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HELTCAL CATHETER

CROSS-REFERENCES TO RELATED APPLICATIONS

The present application claims priority to US provisional
patent application 62/338,115 to Yossi GROSS et al., filed May 18,
2016, and entitled "HELICAL CATHETER," which is incorporated herein

by reference.

FIELD OF THE INVENTION
Applications of the present invention relate generally to
ablation of tissue. Some applications of the present invention

relate more specifically to ablation of tissue of the renal artery.

BACKGROUND
Hypertension 1is a prevalent condition 1in the general
population, particularly in older individuals. Sympathetic nervous
pathways, such as those involving the renal nerve, are known to play
a role in regulating blood pressure. Ablation of renal nerve tissue

from the renal artery is a known technique for treating hypertension.

SUMMARY OF THE INVENTION

Apparatus and methods are provided for improving nerve ablation
procedures, including 1inter alia by reducing the number of steps,
the number of movements, and/or the amount of time required. The
apparatus and methods may be particularly useful for renal nerve
ablation procedures. For some applications, ablative current is
applied by one electrode and excitatory current is applied by another
electrode, without it being necessary to move the electrodes. The
electrodes are then moved in a stepwise procession through the artery

with which the nerve is associated.

Also described are techniques for applying current to the wall
of an artery in a manner that emulates monopolar current application,

but without the use of a skin-based return electrode.



10

15

20

25

30

WO 2017/199240 PCT/IL2017/050533

There is therefore provided, in accordance with an application
of the present invention, a method, including:

advancing into a blood vessel of a subject a distal portion of
a longitudinal member having a plurality of electrodes disposed
thereon, such that a first electrode of the plurality of electrodes
is disposed at a starting position, the first electrode being
disposed, along the distal portion, distally to a second electrode
of the plurality of electrodes;

using a controller to drive the first electrode to apply an
ablative current;

using the controller to drive the second electrode to apply an
excitatory current; and

subsequently, moving the 1longitudinal member distally such
that the second electrode moves toward the starting position of the
first electrode, and stops at the starting position of the first

electrode.

In an application, the distal portion of the longitudinal
member has an operational shape in which it is curved to define a
helix, the plurality of electrodes are distributed in a helical
arrangement along the distal portion of the longitudinal member, and
the step of moving the longitudinal member distally includes moving
the longitudinal member distally and rotating at least the distal
portion of the longitudinal member such that the second electrode
moves toward the starting position of the first electrode, and stops

at the starting position of the first electrode.

In an application, the method further includes, subsequently
to the step of moving the longitudinal member:

using the controller to drive the first electrode to apply an
ablative current to tissue distal to the starting position of the

first electrode; and
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using the controller to drive the second electrode to apply an
excitatory current to tissue at the starting position of the first

electrode.

There is further provided, in accordance with an application
of the present invention, apparatus for use with a blood vessel of
a subject, the apparatus including:

a longitudinal member, having a distal portion that is
transluminally advanceable into the blood vessel;

a plurality of electrodes disposed on the distal portion of
the longitudinal member, such that a first electrode of the plurality
of electrodes is disposed distally along the longitudinal member
from a second electrode of the plurality of electrodes; and

a controller, including:

circuitry electrically connected to the electrodes via
the longitudinal member, and

an actuator, mechanically connected to the longitudinal
member, and configured to move the longitudinal member in
discrete incremental movements such that for each incremental
movement, (a) before the incremental movement the first
electrode is disposed in a starting position, (b) during each
incremental movement the actuator moves second electrode

toward the starting position of the first electrode, and (c)

at the end of each incremental movement the second electrode

is stationary at the starting position of the first electrode.

In an application:

the plurality of electrodes includes a third electrode and a
fourth electrode,

the third electrode is disposed distally along the longitudinal
member from the fourth electrode, and

the actuator is configured to move the longitudinal member in

incremental movements such that for each incremental movement, (a)
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before the incremental movement the third electrode is disposed in
a starting position, (b) during each incremental movement the
actuator moves fourth electrode toward the starting position of the
third electrode, and (c) at the end of each incremental movement the
fourth electrode is stationary at the starting position of the third

electrode.

