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(57) Abstract: An electrosurgical device (300) comprising a means for impeding flow for delivering energy to a region of tissue
& The device comprises an electrically conductive probe (312) with an insulated portion (314) and an active portion (316). The probe
& may be used to deliver energy to a patient's body and may be connected to a cable (304) withm a hub (310). The active portion
comprises at least one insulated region (318) and at least two electrically conductive and exposed regions (320). As such, the probe
may be said to have three regions of electrical discontinuity. The position of insulated regions (318) or the lengths of insulated
regions may be variable during the course of a treatment procedure. The device may be used in a method of treating the sacroiliac

region of a patient's body.
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Electrosurgical device and method

REFERENCES TO PARENT AND CO-PENDING APPLICATIONS

[0001] This application claims priority from and is a continuation-in-
part of co-pending U.S. patent application No. 11/280,604, filed
November 15, 2005. In addition, this application claims the benefit of:
U.S. provisional application No. 60/593,839, filed February 17, 2005; U.S.
provisional application No. 60/594,787, filed May 5, 2005; U.S.
provisional application No. 60/595,426, filed July 4, 2005; U.S. provisional
application No. 60/595,559, filed July 14, 2005; and U.S. provisional
application No. 60/595,560, filed July 14, 2005. The aforementioned

applications are all herein incorporated by reference.

TECHNICAL FIELD
[0002] The invention relates to a device and method for
electrosurgery and more specifically for delivering energy or other

matter to a region of a patient's body, including the sacroiliac region.

BACKGROUND OF THE ART

[0003] Ferrante et al. (Radiofrequency Sacroiliac Joint Denervation for
Sacroiliac Syndrome; Regional Anaesthesia and Pain Medicine, Vol. 26,
No. 2, pp.137-142, March-April 2001, which is incorporated herein by
reference) describe the creation of a strip lesion along the long axis of
the posterior sacroiliac (SI) joint using Radiofrequency (RF) energy.
Multiple probes are inserted along the joint margin and energy is
delivered in a bipolar configuration. Such an approach requires
mulfiple probe insertions and requires relatively precise probe
placement in order to ensure adequate lesioning between the bipolar
probes. Gevargez et al. (CT-Guided Percutaneous Radiofrequency
Denervation of the Sacroiliac Joint; Eur Radiol (2002) 12:1360-1365,
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which is incorporated herein by reference) describe the creation of a
strip lesion through the interosseous ligament surrounding the SI joint
using RF energy. This approach, as detailed therein, requires multiple
energy delivery and repositioning steps and does not allow for the
creation of a lesion within the intra-articular space of the $! joint itself.
Yin et al. (Sensory Stimulation-Guided Sacroiliac Joint Radiofrequency
Neurotonomy: Technique based on Neuroanatomy of the Dorsal Sacral
Plexus; (2003) SPINE, Vol. 28, No. 20, pp. 2419-2425, which is
incorporated herein by reference) advocate lesioning a single branch
of a sacral nefve as it exits the sacral foramina. The procedure
described by Yin et al. may require a relatively skiled user due to the
approach involved. In addition, the procedure detailed therein is time
consuming as it involves multiple steps of probe re-positioning and
neural stimulation in order to locate a single symptomatic nerve
branch. Furthermore, this procedure does not allow for the creation of
a strip lesion nor does it allow for the creation of a lesion within the Sl
joint. Thus, it would be desirable to have a procedure to treat the Sl
region using energy delivery that overcomes some or all of the

limitations of the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] In order that the invention may be readily understood,
embodiments of the invention are illustrated by way of examples in the

accompanying drawings, in which:

[0005] Figure 1 is an illustration of the location of a sacral neural

crescent in a patient's body;

[0006] Figure 2 shows an illustrative plot of an example of substantially

homogeneous energy delivery;
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[0007] Figure 3 is a side view illustration of one embodiment of an

apparatus of the present invention;

[0008] Figures 4-6 are side view illustrations of alternate embodiments

of a probe of the present invention;

[0009] Figure 7 is a longitudinal cross section through the middle of an

alternate embodiment of a probe of the present invention:

[0010] Figure 8 shows an embodiment of a system of the present

invention;

[0011] Figure 9 is an illustration of a sacroilioc region of a patient's
body, showing one application of a method embodiment of the

present invention; and

[0012] Figures 10A to 10C illustrate alternate embodiments of a

method of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0013] As used herein, the term 'sacroiliac region' refers to the region
of the patient's body comprising the sacrum and ilium and their

arficulation (including the sacroiliac joints) or associated ligaments.

