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Description

FIELD OF THE INVENTION

[0001] This invention relates to a catheter device sys-
tem for mapping and ablating renal nerves distributed on
renal artery so as to improve the accuracy, effectiveness
and safety of catheter-based renal nerve ablation.

BACKGROUND OF THE INVENTION

[0002] Hyperactivity of renal sympathetic nerve is a
pathophysiological mechanism in diseases such as con-
gestive heart failure (CHF), hypertension, diabetes,
chronic renal failure, arrhythmia and other heart disorder.
The renal sympathetic denervation method has been ap-
plied recently to treat these diseases because this ther-
apy method can reduce the hyperactivity of sympathetic
nerve. In general, all diseases with hyperactivity of sym-
pathetic nerve as one of its pathological mechanisms can
be treated with the renal sympathetic denervation ap-
proach. The renal sympathetic nerve is believed to be
both an effector and sensor of the sympathetic system,
thus the pathophysiological status of the cardiovascular
system and other organs can be regulated via the renal
sympathetic nerve.
[0003] US 2012/136350 A1 describes a catheter ap-
paratus.
[0004] US 2012/197246 A1 relates to an ablation cath-
eter system.
[0005] WO2012/100095 also discloses relevant prior
art.

Possible Clinical Applications of Renal Sympathetic Den-
ervation Procedure

[0006]

1. Hypertension: Krum et al studied the effects of
catheter-based renal sympathetic denervation on
blood pressure in patients with hypertension. Two
studies have been completed and published: Sym-
plicity HTN-1 (Krum et al., 2009; Sadowski et al.,
2011) and Symplicity HTN-2(Esler et al., 2010). One
study is under way: Symplicity HTN-3. Symplicity
HTN-1 and Symplicity HTN-2included 50 and 106
patients, with the follow-up periods of 12 and 6
months, respectively. No detail has been reported
for Symplicity HTN-3 to date. All studied subjects in
these studies were patients with drug resistance hy-
pertension, i.e. their systolic pressure was still
≥160mmHg after administration of at least three
types of anti-hypertensive drugs including a diuretic,
or those patients for whom it is impossible to treat
their hypertension with drug therapies due to various
reasons. In Symplicity HTN-1, in 45 patients who had
received renal denervation procedure, their average
systolic/diastolic blood pressure dropped from

177/101 mmHg by -14/-10, -21/-10, -22/-11, -24/-11
and -27/17mmHg at 1, 3, 6, 9 and 12 months respec-
tively after the treatment. The blood pressure level
in 5 patients who did not receive this treatment was
increased during the same time period (Krum et al.,
2009). In Symplicity HTN-2 study, which was a ran-
domized study having a control group, ambulatory
blood pressure monitoring replaced manual blood
pressure measurement in the outpatient office in or-
der to avoid the "white coat effect", and the effects
of renal denervation on hypertension further con-
firmed the results in Symplicity HTN-1. At 1, 3 and 6
months after the procedure, systolic and diastolic
blood pressure in 52 patients also dropped by 20/-
7, -24/-8 and -32/-12 mmHg respectively from their
hypertensive baseline (Esler et al., 2010). The aver-
age time spent on the renal denervation procedure
was only about 38 minutes, low radio frequency en-
ergy was used (5∼8W), the spacing between ablation
points was at least 5mm apart, with 4∼6 ablation
points on each side of renal artery, and the ablation
time for each point was 2 min (Sobotka et al., 2012).
This method was safe, and up to now, no side effects
such as vascular thrombosis, renal embolism or re-
nal function impairment were reported.
2. Abnormal glucose metabolism and diabetes: Mah-
foud et al studied 37 patients with various clinical
syndromes of diabetes 3 months after the renal sym-
pathetic denervation procedure. It was found that the
fasting level of blood glucose dropped from 118 to
108 mg/dL, insulin level dropped from 20.8 to 9.3
mIU/mL, C-peptide level reduced from 5.3 to 3.0
ng/mL, while insulin resistance reduced from 6.0 to
2.4, and the glucose level 2 hours after oral glucose
tolerance test also reduced by 27 mg/dL. In the con-
trol group, the blood pressure and the levels of these
metabolism markers in 13 patients who did not re-
ceive renal denervation procedure were not signifi-
cant changed (Mahfoud et al., 2011). The results
demonstrated that renal denervation can improve
the insulin resistance and glucose metabolism in pa-
tients with diabetes.
3. Sleep apnea syndrome (SAS): Witkowski et al
found that renal sympathetic denervation procedure
can significantly improve sleep apnea in patients with
drug resistant hypertension. They found that, 6
months after renal denervation, apnea hypopnea in-
dex (AHI) in 10 patients with drug resistance hyper-
tension accompanied with sleep apnea reduced
from 16.3 times/h (before the procedure) to 4.5
times/h. These results indicate that, in patients with
both drug resistant hypertension and sleep apnea,
this treatment method can improve the degree of
sleep apnea while reducing the blood pressure of
patients (Witkowski et al., 2011).
4. Heart failure: Brandt et al reported that 6 months
after renal sympathetic denervation procedure in pa-
tients with drug resistance hypertension, the left ven-
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tricle hypertrophy index, left ventricular septum thick-
ness, left ventricular end diastolic volume, isovolu-
metric relaxing period and left ventricular filling pres-
sure were significantly reduced, while the cardiac
ejection fraction was increased significantly. Similar
changes of these parameters were not observed in
18 patients who were served as control group and
did not receive this treatment (Brandt et al., 2012).
These results indicate that renal sympathetic dener-
vation procedure can significantly improve cardiac
functions of patients with cardiac dysfunction. Sym-
plicity-H and REACH are ongoing clinical studies in-
vestigating the impacts of renal sympathetic dener-
vation procedure on patients with heart failure, but
no results have yet been published (Sobotka et al.,
2012).
5. Chronic kidney diseases and renal failure: hyper-
activity and excessive tone of sympathetic nerve are
closely related to the occurrence and development
of chronic renal failure. Factors which impair the kid-
neys can cause hyperactivity of systemic sympathet-
ic nerve via the renal nerve; the pathological high
systemic sympathetic tone is harmful to kidney, di-
rectly resulting in impairment of renal function
(Schlaich et al., 2009). Therefore, reducing the hy-
peractivity of systemic sympathetic nerve by renal
sympathetic denervation procedure may also be a
new means to treat chronic kidney diseases and re-
nal failure. It has been reported that one year after
the renal sympathetic denervation procedure, pa-
tients with late stage chronic kidney disease and
drug resistance hypertension showed no significant
change in eGFR (Hering et al., 2012; Hering et al.,
2012; Dasgupta et al., 2012). The result indicates
that the treatment can probably slow down the
progress of chronic kidney disease.
6. High sympathetic tone related-cardiovascular dis-
eases: it has been shown in animal and clinical stud-
ies that high sympathetic tone plays an important
role in the occurrence and development of many car-
diovascular diseases (D’Agrosa, 1997; Esler, 1992).
Thus, renal sympathetic denervation which can re-
balance the high systemic sympathetic tone by sup-
pressing the hyperactivity of systemic sympathetic
nerve may be used in treatment of cardiovascular
diseases such as arrhythmia and heart failure.