In an application:

the plurality of electrodes includes a third electrode and a
fourth electrode,

the third electrode is disposed distally along the longitudinal
member from the fourth electrode, and

the actuator is configured to move the longitudinal member in
incremental movements such that for each incremental movement, (a)
before the incremental movement the third electrode is disposed in
a starting position, (b) during each incremental movement the
actuator moves fourth electrode toward the starting position of the
third electrode, and (c) at the end of each incremental movement the
fourth electrode is stationary at the starting position of the third
electrode,
wherein the circuitry 1is configured to, after each incremental
movement, drive the first and third electrodes to apply ablative
current, and to drive the second and fourth electrodes to apply

excitatory current.

In an application, the distal portion of the longitudinal
member has an operational shape in which it is curved to define a
helix, the plurality of electrodes is distributed in a helical
arrangement along the distal portion of the longitudinal member, and
the actuator is configured to move the second electrode into the
starting position of the first electrode by advancing and rotating

the longitudinal member.

In an application, the actuator includes a servomotor.



10

15

20

25

WO 2017/199240 PCT/IL2017/050533

In an application, the circuitry is configured to drive the
first electrode to apply ablative current, and to drive the second

electrode to apply excitatory current.

In an application, the circuitry is configured to drive the
first electrode to apply ablative current, and to drive the second
electrode to apply excitatory current after each incremental

movement.

In an application, the circuitry is configured to configure

the ablative current to have a frequency of 450-550 kHz.

In an application, the circuitry is configured to configure

the excitatory current to have a frequency of 20-500 Hz.

In an application, the circuitry is configured to drive the
first electrode to apply the ablative current independently from

driving the excitatory current.

There is further provided, in accordance with an application
of the present invention, apparatus for use with a blood vessel of
a subject, the apparatus including:

a longitudinal member, having a distal portion that is
transluminally advanceable into the blood vessel;

a plurality of electrodes disposed on the distal portion of
the longitudinal member; and

a controller, including circuitry electrically connected to
the electrodes via the longitudinal member, and having:

a first state in which the controller drives one of
the electrodes to apply ablative current, and configures
the other electrodes not to serve as return electrodes
for the ablative current, and

a second state in which the controller drives one

of the electrodes to apply ablative current, and
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configures more than one of the other electrodes to serve

as return electrodes for the ablative current.

In an application, the distal portion of the longitudinal
member has an operational shape in which it is curved to define a
helix, and the plurality of electrodes are distributed in a helical

arrangement along the distal portion of the longitudinal member.

In an application, the controller has a third state in which
the controller drives one of the electrodes to apply ablative
current, and configures more than one of the other electrodes to
serve as return electrodes for the ablative current, wherein one of
the electrodes that serves as a return electrode in the third state
is the electrode that in the second state the controller drives to

apply ablative current.

In an application, the electrode that in the first state the
controller drives to apply ablative current is the same electrode
as the electrode that in the second state the controller drives to

apply ablative current.

In an application, the controller has another state in which
the controller drives one of the electrodes to apply ablative
current, and configures only one of the other electrodes to serve

as a return electrode for the ablative current.

In an application, in the first state, the controller is
configured to configure the ablative current to have a frequency of

450-550 kHz, and a power of 1-7 W.

The present invention will be more fully understood from the
following detailed description of applications thereof, taken

together with the drawings, in which:
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BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A, 1B, 1C, and 1D are schematic illustrations of a
method for use with a blood vessel of a subject, in accordance with

some applications of the invention;

Figs. 2A and 2B are schematic illustrations of a system for
use with a blood vessel of a subject, in accordance with some

applications of the invention; and

Figs. 3A, 3B, and 3C are schematic illustrations of a system
for use with a blood vessel of a subject, in accordance with some

applications of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

It is possible to use an excitatory current (i.e., a current
configured to induce action potentials in nerve tissue) in order to
locate renal nerves, and to monitor the progress of ablation of
these nerves. Changes in one or more physiological parameters of
the subject in response to the excitatory current indicate that the
electrode used to apply the excitatory current is in proximity to a
renal nerve, and that renal nerve 1is still at 1least partly
functioning. Such parameters are typically related to blood
pressure and/or heart rate. Techniques for locating and/or
monitoring ablation of renal nerves (and other nerves) are described
in the following patent applications, which are incorporated herein

by reference:

e PCT application publication WO 2014/068577 to Gross et
al., filed November 3, 2013, and entitled "Controlled

tissue ablation,”

e PCT application publication WO 2015/170281 to Gross et
al., filed May 7, 2015, and entitled "Controlled tissue

ablation techniques,"”
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e US patent application 14/794,737 to Gross et al., filed
July 8, 2015, and entitled "Electrical signal-based

electrode-tissue contact Detection,’