[0014] Furthermore, as used herein, the 'sacral neural crescent' refers
to an area lateral to each of the sacral foramina, through which the
sacral nerves are believed to pass after exiting the foramina. On the
dorsal right side of the sacrum, this window is fromvobou’r 12 o'clock to
about é o'clock in a clockwise direction, while on the dorsal left side of

the sacrum the window is from about 6 o'clock to about 12 o'clock in a
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clockwise direction. Similar (but in the counter-clockwise direction)
areas exist on the ventral side of the sacrum. The clock positions are
referenced as if the foramen is viewed as a clock face, and the view is
taken looking towards the sacrum. For reference, the 12 o'clock
position of the clock face would be the most cephalad (towards the
head) point of the foramen. Figure 1 illustrates the position of two
sacral neural crescents 110 on the dorsalright side of the sacrum 100.
As can be seen, sacral nerves 104 and lateral branches 106 exit each
of the sacral foramina 102 and pass through sacral neural crescents
110.

[0015] With specific reference now to the drawings in detail, it is
stressed that the particulars shown are by way of example and for
purposes of lllustrative discussion of embodiments of the present
invention only, and are presented in the cause of providing what is
believed to be the most useful and readily understood description of
the principles and conceptual aspects of the invention. In this regard,
no attempt is made to show structural details of the invention in more
detail than is necessary for a fundamental understanding of the
invention, the description taken with the drawings making apparent to
those skilled in the art how the several forms of the invention may be

embodied in practice.

[0016] Before explaining at least one embodiment of the invention in
detail, it is to be understood that the invention is not limited in ifs
application to the details of construction and the arrangement of the
components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments or of being
practiced or carried out in various ways. Also, it is to be understood
that the phraseology and terminology employed herein is for the

purpose of description and should not be regarded as limiting.
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Theory

[0017] Before explaining the structure in detail, it would be beneficial
to illustrate a proposed theoretical concept underlying the function of
the present invention. It is important to note that, although the theory
being presented is currently believed to be true and accurate, the
invention should not be limited by this or any other theory of operation.
Rather, the breadth of the invention as will be presently described is

intended to be limited only by the scope of the appended claims.

Current Density

[0018] The distribution of electrical current, i.e. the current density,
arising from a radiating source such as an electrical conductor, is
governed by several mathematical formulae, including Laplace's
equation and Maxwell's equations. It is postulated that when an
electrical conductor has regions of abrupt disruptions of conductivity
(i.e. electrical discontinuity), these equations dictate that the current
density in the vicinity of those regions will be higher than the current
density found around other regions of the conductor. The term
‘electrical discontinuity' may refer to any feature of a probe or other
electrical device that may affect energy delivery from the surface of
the probe to a surrounding environment. For example, an insulating
material coating one or more regions of the active portion of a probe
would result in an electrical discontinuity since energy delivery from the
portion of the probe located around the insulating material is affected
by the insulating material.  Furthermore, notches or other surface
iregularities in the active portion may also be considered to be
electrical discontinuities, since they also may affect the delivery of
energy from the surface of the probe to the surrounding environment.

As another example, a distal end of a probe is considered to be an
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‘electrical discontinuity' if there is a disruption of energy delivery from
the surface of the probe to the surrounding environment about the

distal end of the probe.

[0019] This phenomenon may be referred to as an '‘edge effect' and
the regions of high current density may be referred to as 'hot spots'. So,
for example, the current density in the vicinity of an interface between
a conductive region and an electrically insulated region of an
electrosurgical probe, may be higher than in the vicinity of the
continuously conductive region of the probe, resulting in a localized
'hot spot' near the insulator/conductor interface. The temperature of
tissue in the vicinity of a certain region of the probe may be

proportional fo the current density in that region.