[0007] However, in the existing procedures for renal
nerve ablation or other renal denervation methods, the
distribution of renal nerves is not located, and the surgeon
does not know on which part of the renal artery should
the renal denervation procedure be performed. There-
fore the operation is performed blindly, and its treatment
effect and safety should be further improved and raised.
In particular, Brinkmann et al recently did ablation pro-
cedure to remove renal nerves in 12 patients with hyper-
tension, but blood pressure was only reduced in 3 pa-
tients after the treatment, and the blood pressure did not

reduce in other 7 patients after the treatment (Brinkmann
et al., 2012). Somehow, these investigators did report
changes in blood pressure in the rest of 2 patients in their
publication. These investigators believed that one of the
reasons was that the renal nerve ablation procedure was
not made at the distribution point of the renal sympathetic
nerve. Brinkmann et al. also expressed that it was not
known whether the radio frequency energy applied in the
procedure ablated the renal afferent or efferent nerves.
Essentially, surgeons have no clinical indicator to assess
and prove if the procedure is successfully performed
(Brinkmann et al., 2012). Therefore, there is an urgent
need clinically for a practical and feasible method to map
the renal sympathetic nerve and the renal parasympa-
thetic nerve, to direct clinical doctors how to remove renal
sympathetic nerves in an accurate, effective and safe
manner, and to assess and prove if the renal denervation
operation is successfully performed.
[0008] The US patent application, US 2011/0306851
A1, puts forth a specific method for renal sympathetic
nerve mapping and devices to implement renal sympa-
thetic nerve mapping for the first time. In the patent spec-
ification, pig experiments were performed to demonstrate
how to map the distribution of renal sympathetic nerves
by applying electric stimulation within renal artery while
monitoring changes in artery blood pressure, heart rate
and other physiological parameters. If a given position
of the renal artery is stimulated and blood pressure and
heart rate were increased, that position is determined as
a distributed point by renal sympathetic nerve. This renal
sympathetic mapping concept and approaches were re-
cently confirmed by other investigators. Using dog model,
Chinushi et al. (Chinushi et al., 2013) reported that once
intra-renal electronic simulation was applied to certain
locations of renal artery, blood pressure and heart rate
were increased. After these locations were ablated using
high radio frequency and the same electric stimulation
was applied to the same location again, blood pressure
and heart rate no longer changed.
[0009] Renal sympathetic denervation provides an al-
ternative therapy to treat diseases which are related to
hyperactivity of sympathetic nerve system, thus there is
a clinical need to have devices with functions to perform
intra-renal artery stimulation and renal denervation. De-
vices used for the two above-mentioned studies were not
specially designed for renal nerve mapping and ablation.
The current catheter and ablation systems which have
been used by clinicians were designed for cardiac abla-
tion and cardiac diseases such as arrhythmia with very
high energy. The configuration and shape of these cath-
eters were not designed according to renal artery anat-
omy and structure but were rather based on coronary
artery/cardiac anatomy and structure. These catheter
systems have electrodes at their tips which were de-
signed to detect abnormal electric physiology in cardiac
tissues; however, these designs did not meet the needs
of physicians for mapping and ablating renal sympathetic
and parasympathetic nerves. An ideal renal nerve map-
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ping and ablation catheter system should have dual func-
tions: it should deliver electrical stimulations from within
the renal artery to map the distributions of renal sympa-
thetic and parasympathetic nerves, and also deliver en-
ergy to ablate renal nerves. At the same time, the shape
of the catheter should be optimized for the anatomical
structure of renal artery. Using such a catheter system,
physicians will be able to deliver intra-renal stimulation,
monitor physiological changes in patient during the stim-
ulation, ablate renal sympathetic innervations, and stim-
ulate these positions again to evaluate whether a suc-
cessful renal sympathetic denervation has been per-
formed. However, up to date, a catheter system to meet
these requirements has not yet been developed.
[0010] During renal denervation procedure, the anat-
omy and structure of the renal artery must be taken into
consideration. The variations of the renal artery among
individuals are very large such as differences in length,
diameter and bifurcations. Patients with hypertension
may have implanted renal stents, renal artery stenosis,
renal artery plaques or other anatomy abnormalities. If
these factors were not taken into consideration, for some
existing ablation catheter systems with ablation energy
that is too high (renal artery ablation is low energy pro-
cedure and it cannot be more than 8 watts), serious side
effects may occur during the procedure such as vessel
spasms, edema, renal artery endothelial denudation,
embolism, rupture, necrosis and stenosis. Thus, an ab-
lation catheter system designed according to renal artery
anatomy, structure, physiology and biology with low en-
ergy, and having both functions of mapping and ablation
is an urgent need for renal denervation.
[0011] In summary, current commercially available ab-
lation catheter systems are not suitable for renal mapping
and ablation since they are neither designed based on
the anatomy of the renal artery nor for the purpose of
mapping renal sympathetic/parasympathetic nerves.
These ablation catheter systems cannot fulfill the clinical
needs of renal denervation which require accuracy, effi-
cacy and safety. This invention will address these issues.

SUMMARY OF THE INVENTION

[0012] This invention provides a catheter device sys-
tem for mapping and ablating renal nerves distributed on
renal arteries so as to improve the accuracy, effective-
ness and safety of catheter-based renal nerve ablation
procedure, as disclosed in appended independent claim
1. Further preferred embodiments are disclosed in the
dependent claims.
[0013] In one embodiment, the present invention pro-
vides a device for mapping and ablating the renal nerves
distributed on the renal artery, comprising a guide cath-
eter, a mapping-ablation catheter, a handle and a con-
nector, wherein said guide catheter has at least one lu-
men and a distal end with adjustable curvature; said map-
ping-ablation catheter is housed in one of the lumens of
the guide catheter and has a distal end that comprises

one or more electrodes and one or more detecting de-
vices, said distal end of the mapping-ablation catheter is
curved and can be extended out of or retracted into the
guide catheter and is rotatable along the central axis of
the open end of the guide catheter; said handle connects
the guide catheter and mapping-ablation catheter and
comprises one or more controlling components, said con-
trolling components are for controlling the movement of
the guide catheter and mapping-ablation catheter; and
said connector is designed to supply energy to the elec-
trode.
[0014] In one embodiment, said handle further com-
prises a fluid-exchange conduit connected to the guide
catheter for controlling fluid entering or leaving the guide
catheter. In another embodiment, said detecting devices
comprise temperature detecting device and resistance
detecting device. In another embodiment, said elec-
trodes comprise electrodes for delivering electrical ener-
gy, radio frequency energy, laser energy, high intensity
focused ultrasound, or for carrying out cryoablation.
[0015] In one embodiment, a sealing mechanism is
formed between the mapping-ablation catheter and
guide catheter to control fluid entry or exit.
[0016] In one embodiment, the material at the distal
end of said guide catheter is the softest, the material at
the middle part of the guide catheter has an intermediate
hardness and the material at the proximal end of the
guide catheter is the hardest with the hardness of the
materials distributed in the range 90A to 80D in the Shore
hardness scale.
[0017] In one embodiment, the curvature of the distal
end of said mapping-ablation catheter is maintained by
using a traction wire, one end of the traction wire is fixed
to the distal end of the mapping-ablation catheter while
the other end is fixed to a spring inside the handle, where-
in when the distal end of the mapping-ablation catheter
is retracted into the guide catheter, the distal end is con-
fined and stretches the traction wire to compress the
spring , wherein when the distal end of the mapping-ab-
lation catheter is extended out of the guide catheter, its
distal end is no longer confined and the spring restores
naturally and pulls the traction wire to cause the bending
of the distal end of the catheter; or, while not forming part
of the invention, by using Ni-Ti shape memory alloy with
a preformed shape so that the distal end can maintain
the preformed curvature after assembled into the cathe-
ter.
[0018] In one embodiment, said controlling compo-
nents comprise a control knob that causes the distal end
of the guide catheter to bend. In one embodiment, said
controlling components comprise a control knob that
causes the distal end of the mapping-ablation catheter
to extend out of or withdraw into the guide catheter. In
another embodiment, said controlling components com-
prise a control knob that causes the distal end of the
mapping-ablation catheter to rotate. In another embodi-
ment, said controlling components comprise a control
knob that causes the distal end of the mapping-ablation
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to extend out of or withdraw into the guide catheter, and
causes the distal end of the mapping-ablation catheter
to rotate.
[0019] The present disclosure also provides an exem-
plary method, which does not form part of the invention,
of using the device disclosed herein for mapping and
ablating the renal nerves distributed on a renal artery,
said method comprising the following steps:(i) inserting
the distal end of the guide catheter of the device into renal
artery via the abdominal aorta;(ii) extending the mapping-
ablation catheter out of the guide catheter to establish
good contact between the electrode and the renal artery
wall; and(iii) providing energy to the electrode, so that
said energy is delivered to the renal artery wall. In one
embodiment, the curvature of the distal end of the guide
catheter is adjustable to make it easier to enter the renal
artery. In another embodiment, the length of the map-
ping-ablation catheter extending out of the guide catheter
is controllable to allow selection of a position to establish
good contact between the electrode and the renal artery
wall. In another embodiment, said mapping-ablation
catheter can be controlled to rotate around the central
axis of the open end of the guide catheter to allow selec-
tion of a position to establish good contact between the
electrode and the renal artery wall. In one embodiment,
said energy to be delivered into the renal artery wall com-
prises energy for nerve stimulation and energy for nerve
ablation. In another embodiment, said energy comprises
electric energy, radio frequency energy, laser energy,
high density focusing supersonic wave, or for cryoabla-
tion. In yet another embodiment, the above method fur-
ther comprises the step of moving the guide catheter or
mapping-ablation catheter, after step (iii), to establish
good contact between the electrode and the renal artery
wall at a new location.