US 2017/0007157,

which published as

e US patent application 14/972,756 to Gross et al., filed
December 17, 2015, and entitled "Transluminal electrode

catheters, ™

e US patent application 15/001,615 to Gross et al., filed
January 20, 2016, and entitled "Catheter guidance and

procedure planning," and

e US patent application 15/147,081 to Gross et al., filed
May 5, 2016 and entitled "Techniques for use with nerve

tissue.™

Such techniques may be time-consuming, e.g., because multiple
excitations and/or ablations are typically required, because
frequent repositioning of the electrode catheter is typically
required, and because it 1is typically necessary to allow the
parameter(s) being measured to return to baseline before the next

application of current.

Reference 1is made to Figs. 1A-D, which are schematic
illustrations of a method for use with a blood vessel (e.g., a renal
artery) 10 of a subject, in accordance with some applications of the
invention. The method is hypothesized to reduce the number of steps
required for a nerve-locating and/or nerve-ablating procedure by
facilitating the application of ablative and excitatory current to
artery 10 without movement of the electrode catheter. The method
involves iteratively moving an electrode (e.g., an excitatory
electrode) into the position within artery 10 that another electrode

previously occupied.
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An electrode catheter 30 comprises a longitudinal member 32,
which has a distal portion 34 that is transluminally advanceable
into blood vessel 10, and a proximal portion 36. Catheter 30 further
comprises a plurality of electrodes 38 (e.g., a first electrode 38a,
a second electrode 38b, a third electrode 38c, and a fourth electrode
38d) disposed on distal portion 34, typically distributed along
member 32. For example, electrode 38a is disposed distally along
longitudinal member 32 from electrode 38b. For example, along distal
portion 34, electrode 38a is disposed distally to electrode 38b,
which 1is disposed distally to electrode 38c, which is disposed

distally to electrode 38d.

It is to be noted that, although catheter 30 is shown having
four electrodes, for some applications the catheter comprises a
different number of electrodes, such as two, three, five, six, seven,
eight, or more. Similarly, although the helical shape of distal
portion 34 is shown as having one helical turn, it may have more
than one helical turn. Catheter 30 may in fact have more than one
helical turn with more than four electrodes arranged in more than

one helical turn along distal portion 34.

Distal portion 34 of longitudinal member 32 is advanced into
blood vessel 10, such that a first electrode 38a of the plurality
of electrodes is disposed at a starting position 12 of that electrode
(Fig. 1A). (It is to be noted that the term "starting position™
(including in the specification and in the <claims) does not
necessarily mean the first position in which the electrode is
disposed after entering artery 10.) A controller 40 comprises
control circuitry 42, which is electrically connected to electrodes
38 via longitudinal member 32. Controller 40 is used (e.g., by an
operating physician) (i) to drive electrode 38a to apply an ablative
current (i.e., to tissue adjacent to the electrode), and (ii) to
drive electrode 38b to apply an excitatory current (i.e., to tissue

adjacent to the electrode). The ablative and excitatory currents

9
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are therefore applied while catheter 30 and its electrodes remain
in the same position. For some applications, the ablative and
excitatory currents are applied generally at the same time. For
some applications, the ablative and excitatory currents are applied
independently of each other. A response of one or more physiological

parameters to the excitatory current is measured.