[0020] A similar concept may be applied to devices that rely on fluid
(rather than electrical current) flow or the flow of any other matter.
Generally speaking, flow of any substance may be concentrated
around edges of the device that serves as the source of the flow. In
order to spread out the flow more effectively, especially when the flow
source is long, it may be useful to interrupt the flow in some way along
the length of the flow source, as has been described with respect o

interruption of electrical current.

Apparatus

Structure

[0021] According to one broad aspect of the present invention, a
device is presented that is capable of creating a substanftially
homogeneous lesion in a patient's body. A substantially homogeneous
lesion may refer to a continuous lesion that is created along the length

of the active portion of a probe such that substantially all portions of
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tissue within the lesion area are at a temperature within a given range,
where the range lies between an efficacious temperature (at the low
end) and a safe temperature (at the high end). For example, if fissue
must be heatfed to about 45 degrees Celsius in order to create a lesion
effective to treat a tissue, while anything above about 90 degrees
Celsius may be dangerous and damaging to the tissue, a substantially
homogeneous lesion may be a continuous lesion within which
substantially all portions of tissue have a temperature between about
45 to about 90 degrees Celsius. This concept is illustrated in Figure 2,
which shows a probe 200 and a plot 210 of a potential temperature
distribution for tissue within a lesion created along the length of probe
200. In conjunction with the understanding of a substantially
homogeneous lesion, the phrase 'Substantially homogeneous energy
delivery’ may be understood to describe the delivery of energy such

that a substantially homogeneous lesion is created.

[0022] Referring now fo Figure 3 and in accordance with one
embodiment of this aspect of the present invention, an electrosurgical
device 300 with discontinuous electrical conductivity is provided. From
a proximal to a distal end, device 300 may comprise a proximal region
302, a probe cable 304 and a distal region 306. The ferm 'proximal’ is
used to refer to a portion or region of a device or tissue that is located
closest to the user of the device, while 'distal' refers to a portion or
region of a device or tissue that is located closest to a treatment site or
furthest away from the user. Proximal region 302 may comprise an
electrical connector 308 for connecting device 300 to an energy
source (not shown). Probe cable 304 provides an .electrical
connection from electrical connector 308 to a hub 310 located in distal
region 306. Distal region 306 further comprises an electrically

conductive probe 312 with an insulated portion 314 and an active
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portion 316. The probe may be any elongate device comprising an
active portion for delivering energy which may be percutaneously
inserted into a patient's body. These devices include but are not
limited to catheters, cannulae and electrosurgical probes. For the sake
of clarity, the term probe is used throughout the specification to
describe any such device. The active portion of the probe refers to the
portion through which energy may be delivered to the surrounding
environment. The active portion may include one or more electrical
discontinuities and may, in some embodiments, for example as shown
in Figure 3, include the entire portion of the probe from the distal-most
electrically exposed and conductive surface to the proximal-most
electrically exposed and conductive surface. Active portion 316 may
be one example of an energy delivery means for delivering energy fo
a target site within a patient's body. In some embodiments, probe 312
may be substantially rigid such that the relative positions of the regions
of electrical discontinuity are not affected by the fissue being treated.
For example, in one embodiment, a substantially rigid probe won't
bend significantly if it is placed adjacent a fissue surface that is ‘curvy'
or 'bumpy'. In addition, any references to an 'insulator, 'insulating
material’ or 'insulated region’, may refer to a material or region that is at
least electrically insulated (unless otherwise stated), although it may be

thermally insulated as well.

[0023] Probe 312 may be used to deliver energy to a patient's body
and may be connected to cable 304 within hub 310. In accordance
with this embodiment of the present invention, active portion 316
comprises at least one insulated region 318 and at least two electrically
conductive and exposed regions 320, wherein the at least two
conductive regions 320 are separated by the at least one insulated