BRIEF DESCRIPTION OF THE FIGURES

[0020]

Fig. 1-1 shows one embodiment of the catheter de-
vice system of this invention. The catheter device
system comprises a guide catheter (11) having two
lumens wherein the curvature of the distal end is
adjustable; a steerable mapping-ablation catheter
(12) housed within the guide catheter (11) wherein
said mapping-ablation catheter is steerable and has
a distal end with a preformed shape; a handle (13)
containing controlling components; a fluid-exchange
conduit (14) located at the end of the handle that is
connected with the guide catheter; a connector (15)
at the end of the handle for connecting with the map-
ping and ablating controller; and traction wires con-
necting the distal end of the guide catheter to the
controlling components. The mapping-ablation cath-
eter is retracted into the guide catheter in the figure
shown.
Fig. 1-2 shows the catheter device in Fig. 1-1 when

the distal end of the guide catheter (11) was bent
after the control knob (16) was rotated.
Fig. 1-3 shows the catheter device in Fig. 1-1 when
the mapping-ablation catheter (12) was extended
out of the guide catheter (11) after the control knob
(17) was pushed.
Fig. 1-4 shows the catheter device in Fig. 1-1 when
the mapping-ablation catheter (12) extending out of
the guide catheter (11) rotated around the central
axis of the open end of the guide catheter (11) after
the control knob (18) was turned.
Fig. 2-1 shows an embodiment of the distal end (21)
of the mapping-ablation catheter wherein the tip of
the catheter has an electrode (22) and a temperature
detecting device (23), wherein within the distal end
of the catheter there is a traction wire (21) or shape
memory device (25) that cause the distal end to as-
sume a fixed curvature or adjustable curvature.
Fig. 2-2 shows an embodiment of the distal end of
the mapping-ablation catheter. A sealing mecha-
nism between the tip of the mapping-ablation cath-
eter (12) and the guide catheter (11) is formed by
the smooth surface of the electrode (22) fitting neatly
on the smooth edge of the open end of the guide
catheter (11). The traction wire (24) of the mapping-
ablation catheter and the traction wire (26) of the
guide catheter (11) are made of stainless steel or Ni-
Ti alloy.
Fig. 3-1 shows another embodiment of this invention;
said catheter device differs from the embodiment of
Fig. 1 by having a control knob (19) that can be
moved forward and backward or rotated. The map-
ping-ablation catheter is retracted into the guide
catheter in the figure shown.
Fig. 3-2 shows an embodiment of the mechanism
for controlling the bending of the guide catheter (11).
The control knob (16) drives the sliding block (31)
by means of a screw thread mechanism. Rotating
the control knob (16) causes the sliding block (31)
move linearly on the slideway (32). One end of a
traction wire is fixed to the sliding block (31) while
the other end is connected to the tip of the guide
catheter. The distal end of the guide catheter will be
bent as the traction wire is pulled.
Fig. 3-3 shows an embodiment of the mechanism
for extending the mapping-ablation catheter (12) out
of the guide catheter (11). The control knob (19) con-
tacts the rotation-fixing block (34) via the structural
component (33) and the rotation-fixing block (34) has
a groove ring at its contact with the structural com-
ponent (33) to ensure that the structural component
will not rotate with the rotation-fixing block when the
rotation-fixing block rotates. When the control knob
(19) is pushed, the control knob (19) drives the ro-
tation-fixing block (34) and the mapping-ablation
catheter (12) fixed on it to move forward and back-
ward via the structural component (33) so that the
mapping-ablation catheter (12) can extend out of or
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withdraw into the guide catheter (11) by moving the
control knob (19) forward and backward.
Fig. 3-4 shows an embodiment of the mechanism
for rotating the mapping-ablation catheter (12)
around the central axis of the open end of the guide
catheter (11). The control knob (19) contacts the ro-
tation-fixing block (34) via the gear set (35). The out-
side of the rotation-fixing block (34) is designed with
teeth so that motion the gear set (35) could be trans-
mitted. As the fixing block (36) fixes the mapping-
ablation catheter (12) on the rotation-fixing block (34)
by pressing against the proximal end of the catheter
(stainless steel pipe) under the action of a screw,
turning the control knob (19) will transmit the motion
to the gear set (35) which then rotates the rotation-
fixing block (34) such that the mapping-ablation cath-
eter (12) will rotate around the central axis of the
open end of the guide catheter (11).

DETAILED DESCRIPTION OF THE INVENTION

[0021] The invention will be better understood by ref-
erence to the Experimental Details which follow, but
those skilled in the art will readily appreciate that the spe-
cific examples are for illustrative purposes only and
should not limit the scope of the invention which is defined
by the claims which follow thereafter.
[0022] In one embodiment, this invention provides a
catheter device system for mapping and ablating renal
nerves distributed on a renal artery, said catheter device
system comprises a guide catheter having two lumens
wherein the curvature of the distal end is adjustable; a
mapping-ablation catheter housed within the guide cath-
eter wherein said mapping-ablation catheter is steerable
and has a distal end with a preformed shape; a handle
containing controlling components; a fluid-exchange
conduit located at the end of the handle that is linked to
the guide catheter; a connector at the end of the handle
for connecting with external instruments; and traction
wires linking the distal end of the guide catheter to the
controlling components.
[0023] In one embodiment, this invention provides a
single catheter for carrying out multiple functions that in-
tegrates the mapping-ablation catheter and guide cath-
eter into one device; its electrode can deliver energy for
electrical stimulation or for ablation of underlying nerves
in a renal artery so as to achieve the purpose of either
mapping or ablation of nerves. In another embodiment,
this invention allows users to inject contrast agents, col-
lect blood samples or inject drug for treatment via the
guide catheter. In yet another embodiment, the distal
ends of the device of this invention is steerable to adjust
to the structure of renal artery or the relative position be-
tween the abdominal aorta and the renal artery so that
users have better control over the catheter. This makes
it easier for the catheter to enter the renal artery and
precisely select the location for which the electrode at
the catheter tip contacts the renal arterial wall. The distal