Controller 40 is typically a programmed digital computing
device comprising a central processing unit (CPU), random access
memory (RAM), non-volatile secondary storage, such as a hard drive
or CD ROM drive, network interfaces, and/or peripheral devices.
Program code, including software programs, and/or data are loaded
into the RAM for execution and processing by the CPU and results are
generated for display, output, transmittal, or storage, as is known
in the art. Such program code and/or data, when provided to the
controller, produce a machine or special-purpose computer,
configured to perform the tasks described herein. Controller 40
further comprises a user interface (UI) 46 via which the operating
physician interacts with (e.g., operates) the controller. For
example, UI 46 may comprise one or more input devices (e.g., buttons
and/or levers) and/or one or more output devices (e.g., dials and/or
displays). For some applications, controller 40 is electrically
connected to a blood pressure sensor (which may be disposed on
longitudinal member 32; not shown), and receives blood pressure
measurements, thereby facilitating the identification and/or
quantification of the response of the one or more physiological

parameters to the excitatory current.

Longitudinal member 32 1is subsequently moved distally such
that electrode 38b moves toward the starting position 12 of electrode
38a, and stops there (Fig. 1B). As shown, this also causes electrode
38a to move into a new position 14, electrode 38c to move into the
starting position of electrode 38b, and electrode 38d to move into

the starting position of electrode 38d. In this position, controller

10
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40 is again used (i) to drive electrode 38a to apply an ablative
current, and (ii) to drive electrode 38b to apply an excitatory
current, and again, a response of one or more physiological
parameters to the excitatory current is measured. As described
hereinabove, the ablative and excitatory currents are applied while
catheter 30 and its electrodes remain in the same position (and
optionally generally at the same time). This reduces the number of
steps (and therefore time) required, compared to a similar procedure
in which it is necessary to move the electrode catheter between each

application of current.
Figs. 1C and 1D show further iterative steps in this process.

For some applications, the movement of longitudinal member 32
distally is performed manually. For some such applications, the
longitudinal member (e.g., proximal portion 36 thereof) has markers
that are spaced according to the spacing of electrodes 38, such that
the operating physician can advance the longitudinal member by one
marker, knowing that this will place each electrode in the position
that was previously occupied by another electrode. For some
applications (e.g., as described hereinbelow with reference to Figs.
2A-B) the movement of longitudinal member 32 distally is at least
partly automated.

For some applications, and as shown, distal portion 34 of
longitudinal member 32 has an operational shape in which it is curved
to define a helix, and electrodes 38, which are distributed along
distal portion 34, are thereby distributed in a helical arrangement.
This is hypothesized to facilitate ablation at many circumferential
positions around artery 10, but without ablating in a closed circle,
which for some applications may cause narrowing and/or weakening of
the artery. For such applications, the step of moving the
longitudinal member 32 distally comprises moving the longitudinal

member distally and rotating at least distal portion 34 such that

11
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electrode 38b moves (e.g., in a helical path) toward the starting

position of electrode 38a, and stops there.

For some applications, the step of moving longitudinal member
32 distally comprises moving the 1longitudinal member distally
without rotating distal portion 34. For some such applications,
distal portion 34 may be helical, as shown. Alternatively, for some
such applications distal portion 34 may have a different form, such

as a basket or balloon.

The above description of the method shown in Figs. 1A-D relates
to two electrodes. As described hereinabove, catheter 30 may
comprise a different number of electrodes (e.g., four electrodes,
as shown). The method described with reference to Figs. 1A-D is
also applicable to such numbers of electrodes. Two such applications

are as follows:

(1) More proximal electrodes may be used to repeat the
ablation-excitation process at a given site on artery 10. For
example, if it 1is determined that the physiological parameter
responds to the excitatory current applied by electrode 38b to
starting position 12 (Fig. 1B), another application of ablative
current may be applied via electrode 38c when it is disposed at
position 12 (Fig. 1C), and another application of excitatory current
may be subsequently applied via electrode 38d when that electrode
is disposed at position 12 (Fig. 1D).

(2) More than one electrode may be used to apply a current.
That is, application of the ablative and/or excitatory current may
be performed in a bipolar manner. For example, ablative current may
be applied between electrodes 38a and 38c, and excitatory current

may be applied between electrodes 38b and 38d.

For some applications, the ablative current has a frequency of
450-550 kHz and/or a power of 1-7 W. For some applications, the

ablative current has a sinusoidal waveform.

12
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For some applications, the excitatory current has a frequency
of 20-500 Hz and/or a stimulation amplitude of 1-50 mA. For some

applications, the excitatory current has a rectangular waveform.