region 318. In such an embodiment, probe 312 may be said to have
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three regions of electrical discontinuity, as described above. In the
llustrated embodiment, probe 312 has seven insulated regions 318 and
eight conductive regions 320. The longitudinal length of the individual
conductive regions may vary along the length of active portion 316
and may be least near the middle of active portion 316 and greatest
nearest the two ends of active portion 316. For example, the lengths of
the eight conductive regions, from a proximal end 322 to a distal end
324 of active portion 316, may be as follows: about 8 to about 12 mm,
about 3 to about 5 mm, about 3 to about 5 mm, about 1 to about 3
mm, about 1 fo about 3 mm, about 3 to about 5 mm, about 2 to about
4 mm and about 10 to about 14 mm. Insulated regions 318 may be
about 2 to about 4 mm long and the length of active portion 316 may
be about 50 to about 80 mm. In alternate embodiments, active
porfion may be at least 10 mm in length and, more specifically, at least
15 mm in length. It should be noted that the number of insulated and
conductive regions, as well as the lengths of the conductive regions
and insulated regions, may vary and the invention is not intended to be
limited in this regard. In certain embodiments, the lengths of the
individual conductive and insulated regions may be identical, while in
ofher embodiments, including the embodiment shown in Figure 3, the
lengths may differ. In further embodiments, one or more properties of
the insulated or conductive regions may be variable during a
tfreatment procedure. For example, the position of insulated regions
318 or the lengths of insulated regions 318 may be variable during the

course of a treatment procedure.

[0024] Insulated regions 318 may comprise thin bands of insulating
material, described in more detail below, circumscribing probe 312.
The insulating material may be, for example, about 0.02 to about 0.10

mm (about 0.001 to about 0.004 inches) thick and the thickness may
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vary depending on the specific material used. In alternate
embodiments, the insulated regions may not completely circumscribe
probe 312 but may only cover about 180° of the circumference. In yet
further embodiments, the insulated regions may take on any shape
and may circumscribe any portion of probe 312 and the invention is

not limited in this regard.

[0025] Probe 312 may be straight or it may have one or more curves
or bends anywhere along its length or may have a shape that is able
to be changed, either manually or automatically. As used herein,
‘curves or bends' refers to any deviation from a longitudinal axis of
probe 312. Similarly, although the illustrated embodiment comprises a
blunt distal end 324, distal end 324 may be sharp or may take on any
other shape and the invention is not limited in this regard. In addition,
probe 312 may be solid but, in alternate embodiments, it may be

hollow and may contain one or more channels or lumens.

[0026] In the embodiment shown in Figure 3, probe 312 may be about
160 to about 260 mm in length and, more specifically, about 180 to
about 240 mm in length. Similarly, the gauge of probe 312 may be in
the range of about 16 to about 24 AWG (about 0.6 to about 1.4 mm in
diameter) and, more specifically, about 18 to about 22 AWG (about
0.7 to about 1.0 mm in diameter). However, the total length of the
probe, as well as the gauge or diameter, may vary. Furthermore,
although Figure 3 shows a hub 310, the device may or may not have a
hub depending on a user's preference and the specific infended
application of the device. In the embodiment shown in Figure 3, probe
cable 304 may be about 30 to about 90 cm in length and, more
specifically, about 45 to about 75 cm in length but this length may vary
depending on a user's requirements. Furthermore, in some

embodiments no cable may be required and the probe may

10
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communicate with an energy source through other means, such as
wireless communication.  Alternatively, the device 300 may be
intfernally-powered, for example by using a battery.  Electrical
connector 308 may be any connecting means operable to provide an
electrical connection between cable 304 and an energy source. In
one embodiment, connector 308 comprises a 4-pin medical connector
capable of being automatically identified when connected to the

energy source.

Material

[0027] According to one embodiment of the bresen’r invention, probe
312 may be fabricated from stainless steel. However, any
biocompatible and electrically conductive material, including but not
limited to nickel-titanium dlloys, may be used, depending on the
desired structural properties of the probe. For example, in applications
requiring a stiffer and stronger probe, stainless steel may be desirable,
while a nickeltitanium alloy may be used for applications requiring
superior flexibility and/or shape memory. The insulating material used
to insulate probe 312 along insulated portion 314 as well as along
insulated regions 318 may be polytetra-fluoroethylene (PTFE) but any
insulating  material, including but not limited to polyethylene
terephthalate (PET), may be used. For example, in alternate
embodiments, the insulating material may be semi-porous to allow for
some leakage of current through the insulating material. It should be
noted that different insulating materials can be used for different

portions of probe 312. For example, the insulating material used to

11
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insulate probe 312 along insulated portion 314 may or may not be the

material used to insulate probe 312 along insulated regions 318.