end of the catheter also has a structure that allows it to
anchor at the selected location to ensure that the catheter
tip will not be displaced during the procedure.
[0024] In one embodiment, the controlling components
contained in the handle comprises one or more control
knobs for controlling the mapping-ablation catheter and
the distal end of the guide catheter. In another embodi-
ment, said control knob is connected to the handle, map-
ping-ablation catheter and traction wires wherein said
connection with the handle is fixed or allows rotation or
sliding. The connection with the mapping-ablation cath-
eter can be fixed connection or coaxial fixed connection.
[0025] In one embodiment, one or more traction wires
within the guide catheter connects the tip of said catheter
to one or more controlling components in the handle so
that the distal end of the catheter will bend by manipu-
lating said one or more controlling components. In an-
other embodiment, said controlling components com-
prise one or more sliding blocks and control knobs where-
in said control knob drives the movement of said one or
more sliding blocks with a screw thread mechanism. Ro-
tating said control knob causes the sliding block to move
linearly on a slideway and, since one end of the traction
wire is fixed on the sliding block, and the other end is
connected to the tip of the guide catheter, the distal end
of the guide catheter will be bent under the pulling of the
traction wire.
[0026] In one embodiment, the mapping-ablation cath-
eter is fixed to one or more controlling components inside
the handle so that said mapping-ablation catheter can
be pushed out of the guide catheter by manipulating said
one or more controlling components. The length that is
pushed out can also be controlled. In another embodi-
ment, said controlling components comprise a control
knob, a structural part and a rotation-fixing block. In an-
other embodiment, said control knob contacts the rota-
tion-fixing block via the structural part and the rotation-
fixing block has a ring groove at its point of contact with
the structural part to ensure that the structural part will
not rotate with the rotation-fixing block when the rotation-
fixing block rotates. In yet another embodiment, when
the control knob is pushed, the knob drives the rotation-
fixing block to move forward and backward via the struc-
tural part and, since the electrode at the catheter tip is
fixed to the rotation-fixing block, said electrode will move
according to the movement of the rotation-fixing block.
In one embodiment, calibrated markings at the control
knob on the handle allow precise control of the length of
the mapping-ablation catheter that is extended out of or
retract into the guide catheter, e.g. 5mm, 10mm, 15mm,
20mm, 25mm, 30mm, 35mm, 40mm, 45mm, 50mm,
55mm, 60mm, 65mm, 70mm, 75mm and 80mm, etc. Pre-
cise control of the length extended out of the guide cath-
eter can ensure a minimum spacing between ablation
points, such as 5mm. In one embodiment, the mapping-
ablation catheter extending out of the guide catheter can
be retracted into the guide catheter with the same control
knob or other control knobs.
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[0027] In one embodiment, the mapping-ablation cath-
eter is fixed to one or more controlling components on
the handle, so that the mapping-ablation catheter is ro-
tatable by manipulating one or more controlling compo-
nents. In another embodiment, said controlling compo-
nents comprise a control knob, gears or gear set, a ro-
tation-fixing block and a fixing block. In yet another em-
bodiment, said control knob contacts the rotation-fixing
block via the gears or gear set and the outside of the
rotation-fixing block is designed with teeth so that motion
from the gears or gear set can be transmitted. In one
embodiment, the electrode at the catheter tip is fixed with
the rotation-fixing block so that said electrode will move
according to the movement of the rotation-fixing block.
In another embodiment, the electrode at the catheter tip
is fixed by pressing the fixing block against the proximal
end of the catheter (stainless steel pipe) under the action
of a screw. In one embodiment, rotation of the control
knob drives the gears or gear set which rotates the rota-
tion-fixing block, and, in turn, causes the rotation of the
electrode at the catheter tip. In another embodiment, cal-
ibrated markings at the control knob on the handle allow
precise control of the amount by which the mapping-ab-
lation catheter rotates, each marking represents rotation
by a given angle up to 360° to ensure there is no blind
spot when electrical stimulation is delivered. For exam-
ple, each marking represents rotation of the mapping-
ablation catheter by 15°.
[0028] In one embodiment, the movements of the con-
trol knobs occur along sideways (slide) at the point of
contact with the handle. In another embodiment, the
length of said slideway limits the range of forward or back-
ward movement of the control knob which in turn prevents
overstretching or breaking of the traction wire. In yet an-
other embodiment, for the control knob that rotates
around the handle, there is a small protrusion on the han-
dle that will hook with a small protrusion on the control
knob. The control knob is free to rotate along the slideway
within the range when the two protrusions does not meet
but over-rotation of the control knob is prevented when
the two protrusions hook up, thereby avoiding over-
stretching or breaking of the traction wire.
[0029] In one embodiment, the mapping-ablation cath-
eter is rotatable in at least two modes. In one embodi-
ment, the mapping-ablation catheter is rotatable after ex-
tending out of the guide catheter. In another embodiment,
the mapping-ablation catheter is rotatable after fully re-
tract into the guide catheter.
[0030] In one embodiment, the curvature of the steer-
able distal ends of the mapping-ablation catheter and
guide catheter can be altered to adjust to the structure
of the renal artery or the relative positions of abdominal
aorta and renal artery so that the catheter can be more
easily inserted into the renal artery and operated inside
the renal artery.
[0031] In one embodiment, the curvature of the distal
end of the guide catheter can be controlled with the con-
trol knob on the handle via the traction wire to ensure

that the distal end of the guide catheter can enter the
renal artery at a suitable angle.
[0032] In one embodiment, the distal end of the map-
ping-ablation catheter can form a certain curvature. In
another embodiment, said curvature can ensure that the
distal end of the catheter can maintain a given supportive
force within the renal artery and also ensure that the distal
end of the catheter can be anchored at a fixed position
in the renal artery so that good contact between the distal
end of catheter with the inner wall of the artery could be
established and the ablation position is exactly the
mapped position. In another embodiment, good contact
between electrode and inner wall of the artery ensures
that the electrical energy in electrical stimulations can be
effectively delivered to the artery wall. In yet another em-
bodiment, the energy in radio frequency ablations can
be effectively delivered to the artery wall to ablate the
nerve.
[0033] In one example, not forming part of the inven-
tion, to maintain the curvature of the distal end of the
mapping-ablation catheter, Ni-Ti shape memory alloy
material preformed to the desired shape is used so that
the distal end can maintain the preformed curvature after
assembled into the catheter. In another embodiment, the
curvature is achieved by using traction wires, wherein
one end of the traction wire is fixed to the distal end of
the mapping-ablation catheter, and the other end is fixed
to a stainless steel or Ni-Ti spring inside the handle. In
one embodiment, when the mapping-ablation catheter is
retracted within the guide catheter, the distal end is con-
fined and stretches the traction wire while at the same
time the spring is compressed. When the distal end of
the mapping-ablation catheter is extended out of the
guide catheter, its distal end is no longer confined and
the spring restores naturally and pulls the traction wire
to cause the bending of the distal end of the catheter.
[0034] In one embodiment, there is one or more elec-
trodes at the tip of the mapping-ablation catheter. In one
embodiment, said electrodes can deliver electrical ener-
gy for nerve mapping. In yet another embodiment, said
electrodes can deliver radio frequency ablation energy
for renal nerve ablation. In further embodiments, said
electrodes can also release other types of energy for ab-
lation, such as laser, or high intensity focused ultrasound,
or used in other ablation techniques such as cryoablation,
to deliver energy to renal arterial wall to remove renal
sympathetic nerve or any other nerve.
[0035] In one embodiment, the tip of the mapping-ab-
lation catheter provides one or more detecting devices.
In one embodiment, said device is a temperature detect-
ing device for users to measure the temperature in the
artery or on the artery wall. In yet another embodiment,
said device is a resistance detecting device for users to
measure the resistance between the electrode and the
artery wall to ensure good contact between the catheter
tip and the artery wall.
[0036] In one embodiment, the catheter of this inven-
tion further provides a sealing mechanism to control fluid
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from entering or leaving the tip of the guide catheter. In
one embodiment, said sealing mechanism is formed by
the smooth surface of the electrode at the tip of mapping-
ablation catheter fitting neatly on the smooth edge of the
open end of the guide catheter. When the mapping-ab-
lation catheter is retracted into the guide catheter, the
close contact between the electrode mapping-ablation
catheter and the edge of the open end of the guide cath-
eter will prevent fluid from entering or leaving the open
end of the guide catheter. When the sealing mechanism
is opened, fluid can enter or leave the guide catheter as
required by the user. In one embodiment, said fluid com-
prises contrast agents, blood or drugs. In one embodi-
ment, the control of fluid to enter or leave the guide cath-
eter is for injecting contrast agent for angiography, col-
lecting blood sample from the renal artery or aorta, or
injecting drugs into the renal artery or main artery.
[0037] In one embodiment, the end of the handle has
a fluid-exchange conduit connected to the guide catheter
wherein fluid can be led into the distal end of the guide
catheter via said fluid-exchange conduit. In another em-
bodiment, the distal end of the guide catheter further has
one or more lateral holes for fluid to enter or leave the
distal end of the guide catheter.
[0038] In one embodiment, the end of the handle has
a connector for connecting to external instruments. In
one embodiment, said external instrument is a controller
for mapping and ablation wherein said controller provides
the electrode of the mapping and ablating catheter with
energy for stimulation or ablation of nerves.
[0039] In one embodiment, the choice of materials for
the guide catheter depends on the hardness of the ma-
terial which is selected based on the actual need required
when placing the guide catheter into the renal artery. In
one embodiment, said guide catheter is made of one or
more polymeric materials of different hardness, wherein
said materials comprises polyether block amide, polyim-
ide or thermoplastic polyurethane. In one embodiment,
said materials are distributed along different parts of the
guide catheter based on their hardness: the material at
the distal end is the softest, the materials in the middle
part has an intermediate hardness and the material at
the proximal end is the hardest. In another embodiment,
the hardness of the materials is distributed in the range
90A to 80D in the Shore hardness scale. In a further
embodiment, the different materials can be joined togeth-
er directly by butt welding. The guide catheter has at least
one big lumen and at least a small lumen. In one embod-
iment, said big lumen is for housing the mapping-ablation
catheter. In another embodiment, the outer diameter of
the guide catheter is from 1.0 to 5.00 mm, and the inner
diameter is from 0.5 to 4.0 mm. In a further embodiment,
said small cavity is designed to house the traction wire.
[0040] In one embodiment, the mapping-ablation cath-
eter comprises a distal end and a proximal end, wherein
said distal end and proximal end are made from pipes of
woven reinforced polymeric material, said polymeric ma-
terials comprises polyether block amide, polyimide or