Reference is now made to Figs. 2A-B, which are schematic
illustrations of a system 20 for use with artery 10 of a subject,
in accordance with some applications of the invention. System 20
comprises electrode catheter 30 and a controller 60 for the electrode
catheter. Controller 60 is typically as described for controller
40, except where noted. System 20 is typically used to facilitate
the method described with reference to Figs. 1A-D, and/or methods

similar thereto.

Controller 60 comprises control circuitry 62, which 1is
electrically connected to electrodes 38 via longitudinal member 32.
Controller 60 also comprises a user interface (UI) 66, via which the
operating physician interacts with the controller. Controller 60
further comprises an actuator 64, which is mechanically connected
to longitudinal member 32, and is configured to move the longitudinal
member in discrete incremental movements such that for each
incremental movement, (a) before the incremental movement the first
electrode is disposed in a starting position, (b) during each
incremental movement the actuator moves second electrode toward the
starting position of the first electrode, and (c) at the end of each
incremental movement the second electrode 1is stationary at the

starting position of the first electrode.

In order to perform the movements of catheter 30 described
with reference to Figs. 1A-D, the operating physician triggers
actuator 64 (e.g., via UI 66) such that the actuator moves
longitudinal member 32 the discrete increment (e.g., distally, or
distally and rotationally). The arrows in Fig. 2B show the movement
of longitudinal member 32 and electrodes 38 during the discrete

incremental movement that will occur when the operating physician

13
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next triggers actuator 64. Each incremental movement is typically
pre-determined, e.g., based on known dimensions of longitudinal
member 32 and spacing of electrodes 38. For some applications,
actuator 64 comprises a servomotor. The use of controller 60 to
automatically move the longitudinal member such that each electrode
moves into the position that the electrode distal to it previously
occupied, reduces the requirement for imaging (e.g., fluoroscopy)

during the procedure.

The applications of ablative and excitatory currents are also

typically applied by the operating physician via UI 66.

Reference is again made to Figs. 1A-2B. For some applications,
the electrodes are differently configured for application of
ablative or excitatory currents. For some applications, all the
electrodes are identical other than in their respective connection
to the controller, which differentially drives the electrodes to

apply the respective type of current.

Catheter 30 is described as having its distalmost electrode
(electrode 38a) apply ablative current, and for the electrode
proximal to that (electrode 38b) apply excitatory current. However,
for some applications, the distalmost electrode applies excitatory
current, and the electrode proximal to that applies ablative
current. For example, the controller may drive electrode 38a to
apply excitatory current, electrode 38b to apply ablative current,
electrode 38c to apply excitatory current, and so on. For such
applications, each site in artery 10 is thereby tested (by applying
excitatory current and measuring the physiological response) before
any ablative current is applied to it, thereby reducing the number
of unnecessary applications of ablative current. An exemplary

procedure may be as follows:

(1) Distal portion 34 of longitudinal member 32 is advanced

into artery 10, electrode 38a is driven to apply excitatory current.

14
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If the physiological response to the excitatory current is
insufficient or absent, the catheter is repositioned (e.g., advanced
distally) and excitatory current is reapplied via electrode 38a,
iteratively until a sufficient physiological response is detected,
indicating that electrode 38a is in proximity to a viable renal
nerve. For this example, let the position of electrode 38a in which

it successfully excited the nerve, be called position A.

(2) Distal portion 34 is advanced distally such that electrode
38b moves to and stops at position A, and electrode 38a moves to and

stops at a new position B.

(3) Electrode 38a is driven to apply excitatory current at
position B, and electrode 38b is driven to apply ablative current
at position A. Typically, distal portion 34 is not moved between
the application of these two currents. For some applications, these
two currents are applied at generally the same time. Therefore,
electrode 38a tests position B, and electrode 38b ablates at position
A, without it being necessary to move catheter 30 between these

functions being performed.

(4) Distal portion 34 is advanced distally, such that electrode
38a moves to a new position C, electrode 38b moves to position B,

and electrode 38c moves to position A.