Method of Manufaciure

[0028] In one method of manufacturing the embodiment as
described above, insulating material is applied overtop of an
electrically conductive probe and is selectively removed in order to
define insulated regions 318 and conductive regions 320. Alternatively,
at least one pre-formed band of insulating material may be applied by
being placed overtop of the probe and then adhered to the probe, for
example by using a glue, epoxy or other adhesive, or by applying
energy to shrink the insulating material to the probe. In such
embodiments, active portion 316 may comprise a single electrode for
delivering monopolar energy to a target site. Such an embodiment
may be useful, for example, in applications where it would be desirable
to provide substantially monopolar and/or monophasic energy along
active portion 316. In an additional method of manufacturing o
device of the present invention, the probe, rather than being
constructed from conductive material and subsequently overlain with
insulating material, is initially constructed from both conductive and
non-conductive material fused or otherwise joined together to form a
probe with a desired placement of conductive and non-conductive
regions. In another embodiment, separate insulated and conductive
regions may be formed by the treatment of a material in order to alter
its electrical properties. For example, a conductive probe could be
overlain by a material that allows electrical current to pass freely
through it, but which, when subjected to a certain treatment, becomes
insulating in nature. The freatment of selected sections of the probe in
this manner could be used to disrupt the conductivity of the probe.

Alfernatively, the probe itself could be treated in some way to render

12
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portions of the probe non-conductive. Furthermore, a probe may be
manufactured from an insulating material that could then be treated
or overlain in a process that renders portions of the probe conductive.
In such an embodiment, active portion 316 may comprise two or more
discrete electrodes, each of which may be operable to deliver
electrical current at the same or at different electrical poles and/or
phases. For example, such a probe may be operable in a bipolar or

triphasic configuration.

Alternate embodimenis

[0029] In an calternate embodiment of a device of the present
invention, an electrical discontinuity may be achieved by adjusting the
relative positions of insulating and conductive regions of the device.
For example, as shown in Figure 4, an apparatus of the present
invention may comprise a probe 400 slidably disposed within an
infroducer 404. The term 'introducer' is not limited to a specific device
but rather describes any device that may accomplish the same
function as the infroducer described herein. In use, probe 400 may be
inserted into a region of fissue through a lumen of infroducer 404, with
an active portion 402 of probe 400 extending longitudinally beyond a
distal end 408 of infroducer 404. Introducer 404 may be insulated such
that distal end 408 of introducer 404 may serve as an insulated
region/conductive region boundary, or electrical discontinuity as has
been described above. The insulated intfroducer may be one example
of an insulating member or a means for electrically insulating the
apparatus. During the course of treatment, a position of this electricall
discontinuity may be altered by, for example, retracting or advancing

distal end 408 of introducer 404, thus changing the effective length of

13



WO 2006/086882 PCT/CA2006/000229

10

15

20

25

active portion 402.  Alternatively, the boundary position may be
adjusted by retracting or advancing probe 400 into the fissue. By
adjusting the position of introducer 404 with respect to probe 400, the
boundary between the insulating and conductive regions of the
apparatus, which corresponds to an electrical discontinuity, or area of
relatively high current density, is moved with respect to the tfissue. Thus,
the position of the boundary may be adjusted, for example during
energy delivery, in order to achieve an optimal current density profile
for creating a lesion of a specified size and shape, for example a
substantially homogeneous lesion, which, in this embodiment, may or
may not also be a strip lesion. A strip lesion, as used herein, may refer
fo a lesion which is elongate, i.e. its length substantially exceeds at
least one of its other two dimensions. A strip lesion may be substantially
straight or curved. In other embodiments incorporating a sheath or
introducer device, the sheath itself may not be fully insulated but may
be discontinuously conductive, in accordance with embodiments of
the present invention. As stated above with respect to the 'infroducer’,
any references to a 'sheath’ is not limited to a specific device but
rather describes any device that may accomplish the same function as

the sheath described herein.