thermoplastic polyurethane. In another embodiment,
said proximal end is made from pipes of metallic mate-
rials, wherein said metallic materials comprises stainless
steel or Ni-Ti alloy. In a further embodiment, the outer
diameter of the mapping-ablation catheter is from 0.1 to
3.0 mm.
[0041] In one embodiment, the electrode at the tip of
the mapping-ablation catheter is made of metallic mate-
rials, wherein said metallic materials comprises platinum,
platinum-iridium alloy, gold or silver. In another embod-
iment, said electrode is circular, elliptical, spiral, spheri-
cal, cylindrical or annular in shape. In a further embodi-
ment, the size of said electrode is suitable for use within
the renal artery, and comprises a diameter of 0.1∼4 mm
or a length of 0.1∼4 mm.
[0042] In one embodiment, the handle is made of pol-
ymeric materials comprising polyoxymethylene, acrylo-
nitrile butadiene styrene, polycarbonate, polyamide or
polymethylmethacrylate.
[0043] In one embodiment, the traction wire is made
of materials such as stainless steel or Ni-Ti alloy.
[0044] In one embodiment, the catheters of this inven-
tion can be in different modes during mapping or ablation
based on the actual need during operation. In one em-
bodiment, the mapping-ablation catheter is fully retracted
into the guide catheter when its tip is placed into the lumen
of renal artery for mapping and ablation.
[0045] In one embodiment, the device of this invention
is used in conjunction with all types of medical devices
that is compatible with it, wherein said medical devices
comprise catheter guide wire, traction guide wire, cath-
eter sheath, dilator, or intervention devices for cardiovas-
cular and renal vascular diseases. In one embodiment,
said catheter guide wire can be placed into the blood
vessel of a patient in advance so as to guide the distal
end of the guide catheter to a desired position. In yet
another embodiment, said traction guide wire aids in
placing the distal end of the catheter to a suitable position.
[0046] This disclosure further provides an exemplary
method, that does not form part of the invention, of using
the present catheter device for mapping the distribution
of renal nerves so that the renal nerve distribution on the
renal artery will be mapped and the ablation points in the
renal artery can be identified in order to optimize the renal
nerve ablation procedure. In one embodiment, the meth-
od comprises the following steps: placing the distal end
of the catheter comprising the mapping-ablation catheter
and the guide catheter into the renal artery lumen; ma-
nipulating the control knobs on the handle to move the
distal end of the mapping-ablation catheter or guide cath-
eter so that the electrode of the mapping-ablation cath-
eter establishes good contact with the renal artery wall;
delivering electrical stimulation to the renal artery via said
electrode while monitoring one or more physiological pa-
rameters for any changes; analyzing the renal nerve
mapping data comprising said physiological changes to
provide information about renal nerve distribution and to
effectively guide clinical physicians in the renal denerva-
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tion procedure. In one embodiment, said physiological
parameters comprise blood pressure, heart rate, heart
rate variability, muscle sympathetic nerve activity or renal
norepinephrine overflow level. In another embodiment,
when electrical stimulation at a position results in chang-
es in said physiological parameters, there is distribution
of sympathetic nerve, and the stimulated position is suit-
able for ablation. In yet another embodiment, when the
electrical stimulation at a position results in negative
changes in said physiological parameters, there is distri-
bution of parasympathetic nerve, and ablation should be
avoided at the stimulated position.
[0047] In one embodiment, analysis of the renal nerve
mapping data comprising the changes in the physiolog-
ical parameters provide information about renal nerve
distribution which can effectively guide clinical physicians
in the renal denervation procedure.
[0048] This disclosure further provides an exemplary
method, that does not form part of the invention, for map-
ping and ablating renal nerves with the devices described
above and comprises the steps of:

(1) Placing the distal end of the device into the ab-
dominal aorta via a puncture on femoral artery;
(2) Bend the distal end of the device to adjust to the
structure of the renal artery and the relative position
between the renal artery and abdominal aorta for
easier entry into the renal artery;
(3) Extending the mapping-ablation catheter out of
the guide catheter, and establish good contact be-
tween the electrode at the tip of the mapping-ablation
catheter and the renal arterial wall;
(4) Delivering electrical energy to the position in con-
tact with the electrode to stimulate any underlying
nerves while the physiological response in heart rate,
blood pressure and/or ECG are monitored concur-
rently. A stimulated position will be considered as a
suitable location for ablation with underlying sympa-
thetic nerve if the blood pressure, heart rate and/or
heart rate variability derived from ECG are in-
creased. Ablation should be avoided at a stimulated
position considered to have underlying parasympa-
thetic nerve if the blood pressure, heart rate and/or
heart rate variability derived from ECG are de-
creased, or the heart rate alone decreases;
(5) Applying radio frequency energy to the identified
ablation position via the electrode at the tip of the
mapping-ablation catheter to ablate the nerve while
the tip of the mapping-ablation catheter remains sta-
tionary;
(6) Monitoring the physiological response in heart
rate, blood pressure and/or ECG during ablation;
both blood pressure and heart rate will rise if the
radio frequency energy has been successfully deliv-
ered to the sympathetic nerve.
(7) Delivering electrical energy again to the position
in contact with the electrode to stimulate the under-
lying nerve after the ablation; the underlying nerve

has been successfully ablated if both blood pressure
and heart rate remain unchanged.
(8) Rotating the mapping-ablation catheter to bring
the electrode at its tip to another position on the renal
artery wall; and
(9) Repeating steps (1)-(8) at the new contact posi-
tion if necessary.

[0049] Further details on the nerve mapping procedure
are disclosed in the publishedinternational applications
PCT/IB2012/054303 filed on Aug. 24, 2012 and
PCT/IB2012/054310 filed on Aug. 24, 2012.