(5) Electrode 38a is driven to apply excitatory current at
position C, and electrode 38c is driven to apply excitatory current
at position A. Additionally, if the previous excitation by electrode
38a at position B successfully affected the physiological parameter,
then electrode 38b is driven to apply ablative current at position
B. Typically, distal portion 34 is not moved between the application
of these two or three currents. For some applications, these two
or three currents are applied at generally the same time. Therefore,
electrode 38a tests position C, electrode 38c re-tests position A

(to see if the ablative current successfully denervated that

15
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location), and optionally electrode 38b ablates at position B,
without it being necessary to move catheter 30 between these

functions being performed.

These steps are iteratively repeated along the artery, e.g.,
to positions D, E, F, G, and so on. For applications in which
another electrode, disposed proximally from electrode 38c, is
configured to apply ablative current (e.g., electrode 38d), if the
re-testing of position A by electrode 38c determines that the first
ablation of position A by electrode 38a was unsuccessful, then this
other electrode may be used to re-apply ablative current at position
A. Increasing the number of ablating and exciting electrodes along
distal portion 34 allows an increased number of re-testing and re-

ablating steps using this technique.

Reference 1is made to Figs. 3A-C, which are schematic
illustrations of a system 70 for use with artery 10 of a subject,
in accordance with some applications of the invention. System 70
comprises electrode catheter 30 and a controller 80 for the electrode
catheter. Alternatively, system 70 may comprise a different
electrode catheter. Controller 80 is typically as described for
controller 60, except where noted. Controller 80 comprises control
circuitry 82, which is electrically connected to electrodes 38 via
longitudinal member 32. Controller 80 also comprises a UI 86, via
which the operating physician interacts with the controller.
Controller 80 may or may not comprise actuator 64 (described
hereinabove).

Controller 80 has a first state in which it drives one of
electrodes 38 to apply ablative current, and configures the other
electrodes not to serve as return electrodes for the ablative
current. (It is to be noted that in this context the terms first
state, second state, third state etc. are used to facilitate
reference to the different states, and should not be understood as

implying a particular order in which these states occur or are used).

16
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Fig. 3A shows system 70 with controller 80 in the first state,
driving electrode 38b to apply ablative current, with electrodes
38a, 38c, and 38d not serving as return electrodes. 1In the first
state, a skin-mounted return electrode is typically used. The
ablative current is represented by dotted arrows, moving deeper into
the surrounding tissue, e.g., toward the skin-mounted return
electrode. This is typically referred to as monopolar ablation.

It is understood by the inventors that for some sites within
a particular renal artery, monopolar ablation is preferable, and for
some sites, bipolar ablation is preferable. For some applications,
this is determined during the excitation steps described
hereinabove, and/or during procedures described in the patent
applications cited hereinabove, and incorporated herein by
reference.

Controller 80 has a second state in which it drives one of
electrodes 38 to apply ablative current, and configures more than
one of the other electrodes to serve as return electrodes for the
ablative current. Fig. 3B shows system 70 with controller 80 in the
second state, driving electrode 38b to apply ablative current, with
electrodes 38a, 38c, and 38d serving as return electrodes. The
ablative current is represented by dotted arrows, moving from
electrode 38b toward the three return electrodes. In classical
bipolar ablation, ablative current is driven between two electrodes,
and current-density at the return electrode is typically similar to
that at the current-applying electrode. Frequently, the resulting
lesion may extend between the two electrodes, or a separate lesion
may be formed at the return electrode. 1In the second state of
controller 80, the current applied by the current-applying electrode
(electrode 38b) spreads toward the more-than-one return electrodes,
such that the current-density at each of the return electrodes is
lower than at the current-applying electrode. It is hypothesized

by the inventors that the effect of this technique is similar to
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that of monopolar ablation, but advantageously doesn't require a
skin-mounted electrode. Control and reliability are improved
because the distance and tissue between the current-applying
electrode and the return electrodes is less variable than with a
skin-mounted return electrode. Additionally, in contrast to bipolar
ablation, the spreading of current to more than one return electrodes

reduces a likelihood of causing extended and/or secondary lesions.

For some applications, the same electrode (as shown, electrode
38b) is driven to apply the ablative current in both the first and

second states.