[0030] In a further embodiment of a device of the present invention,
the device comprises a telescopic probe having at least two
telescoping segments that are independently retractable and/or
extendable or which may be advanced with respect to one another.
An exemplary device of such an embodiment is illustrated in Figure 5.
Figure 5 shows a probe 500 having an insulating sleeve or insulating
member 502 and an active portion 504, wherein the positions of
insulating member 502 and active portion 504 may be independently

adjustable, thus allowing the position of an electrical discontinuity at

14
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the insulated region/conductive region boundary to be altered before,
during or after the course of a freatment procedure. For example, as
mentioned above, the position of the electrical discontinuity may be
adjusted during a step of delivering energy in order to create a

substantially homogeneous lesion.

[0031] Referring now to Figure 4, an additional embodiment of a
device of the present invention is shown. In this embodiment, probe
600 comprises a cannula 602 adapted to be insertable info and
through an introducer device 604. Cannula 602 may be manufactured
from a conductive material and comprises at least one insulated
region 606 disposed at some position along an active portion of
cannula 602. The term 'cannula' is not limited to a specific device but
rather describes any device that may accomplish the same function as
the cannula described herein. Insulated region 606 provides an
electrical discontinuity along cannula 402 and, as has been described
earlier, it is theorized that this discontinuity may allow for a substantially
homogenous distribution of current density radiating from cannula 602.
This specific embodiment of a device of the present invention may be
useful in extending the usable lengths of the active portions of
electrosurgical cannulae. For example, due to the fact that current
density may be concentrated around an electrical discontinuity, it may
be difficult to create a lesion along the entire active portion of a
cannula having a relatively long active portion, because the current
may be concentrated around the electrical discontinuities present at
the insulating region/conductive region boundary of the cannula, as
well as at the cannula tip. However using a device of this embodiment
of the present invention, a substantially homogeneous lesion may be
created along a greater portion of the length of the active portion of

the cannula due to the inclusion of an insulating band 606 along the
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active portion of the cannula. As described above, insulating band
606 may help to create a more effective distribution of current density
due to the 'edge effect’ and 'hot spot' phenomena. Once again, it
should be noted that, although a specific theory of operation has been
described, the various embodiments described in conjunction with the
present invention are not intended to be limited to this or any other

theory of operation.

[0032] In an alternate embodiment of a device of the present
invention, shown in cross-section in Figure 7, a probe 700 defines a
lumen 702 in fluid communication with at least one aperture 704
located at a distal portion of probe 700. Aperture 704, shown on a
lateral portion of probe 700 may be located anywhere along the distal
portion of probe 700, including at a distal tip or distal end of probe 700.
Probe 700 may further comprise an elecirode 706 for energizing a
conductive fluid that may be intfroduced through lumen 702. Electrode
706 may be connected to an energy source (not shown) via a wire 707
or via other means for electrically connecting an energy delivery
device. In addition, probe 700 comprises a flow impeder 708 for
inferrupting the flow of a fluid through aperture 704. Flow impeder 708
may function similarly to the insulating bands described in conjunction
with the aforementioned embodiments of the present invention. In
other words, flow impeder 708 may serve to create a more
homogenous flow of fluid through aperture 704 by creating additional
boundaries to fluid flow, resulting in 'hot spofs' or regions of increased

fluid flow density around flow impeder 708.

[0033] Additional embodiments of a device of the present invention
may include various electrosurgical devices that deliver energy or
another treatment composition during the course of a treatment

procedure. Examples of such devices include but are not limited to
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electrosurgical knives or blades and radiofrequency ablation catheters
and probes. Such devices may benefit from the inclusion of some type
of flow impeder or means for impeding flow, as has been described in
accordance with the present invention. A flow impeder may comprise
a region of insulating material, which impedes the flow of current along
the length of a probe. Alternatively, a flow impeder may comprise d

fluid flow disrupter, as in the embodiment described in Figure 7.
Features

[0034] In some or all of the aforementioned embodiments, as well as
any other embodiments not specifically described herein, any or all of
the conductive regions of the probe may be at the same electric
potential and thus arranged to deliver energy in a monopolar
configuration whereby energy may be transmitted from the probe to a
separate reference electrode. In such embodiments, at least one of
the conductive regions may be adapted to be connected to an
energy source and the conductive regions may be electrically
connected to each other. In other embodiments, one or more
electrically isolated conductive regions, or groups of conductive
regions, may lie at one or more different electric potentials as in a
bipolar, triphasic, or other configuration. In this case, current will flow
between the various conductive regions, or groups of conductive
regions, primarily along the length of the probe, obviating the need for

a separate reference electrode.