EXAMPLE 1

[0050] Figs. 1-1 to 1-4 show one of the embodiments
of this invention. As shown in Fig. 1-1, the catheter com-
prises a steerable guide catheter (11) having lumens, a
steerable mapping-ablation catheter (12) having a distal
endwith preformed shape housed inside the guide cath-
eter, a handle (13) which contains the controlling com-
ponents, a fluid-exchange conduit (14) connected to the
guide catheter at the end of the handle, a connector (15)
at the end of the handle for connecting to the mapping
and ablating controller, and the traction wires that con-
nect the tip of the guide catheter to the controlling com-
ponents.
[0051] In one embodiment, the handle (13) and the
controlling components contained within are made of
polyoxymethylene, acrylonitrile butadiene styrene, or
polymethylmethacrylate.
[0052] In one embodiment, the guide catheter (11) has
an outer diameter of 2.66 mm, there is a small lumen of
diameter 0.4 mm for the traction wire to pass through and
a large lumen of 1.57 mm in diameter for the mapping-
ablation catheter to pass through. The guide catheter (11)
is made of 3 kinds of thermoplastic polyurethane each
having different hardness; the distal end is the softest,
the middle part has an intermediate hardness and the
proximal end is hardest. In one embodiment, the hard-
ness for these three parts are respectively 90A to 40D,
40D to 70D, and 70D to 80D on the Shore hardness scale.
In one embodiment, the three types of materials are di-
rectly butt welded together.
[0053] In one embodiment, the mapping-ablation cath-
eter (12) has an outer diameter of 1.1 mm; its distal end
is made of woven polyimide, and its proximal end is made
of stainless steel.
[0054] Fig. 2-1 shows the distal end of the mapping-
ablation catheter in the same embodiment shown in Fig.
1-1. The curvature of the distal end of the mapping-ab-
lation catheter is maintained by traction wires (24),
wherein one end of the traction wire (24) is fixed to the
distal end of mapping-ablation catheter (12), and the oth-
er end is fixed to a stainless steel or Ni-Ti alloy inside the
handle (13). When the mapping-ablation catheter is re-
tracted into the guide catheter, the distal end is confined
and stretches the traction wire (24), while at the same
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time the spring is compressed. When the distal end of
the mapping-ablation catheter (12) is extended out of the
guide catheter (11), its distal end is no longer confined
and the compressed spring restores naturally and pulls
the traction wire (24) which causes bending of the distal
end of the catheter. In one embodiment, the mapping-
ablation catheter is provided with an electrode (22) and
a temperature detecting device and resistance detecting
device (23).
[0055] In one embodiment, the electrode (22) is a
round electrode made from platinum-iridium alloy, having
a diameter of 2.33 mm. The electrode can deliver both
electrical and radio frequency energy.
[0056] Fig. 2-2 shows the sealing mechanism at the
distal end of the same embodiment shown in Fig. 1-1. In
one embodiment, the sealing mechanism between the
tip of the mapping-ablation catheter (12) and guide cath-
eter (11) is formed by the smooth surface of the round
electrode (22) fitting neatly on the smooth edge of the
open end of the guide catheter (11). The traction wire
(24) of the mapping-ablation catheter and the traction
wire (26) of the guide catheter are made of stainless steel
or Ni-Ti alloy.
[0057] In one embodiment, the controlling components
in the handle (13) comprise three control knobs (16, 17,
18), a sliding block (31), a structural component (33), a
rotation-fixing block (34), gears or gear set (35) and a
fixing block (36).
[0058] In one embodiment, the first control knob (16)
drives the sliding block (31) with a screw thread mecha-
nism, rotating the first control knob (16) makes the sliding
block (31) moves linearly on the slideway (32). One end
of a traction wire is fixed to the sliding block (31) while
the other end is connected to the tip of the guide catheter
(12). The distal end of the guide catheter (11) will be bent
as the traction wire is pulled.
[0059] In one embodiment, the second control knob
(17) contacts the rotation-fixing block (34) via the struc-
tural component (33), the rotation-fixing block (34) has a
groove ring at the point of contact with the structural com-
ponent (33) which ensure that the structural component
will not rotate with the rotation-fixing block when the ro-
tation-fixing block rotates. When the second control knob
(17) is pushed, the control knob (17) drives the rotation-
fixing block (34) to move forward and backward via the
structural component (33). The electrode (22) at the tip
of the catheter is fixed with respect to the rotation-fixing
block (34) such that the electrode will move according to
the movement of the rotation-fixing block. As a result,
when the second control knob (17) is moved forward or
backward, the mapping-ablation catheter (12) will extend
out of or withdraw into the guide catheter (11). In one
embodiment, calibrated markings on the second control
knob (17) allow precise control of the length of the map-
ping-ablation catheter that is extended out of or retracted
into the guide catheter so that the spacing between ab-
lation points is, for example, at least 5mm.
[0060] In one embodiment, the third control knob (18)

contacts with the rotation-fixing block (34) via a gear set
(35), the outside of the rotation-fixing block (34) is de-
signed with teeth so that motion from the gears or gear
set (35) could be transmitted. The mapping-ablation cath-
eter (12) is fixed with respect to the rotation-fixing block
(34) such that it moves according to the movement of the
rotation fixing block (34). The fixing block (36) fixes the
mapping-ablation catheter (12) by pressing against the
proximal end of the catheter (e.g. stainless steel pipe)
under the action of a screw. Rotating the third control
knob (18) will transmit this motion to the gears or gear
set (35) which then rotates the rotation-fixing block (34)
such that the mapping-ablation catheter (12) will rotate
around the central axis of the open end of the guide cath-
eter (11). In one embodiment, calibrated markings on the
third control knob (18) ensure the mapping-ablation cath-
eter can be precisely controlled to rotate by, for example,
15° each time.
[0061] The mapping-ablation catheter (12) in one em-
bodiment can rotate under two modes. In the first mode,
the distal end of the mapping-ablation catheter (12) is
extended out of the guide catheter (11) when it is rotated;
while, in the second mode, the distal end of the mapping-
ablation catheter (12) is fully retracted into the guide cath-
eter (11) when it is rotated.

EXAMPLE 2

[0062] In this example, the second control knob (17)
and the third control knob (18) are the same control knob
(19) (Fig. 3-1), that is, the same control knob (19) can
control the mapping-ablation catheter to extend or with-
draw and rotate; however, an interlock device ensures
that rotation is not possible when this control knob is
pushed or pulled. On the other hand, it is not possible to
extend or withdraw the mapping-ablation catheter when
this control knob is rotating. In one embodiment, moving
a single control knob forward and backward can make
the mapping-ablation catheter (12) extend out of or with-
draw into the guide catheter (11) (Fig. 3-3); rotating the
same single control knob (19) can make the mapping-
ablation catheter (12) rotate around the central axis of
the open end of the guide catheter (11) (Fig. 3-4).
[0063] Figs 3-2 to 3-4 show the internal structure of the
embodiment in example 2. The controlling components
in the handle (13) comprise two control knobs (16, 19),
a sliding block (31), a structural component (33), a rota-
tion-fixing block (34), gears or gear set (35) and a fixing
block (36).
[0064] In one embodiment, the first control knob (16)
drives the sliding block (31) with a screw thread mecha-
nism, rotating the first control knob (16) causes the sliding
block (31) to move linearly on the slideway (32). Since
one end of the traction wire is fixed to the sliding block
(31) while the other end is connected to the tip of the
guide catheter (12), the guide catheter (11) will be bent
as the traction wire is pulled (Fig. 3-1).
[0065] In one embodiment, the second control knob
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(19) contacts the rotation-fixing block (34) via the struc-
tural component (33) and the rotation-fixing block (34)
has a groove ring at the point of contact with the structural
component (33) to ensure that the structural component
will not rotate with the rotation fixing block when the ro-
tation-fixing block rotates. When the second control knob
(19) is pushed, the control knob (19) drives the rotation-
fixing block (34) to move forward and backward via the
structural component (33). The electrode (22) at the tip
of the catheter is fixed with the rotation-fixing block (34)
such that the electrode will move according to the move-
ment of the rotation-fixing block. As a result, when the
second control knob (19) is moved forward and back-
ward, the mapping-ablation catheter (12) will extent out
of or withdraw into the guide catheter (11). In one em-
bodiment, calibrated markings on the second control
knob (19) allow precise control of length of the mapping-
ablation catheter that is extended out of or retracted into
the guide catheter so that the spacing between ablation
points can be made at intervals of at least, for example,
5mm.
[0066] In one embodiment, the second control knob
(19) contacts with the rotation-fixing block (34) via a gear
set (35), the outside of the rotation-fixing block (34) is
designed with teeth so that motion from the gears or gear
set (35) could be transmitted. The mapping-ablation (12)
is fixed with respect to the rotation-fixing block (34) such
that it moves according to the movement of the rotation-
fixing block (34). The fixing block (36) fixes the mapping-
ablation catheter (12) by pressing against the proximal
end of the catheter (e.g. stainless steel pipe) under the
action of a screw. Rotating the second control knob (19)
will transmit this motion to the gears or gear set (35) which
then rotates the rotation-fixing block such that the map-
ping-ablation catheter (12) will rotate around the central
axis of the open end of the guide catheter (11). In one
embodiment, calibrated markings on the second control
knob (19) ensure that rotations of the mapping-ablation
catheter can be precisely made by, for example, 15° each
time. This example is identical to the first example in all
other aspects.

EXAMPLE 3

[0067] In this example, not forming part of the inven-
tion, the curvature of the distal end of mapping-ablation
catheter is maintained by using shape memory Ni-Ti alloy
material with a preformed shape (25) so that the distal
end can maintain the preformed curvature after assem-
bled into the catheter. This example is identical to the
first example in all other aspects.

EXAMPLE 4

[0068] In this example, the guide catheter (11) is made
of three kinds of thermoplastic polyurethane of different
hardness; the distal end is the softest, the middle part
has an intermediate hardness while the proximal end is

the hardest. In one embodiment, the hardness for these
three parts are respectively 90A to 40D, 40D to 70D, and
70D to 80D on the Shore hardness scale. In one embod-
iment, the three types of materials are directly butt welded
together. This example is identical to the first example in
all other aspects.