For some applications, controller 80 has a third state in which
it drives one of electrodes 38 to apply ablative current, and
configures more than one of the other electrodes to serve as return
electrodes for the ablative current. One of the electrodes that
serves as a return electrode in the third state is the electrode
that in the second state controller 80 drives to apply ablative
current. Fig. 3C shows system 70 with controller 80 in the third
state, driving electrode 38c to apply ablative current, with

electrode 38b serving as one of the return electrodes.

For some applications, controller 80 has another state in which
only one of the other electrodes serves as a return electrode,

thereby performing classical bipolar ablation.

Although the techniques described with reference to Figs. 3A-
C refer to application of ablative current, these same techniques

may be used for application of excitatory current, mutatis mutandis.

Reference is again made to Figs. 1A-3C. Although the apparatus
and methods described herein are described for iteratively moving
distal portion 34 in a distal direction (e.g., from an ostium of
renal artery 10 toward a kidney), they may alternatively be used by

moving the distal portion in a proximal direction, mutatis mutandis.
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Reference is again made to Figs. 1A-3C. Although not shown,
distal portion 34 is typically drawn toward its central longitudinal
axis (and thereby away from the wall of artery 10) before each
movement being moved distally (or proximally) through the artery.
For example, when distal portion 34 is helical, this is typically
achieved by straightening the helix. For some applications, distal
portion 34 is biased to assume a relatively straight shape, and
assumes its helical shape upon insertion of a pre-shaped rod into

the distal portion.

Reference is again made to Figs. 1A-3C. For some applications
electrodes 38 are rings that circumscribe longitudinal member 32.
For some applications, electrodes 38 do not <circumscribe
longitudinal member 32, and instead are disposed on the longitudinal
member such that when distal portion 34 assumes the helical shape,
they are disposed radially outward from the longitudinal member such

that they face the wall of the blood vessel.

It will be appreciated by persons skilled in the art that the
present invention is not limited to what has been particularly shown
and described hereinabove. Rather, the scope of the present
invention includes both combinations and subcombinations of the
various features described hereinabove, as well as variations and
modifications thereof that are not in the prior art, which would
occur to persons skilled in the art upon reading the foregoing

description.
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CLAIMS

1. Apparatus for use with a blood vessel of a subject, the
apparatus comprising:

a longitudinal member, having a distal portion that is
transluminally advanceable into the blood vessel;

a plurality of electrodes disposed on the distal portion of
the longitudinal member, such that a first electrode of the plurality
of electrodes is disposed distally along the longitudinal member
from a second electrode of the plurality of electrodes; and

a controller, comprising:

circuitry electrically connected to the electrodes via
the longitudinal member, and

an actuator, mechanically connected to the longitudinal
member, and configured to move the longitudinal member in
discrete incremental movements such that for each incremental
movement, (a) before the incremental movement the first
electrode is disposed in a starting position, (b) during each
incremental movement the actuator moves second electrode

toward the starting position of the first electrode, and (c)

at the end of each incremental movement the second electrode

is stationary at the starting position of the first electrode.

2. The apparatus according to claim 1, wherein:

the plurality of electrodes comprises a third electrode and a
fourth electrode,

the third electrode is disposed distally along the longitudinal
member from the fourth electrode, and

the actuator is configured to move the longitudinal member in
incremental movements such that for each incremental movement, (a)
before the incremental movement the third electrode is disposed in
a starting position, (b) during each incremental movement the
actuator moves fourth electrode toward the starting position of the

third electrode, and (c) at the end of each incremental movement the
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fourth electrode is stationary at the starting position of the third

electrode.

3. The apparatus according to claim 1, wherein:

the plurality of electrodes comprises a third electrode and a
fourth electrode,

the third electrode is disposed distally along the longitudinal
member from the fourth electrode, and

the actuator is configured to move the longitudinal member in
incremental movements such that for each incremental movement, (a)
before the incremental movement the third electrode is disposed in
a starting position, (b) during each incremental movement the
actuator moves fourth electrode toward the starting position of the
third electrode, and (c) at the end of each incremental movement the
fourth electrode is stationary at the starting position of the third
electrode,
wherein the circuitry 1is configured to, after each incremental
movement, drive the first and third electrodes to apply ablative
current, and to drive the second and fourth electrodes to apply

excitatory current.