[0035] Additionally, in some or all of the embodiments of the present
invention, the device may comprise one or more of: means for cooling
the fissue adjacent a region of the probe (for example, by the
circulation of a cooling fluid through an internal lumen of the probe),

means for applying a force to change the shape of at least a portion
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of the probe (for example, using a spring or a guide wire or other
means of actuation), means for facilitating the insertion of the probe
into a patient's body (for example, an introducer, cannula and/or
stylet), means for visualizing the probe once it has been inserted (for
example, using a radiopaque marker in conjunction with fluoroscopic
imaging or using some other imaging modadlities including but not
limited to CT, MRI and ultrasound), and one or more additional
functional elements for performing a function on the tissue (such as
adding or removing material). As has been mentioned, the probe may
be substantially rigid or may have various degrees of flexibility.
Furthermore, one or more regions or segments of the probe may be

manually or automatically deformable or steerable.

[0036] Some embodiments of the device of the present invention may
further comprise a means for measuring one or more tissue properties,
including but not limited to temperature and impedance. The device
may further comprise means for measuring pressure or other physical
properties. The means for measuring temperature may comprise at
least one thermocouple, thermistor, thermometer or other temperature
sensor located anywhere along the length of the probe. In some
specific embodiments, the probe may comprise a plurality of
temperafure sensors, for example one sensor per electical
discontinuity. The means for measuring pressure may comprise o lumen
in fluid communication with fluid in a patient's body as well as with a
pressure transducer to record the pressure measurements. In other
embodiments, the pressure sensor may comprise a pressure transducer

disposed at a desired location on the probe.

[0037] A means for measuring one of the properties mentioned above
may optionally be used in conjunction with a means for controlling the

operation of the device based on said measured properties. For
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example, in one embodiment, a device of the present invention is
connected o an energy source configured to supply radiofrequency
energy to the device. The device may comprise at least one
temperature sensor connected to the energy source, whereby the
supply of energy to the device can be controlled based on the
measurements received from the at least one temperature sensor. For
example, if the measured temperature exceeds a specified upper
threshold, the energy source may perform a specified action, including
but not limited to shutting down automatically or decreasing the
power delivered to the device. In an alternate embodiment, the
device comprises impedance sensors which are connected to the
energy source and whereby the supply of energy may be controlled
based on the measurements received from the impedance sensors. In
additional embodiments, the operation of the device may be modified
(based on measurements received from one or more sensors) in other
ways, including but are not limited to, terminating the procedure,
modifying the supply of a cooling means to the device, or affecting a
change in the conductivity or impedance of the probe (for example,
by altering the relative position of one or more electrical discontinuities,
as described above). The operation of the device or the energy
source may also be able to be manually controlled by a user, or may
be automatically controlled based on other parameters, for example,
based on a measurement of a property of the device itself, rather than

a property of the fissue.

System
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[0038] With reference now to Figure 8, one embodiment of a system
800, incorporating a probe 802, is shown. System 800 preferably
comprises an energy source 804, a proximal electrical connector 806, a

probe cable 808, a distal electrical connector 810 and a probe 802.

[0039] Energy source 804 may be operable to deliver energy in the
form of electrical current, for example in the radio-frequency (RF)
range. In some embodiments, energy source 804 may be releasably
coupled to probe 802. For example, this may be achieved by
providing proximal and distal electrical connectors 806 and 810, at
least one of which is releasable. In alternate embodiments, probe 802
may be permanently attached to energy source 804. Additionally,
some embodiments may include other means of transmitting energy
from energy source 804 to probe 802. In embodiments in which the
device is cooled (as described above), probe 802 may further
comprise releasable connectors (not shown), such as Luer locks, to
couple one or more cooling means, such as peristaltic pumps and
associated tubing, to probe 802. In alternate embodiments, probe 802