EXAMPLE 5

[0069] In this example, the detecting device at the head
of the mapping-ablation catheter (12) is a resistance de-
tecting device. This example is identical to the first ex-
ample in all other aspects.

EXAMPLE 6

[0070] In this example, there is both a resistance de-
tecting device and a temperature detecting device (23)
at the tip of the mapping-ablation catheter (12). This ex-
ample is identical to the first example in all other aspects.

EXAMPLE 7

[0071] In one embodiment, when any of the devices
described above is used, the connector (15) is connected
with an external mapping and ablating controller to pro-
vide the electrode at the head of mapping-ablation cath-
eter with the electrical energy required to stimulate
nerves and the radio frequency energy required to ablate
nerves.
[0072] In one embodiment, a method for mapping and
ablating renal nerved with any of the devices described
above comprises:

(1) Placing the distal end of the catheter into the ab-
dominal aorta via a puncture on femoral artery;
(2) Bend the distal end of the device by rotating the
first control knob (16) to adjust to the structure of the
renal artery and the relative position between the
renal artery and abdominal aorta for easier enter the
renal artery;
(3) Extending the mapping-ablation catheter (12) out
of the guide catheter (11) by pushing the second
control knob (17 or 19), and establish good contact
between the electrode (22) at the tip of the mapping-
ablation catheter and the renal arterial wall;
(4) Delivering electrical energy to the position in con-
tact with the electrode (22) to stimulate any under-
lying nerves while the physiological response in
heart rate, blood pressure and/or ECG are monitored
concurrently. A stimulated position will be consid-
ered a suitable location for ablation with underlying
sympathetic nerve if the blood pressure, heart rate
and/or heart rate variability derived from ECG are
increased. Ablation should be avoided at a stimulat-
ed position considered to have underlying parasym-
pathetic nerve if the blood pressure, heart rate and/or
heart rate variability derived from ECG are de-
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creased, or the heart rate alone decreases;
(5) Applying radio frequency energy to the identified
ablation position via the electrode (22) at the tip of
the mapping-ablation catheter to ablate the nerve
while the tip of the mapping-ablation catheter (12)
remains stationary;
(6) Monitoring the physiological response in heart
rate, blood pressure and/or ECG during ablation;
both blood pressure and heart rate will rise if the ratio
frequency energy has been successfully delivered
to the sympathetic nerve;
(7) Delivering electrical energy again to the position
in contact with the electrode (22) to stimulate the
underlying nerve after the ablation. The underlying
nerve has been successfully ablated if both blood
pressure and heart rate remain unchanged;
(8) Rotating the third control knob (18) or the second
control knob (19) to rotate the mapping-ablation
catheter (12) to bring the electrode (22) at its tip to
another position on the renal artery wall, and repeat
steps (1)-(8) at the new contact position if necessary.
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Claims

1. A device for mapping and ablating renal nerves dis-
tributed on a renal artery, comprising a guide cath-
eter (11), a mapping-ablation catheter (12), a handle
(13) and a connector (15), wherein:

said guide catheter (11) comprises at least one
lumen and a distal end with adjustable curva-
ture, wherein a first traction wire (26) within the
guide catheter (11) connects the tip of said guide
catheter (11) to a controlling component in the
handle (13), so that the distal end of the guide
catheter bends by manipulating the controlling
component;
said mapping-ablation catheter (12) is housed
in one of the lumens of the guide catheter (11)
and has a distal end that comprises one or more
electrodes (22) and one or more detecting de-
vices (23);
said distal end of the mapping-ablation catheter
(12) can be extended out of or retracted into the
guide catheter (11) and is rotatable along the
central axis of the open end of the guide catheter
(11), wherein the distal end of said mapping-
ablation catheter (12) assumes a curvature
when extended out of the guide catheter (11),
said curvature is maintained by using a second
traction wire (24), one end of which is fixed to
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the distal end of the mapping-ablation catheter
(12) while the other end is fixed to a spring inside
the handle (13), wherein when the distal end of
the mapping-ablation catheter (12) is retracted
into the guide catheter (11), the distal end is con-
fined and stretches the second traction wire (24)
while at the same time the spring is compressed,
wherein when the distal end of the mapping-ab-
lation catheter (12) is extended out of the guide
catheter (11), the distal end is no longer confined
and the spring restores naturally and pulls the
second traction wire (24) to cause the bending
of the distal end of the mapping-ablation cathe-
ter (12);
said handle (13) connects the guide catheter
(11) and mapping-ablation catheter (12) and
comprises one or more controlling components,
said controlling components are for controlling
the movement of the guide catheter (11) and
mapping-ablation catheter (12);
and said connector (15) is designed to supply
energy to the one or more

2. The device of claim 1, wherein said electrodes (22)
comprise electrodes for delivering electrical energy,
radio frequency energy, laser energy, high intensity
focused ultrasound, or for carrying out cryoablation.

3. The device of claim 1, wherein the material at the
distal end of said guide catheter (11) is the softest,
the material at the middle part of the guide catheter
(11) has an intermediate hardness and the material
at the proximal end of the guide catheter (11) is the
hardest with the hardness of the materials distributed
in the range 90A to 80D in the Shore hardness scale.

4. The device of any one of claims 1 to 3, wherein said
controlling components comprise a control knob (16)
that causes the distal end of the guide catheter (11)
to bend.

5. The device of any one of claims 1 to 3, wherein said
controlling components comprise a control knob (18)
that causes the distal end of the mapping-ablation
catheter (12) to extend out of or withdraw into the
guide catheter (11).

6. The device of any one of claims 1 to 3, wherein said
controlling components comprise a control knob (18)
that causes the distal end of the mapping-ablation
catheter (12) to rotate.

7. The device of any one of claims 1 to 3, wherein said
controlling components comprise a control knob (19)
that causes the distal end of the mapping-ablation
catheter (12) to extend out of or withdraw into the
guide catheter (11), and causes the distal end of the
mapping-ablation catheter (12) to rotate.

8. The device of any one of the preceding claims com-
prising a sealing mechanism between the tip of the
mapping-ablation catheter (12) and the guide cath-
eter (11), the sealing mechanism being formed by a
smooth surface of electrode (22) fitting neatly on a
smooth edge of the open end of the guide catheter
(11).

Patentansprüche

1. Vorrichtung zum Lokalisieren und Abladieren von
auf einer Nierenarterie verteilten Nierennerven, wel-
che einen Führungskatheter (11), einen Lokalisier-
Ablation-Katheter (12), einen Griff (13) und einen
Stecker (15) aufweist, wobei:

der Führungskatheter (11) zumindest ein Lu-
men und ein distales Ende mit einstellbarer
Krümmung aufweist, wobei ein erster Traktions-
draht (26) innerhalb des Führungskatheters (11)
die Spitze des Führungskatheters (11) mit einer
Steuerkomponente in dem Griff (13) verbindet,
so dass sich das distale Ende des Führungska-
theters durch Manipulieren der Steuerkompo-
nente biegt;
der Lokalisier-Ablation-Katheter (12) in einem
der Lumina des Führungskatheters (11) aufge-
nommen ist und ein distales Ende hat, das eine
oder mehrere Elektroden (22) und eine oder
mehrere Detektionsvorrichtungen (23) aufweist;
das distale Ende des Lokalisier-Ablation-Kathe-
ters (12) aus dem Führungskatheter (11) aus-
gefahren und in diesen eingezogen werden
kann, und entlang der Mittelachse des offenen
Endes des Führungskatheters (11) drehbar ist,
wobei das distale Ende des Lokalisier-Ablation-
Katheters (12) eine Krümmung einnimmt, wenn
es aus dem Führungskatheter (11) ausgefahren
ist,
die Krümmung mittels eines zweiten Traktions-
drahts (24) beibehalten wird, dessen eines Ende
an dem distalen Ende des Lokalisier-Ablation-
Katheters (12) befestigt ist, während das andere
Ende an einer Feder innerhalb des Griffs (13)
befestigt ist, wobei, wenn das distale Ende des
Lokalisier-Ablation-Katheters (12) in den Füh-
rungskatheter (11) eingezogen ist, das distale
Ende eingegrenzt ist und den zweiten Traktions-
draht (24) streckt, während gleichzeitig die Fe-
der komprimiert wird, wobei, wenn das distale
Ende des Lokalisier-Ablation-Katheters (12)
aus dem Führungskatheter (11) ausgefahren
ist, das distale Ende nicht mehr eingegrenzt ist
und die Feder von selbst zurückstellt und an
dem zweiten Traktionsdraht (24) zieht, um das
Biegen des distalen Endes des Lokalisier-Abla-
tion-Katheters (12) zu bewirken;
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wobei der Griff (13) den Führungskatheter (11)
mit dem Lokalisier-Ablation-Katheter (12) ver-
bindet und eine oder mehrere Steuerkomponen-
ten aufweist, wobei die Steuerkomponenten
zum Steuern der Bewegung des Führungska-
theters (11) und des Lokalisier-Ablation-Kathe-
ters (12) dienen; und der Stecker (15) ausge-
staltet ist, um der einen oder den mehreren Elek-
troden (22) Energie zuzuführen.