4. The apparatus according to claim 1, wherein the distal portion
of the longitudinal member has an operational shape in which it is
curved to define a helix, the plurality of electrodes is distributed
in a helical arrangement along the distal portion of the longitudinal
member, and the actuator is configured to move the second electrode
into the starting position of the first electrode by advancing and

rotating the longitudinal member.

5. The apparatus according to claim 1, wherein the actuator

comprises a servomotor.

6. The apparatus according to any one of claims 1-5, wherein the

circuitry 1is configured to drive the first electrode to apply
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ablative current, and to drive the second electrode to apply

excitatory current.

7. The apparatus according to claim 6, wherein the circuitry is
configured to drive the first electrode to apply ablative current,
and to drive the second electrode to apply excitatory current after

each incremental movement.

8. The apparatus according to claim 6, wherein the circuitry is
configured to configure the ablative current to have a frequency of

450-550 kHz.

9. The apparatus according to claim 6, wherein the circuitry is
configured to configure the excitatory current to have a frequency

of 20-500 Hz.

10. The apparatus according to claim 6, wherein the circuitry is
configured to drive the first electrode to apply the ablative current

independently from driving the excitatory current.

11. Apparatus for use with a blood vessel of a subject, the
apparatus comprising:

a longitudinal member, having a distal portion that is
transluminally advanceable into the blood vessel;

a plurality of electrodes disposed on the distal portion of
the longitudinal member; and

a controller, comprising circuitry electrically connected to
the electrodes via the longitudinal member, and having:

a first state in which the controller drives one of
the electrodes to apply ablative current, and configures
the other electrodes not to serve as return electrodes
for the ablative current, and

a second state in which the controller drives one

of the electrodes to apply ablative current, and
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configures more than one of the other electrodes to serve

as return electrodes for the ablative current.

12. The apparatus according to claim 11, wherein the distal portion
of the longitudinal member has an operational shape in which it is
curved to define a helix, and the plurality of electrodes are
distributed in a helical arrangement along the distal portion of the

longitudinal member.

13. The apparatus according to claim 11, wherein the controller
has a third state in which the controller drives one of the
electrodes to apply ablative current, and configures more than one
of the other electrodes to serve as return electrodes for the
ablative current, wherein one of the electrodes that serves as a
return electrode in the third state is the electrode that in the

second state the controller drives to apply ablative current.

14. The apparatus according to claim 11, wherein the electrode
that in the first state the controller drives to apply ablative
current is the same electrode as the electrode that in the second

state the controller drives to apply ablative current.

15. The apparatus according to claim 11, wherein the controller
has another state in which the controller drives one of the
electrodes to apply ablative current, and configures only one of the
other electrodes to serve as a return electrode for the ablative

current.

16. The apparatus according to any one of claims 11-15, wherein in
the first state, the controller is configured to configure the
ablative current to have a frequency of 450-550 kHz, and a power of

1-7 W.

17. A method, comprising:
advancing into a blood vessel of a subject a distal portion of

a longitudinal member having a plurality of electrodes disposed
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thereon, such that a first electrode of the plurality of electrodes
is disposed at a starting position, the first electrode being
disposed, along the distal portion, distally to a second electrode
of the plurality of electrodes;

using a controller to drive the first electrode to apply an
ablative current;

using the controller to drive the second electrode to apply an
excitatory current; and

subsequently, moving the 1longitudinal member distally such
that the second electrode moves toward the starting position of the
first electrode, and stops at the starting position of the first

electrode.

18. The method according to claim 17, wherein the distal portion
of the longitudinal member has an operational shape in which it is
curved to define a helix, the plurality of electrodes are distributed
in a helical arrangement along the distal portion of the longitudinal
member, and the step of moving the longitudinal member distally
comprises moving the longitudinal member distally and rotating at
least the distal portion of the longitudinal member such that the
second electrode moves toward the starting position of the first

electrode, and stops at the starting position of the first electrode.

19. The method according to any one of claims 17-18, further
comprising, subsequently to the step of moving the longitudinal
member:

using the controller to drive the first electrode to apply an
ablative current to tissue distal to the starting position of the
first electrode; and

using the controller to drive the second electrode to apply an
excitatory current to tissue at the starting position of the first

electrode.
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