2. Die Vorrichtung von Anspruch 1, wobei die Elektro-
den (22) Elektroden zum Liefern von elektrischer En-
ergie, Hochfrequenzenergie, Laserenergie, hochin-
tensiv-fokussiertem Ultraschall oder zum Ausführen
von Kryoablation aufweisen.

3. Die Vorrichtung von Anspruch 1, wobei das Material
am distalen Ende des Führungskatheters (11) das
weichste ist, das Material am mittleren Teil des Füh-
rungskatheters (11) eine mittlere Härte hat und das
Material am proximalen Ende des Führungskathe-
ters (11) das härteste ist, wobei die Härte der ver-
teilten Materialien im Bereich von 90A bis 80D in der
Shore-Härte-Skala liegt.

4. Die Vorrichtung von einem der Ansprüche 1 bis 3,
wobei die Steuerkomponenten einen Steuerknopf
(16) aufweisen, der bewirkt, dass sich das distale
Ende des Führungskatheters (11) biegt.

5. Die Vorrichtung von einem der Ansprüche 1 bis 3,
wobei die Steuerkomponenten einen Steuerknopf
(18) aufweisen, der bewirkt, dass das distale Ende
des Lokalisier-Ablation-Katheters (12) aus dem Füh-
rungskatheter (11) ausfährt oder in diesen zurück-
zieht.

6. Die Vorrichtung von einem der Ansprüche 1 bis 3,
wobei die Steuerkomponenten einen Steuerknopf
(18) aufweisen, der bewirkt, dass sich das distale
Ende des Lokalisier-Ablation-Katheters (12) dreht.

7. Die Vorrichtung von einem der Ansprüche 1 bis 3,
wobei die Steuerkomponenten einen Steuerknopf
(19) aufweisen, der bewirkt, dass das distale Ende
des Lokalisier-Ablation-Katheters (12) aus dem Füh-
rungskatheter (11) ausfährt oder in diesen zurück-
zieht, und bewirkt, dass sich das distale Ende des
Lokalisier-Ablation-Katheters (12) dreht.

8. Die Vorrichtung von einem der vorhergehenden An-
sprüche, die einen Dichtungsmechanismus zwi-
schen der Spitze des Lokalisier-Ablation-Katheters
(12) und dem Führungskatheter (11) aufweist, wobei
der Dichtungsmechanismus durch eine glatte Ober-
fläche der Elektrode (22) gebildet ist, die eng auf
einem glatten Rand des offenen Endes des Füh-
rungskatheters (11) sitzt.

Revendications

1. Dispositif de mappage et d’ablation de nerfs rénaux
répartis sur une artère rénale, comprenant un cathé-
ter guide (11), un cathéter de mappage-ablation (12),
une poignée (13) et un connecteur (15) :

ledit cathéter guide (11) comprenant au moins
une lumière et une extrémité distale ayant une
courbure ajustable, un premier câble de traction
(26) à l’intérieur du cathéter guide (11) reliant la
pointe dudit cathéter guide (11) à un composant
de contrôle dans la poignée (13), de sorte que
l’extrémité distale du cathéter guide fléchit par
manipulation du composant de contrôle ;
ledit cathéter de mappage-ablation (12) étant lo-
gé dans l’une des lumières du cathéter guide
(11) et ayant une extrémité distale qui comprend
une ou plusieurs électrodes (22) et un ou plu-
sieurs dispositifs de détection (23) ;
ladite extrémité distale du cathéter de mappage-
ablation (12) pouvant être déployée hors du, ou
rétractée dans le, cathéter guide (11) et pouvant
tourner le long de l’axe central de l’extrémité
ouverte du cathéter guide (11), l’extrémité dis-
tale dudit cathéter de mappage-ablation (12) ef-
fectuant une courbure lorsqu’elle est déployée
hors du cathéter guide (11),
ladite courbure étant maintenue en utilisant un
second câble de traction (24), dont une extré-
mité est fixée à l’extrémité distale du cathéter
de mappage-ablation (12) tandis que l’autre ex-
trémité est fixée à un ressort à l’intérieur de la
poignée (13), lorsque l’extrémité distale du ca-
théter de mappage-ablation (12) est rétractée
dans le cathéter guide (11), l’extrémité distale
est confinée et étire le second câble de traction
(24) tandis qu’au même moment le ressort est
comprimé, lorsque l’extrémité distale du cathé-
ter de mappage-ablation (12) est déployée hors
du cathéter guide (11), l’extrémité distale n’est
plus confinée et le ressort est naturellement res-
tauré et effectue une traction du second câble
de traction (24) pour amener le fléchissement
de l’extrémité distale du cathéter de mappage-
ablation (12) ;
ladite poignée (13) reliant le cathéter guide (11)
et le cathéter de mappage-ablation (12) et com-
prenant un ou plusieurs composants de contrô-
le, lesdits composants de contrôle servant à
contrôler le mouvement du cathéter guide (11)
et du cathéter de mappage-ablation (12) ;
et ledit connecteur (15) étant conçu pour fournir
de l’énergie à l’une ou aux multiples électrodes
(22).

2. Dispositif selon la revendication 1, lesdites électro-
des (22) comprenant des électrodes de fourniture
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d’énergie électrique, d’énergie de radiofréquence,
d’énergie laser, d’ultrasons focalisés de haute inten-
sité, ou de conduite de cryoablation.

3. Dispositif selon la revendication 1, le matériau à l’ex-
trémité distale dudit cathéter guide (11) étant le plus
mou, le matériau au niveau de la partie médiane du
cathéter guide (11) ayant une dureté intermédiaire
et le matériau au niveau de l’extrémité proximale du
cathéter guide (11) étant le plus dur avec la dureté
des matériaux répartis dans la plage de 90A à 80D
sur l’échelle de dureté Shore.

4. Dispositif selon l’une quelconque des revendications
1 à 3, lesdits composants de contrôle comprenant
un bouton de contrôle (16) qui amène l’extrémité dis-
tale du cathéter guide (11) à fléchir.

5. Dispositif selon l’une quelconque des revendications
1 à 3, lesdits composants de contrôle comprenant
un bouton de contrôle (18) qui amène l’extrémité dis-
tale du cathéter de mappage-ablation (12) à se dé-
ployer hors du, ou à s’extraire dans le, cathéter guide
(11).

6. Dispositif selon l’une quelconque des revendications
1 à 3, lesdits composants de contrôle comprenant
un bouton de contrôle (18) qui amène l’extrémité dis-
tale du cathéter de mappage-ablation (12) à tourner.

7. Dispositif selon l’une quelconque des revendications
1 à 3, lesdits composants de contrôle comprenant
un bouton de contrôle (19) qui amène l’extrémité dis-
tale du cathéter de mappage-ablation (12) à se dé-
ployer hors du, ou à s’extraire dans le, cathéter guide
(11), et qui amène l’extrémité distale du cathéter de
mappage-ablation (12) à tourner.

8. Dispositif selon l’une quelconque des revendications
précédentes comprenant un mécanisme d’étanchéi-
té entre la pointe du cathéter de mappage-ablation
(12) et le cathéter guide (11), le mécanisme d’étan-
chéité étant formé d’une surface lisse de l’électrode
(22) s’ajustant de manière nette sur un bord lisse de
l’extrémité ouverte du cathéter guide (11).
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