may be permanently attached to the one or more cooling means.
Method

[0040] One general application of a device of the present invention is
for ablation of a target site at a region of tissue in a patient's body. If a
sufficient amount of energy is delivered to a region of fissue using a
device of the present invention, at a sufficient voltage to increase the
heat of the tissue to or past the ablation temperature of the tissue,
ablation will occur and one or more lesions will form in the vicinity of the
device. As used herein, 'ablate’, 'ablating' or 'ablation' may be
understood as raising the temperature of a tissue such that at least a

portion of the tissue is coagulated and a lesion is formed within the
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tissue. This ablation can include, but is not limited to ablation of one or
more of neuradl tissue, whose ablation can prevent the transmission of
nociceptive sensation, structural or connective tissue, whose ablation
can cause a contraction of collagen and a reduction in the volume of
tissue, and vascular tissue, whose ablation may result in the disruption
of nutrient supply fo one or more neural structures. The specific
geometry of the device and the relative positions of any insulated and
conductive regions can affect the shape and size of any resulting
lesions, as the density of current radiating from the device will be
increased at the regions of electrical discontinuity, as has been
described.

SI Joint

[0041] One specific application of a device of the present invention is
for the treatment of sacroiliac syndrome. Pain or other symptoms
(described below) associated with or emanating from the sacroiliac
region have been referred to in the literature as sacroiliac syndrome,
sacroiliac joint dysfunction or sacroiliac joint complex (SIJC) pain,
amongst other terms, and, for clarity, will be referred to throughout this
specification as ‘'sacroiliac joint syndrome' (SIUS).  Symptoms of
sacroiliac joint syndrome may include, but are not limited to: pain,
stiffness and tingling. Referring to Figure 9, the SI joint 904 is the joint
between the sacrum 100, a large bone at the base of the spine
composed of five fused vertebrae, and the ilium 902 of the pelvis. Sl
joint 904 is a relatively immobile joint, serving to absorb shock during
locomotion. The structure of the Sl joint varies significantly between
individuals but generally comprises an articular cartilaginous surface, a
ligamentous aspect and, in most cases, one or more synovial recesses.
Though the specific pathways of innervation of the SI join;r have not yet

been elucidated, the nerves responsible for sacroiliac joint pain are
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thought to comprise, at least in part, nerves emanating from the dorsal
sacral plexus, the network of nerves on the posterior surface of the
sacrum, extending from the sacral nerves 104, also referred to as the
posterior primary rami 104, that exit the sacral foramina (posterior sacral
foramina) 102. Diagnostic criteria for SIJS include the following: (1) pain
in the region of the SI joint with possible radiation to the groin, medial
buttocks, and posterior thigh, (2) reproduction of pain by physical
examination techniques that stress the joint, (3) elimination of pain with
infra-articular injection of local anesthetic and (4) an ostensibly
morphologically normal joint without demonstrable pathognomonic
radiographic abnormalities. While mechanical support devices exist for
the alleviation of pain, there is currently no standardized method or

apparatus for the treatment of SIJS.

[0042] With respect to the present invention, one embodiment of a
method of tfreating the sacroiliac region of a patient's body by
delivering energy may generally comprise the following steps: inserting
a treatment device, for example a probe, info a target site within the
sacroiliac region of a patient's body; and delivering energy to the
treatment device to treat tissue within the target site. The treatment
device may be a probe as described herein above, for example a
substantially rigid probe that may be able to create a strip lesion during
a single energy delivery step. In addition, the probe may have at least
two regions of electrical discontinuity as described above. Two broad
aspects of a method embodiment of freating the sacroiliac region by

delivering energy will be presently described.

First Aspect

[0043] In accordance with a first aspect of a method embodiment of

the present invention, a method for the treatment of SIJS by performing
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a freatment procedure outside of the Sl joint is provided. The method
generally comprises the steps of inserting a device, for example o
probe, into a region of tissue external to the Sl joint in a patient's body
and performing a treatment operation in order to reduce one or more
symptoms associated with SIJS. For example, a treatment procedure of
this method aspect may be performed proximate to a patient's sacral
region, within one or more of the Sl ligaments or in a region of tissue
adjacent to one or more nerves that innervate the S| joint. These
locations are exemplary only and are not intended to limit the present
invenfion in any way. The scope of this aspect of a method
embodiment of the present invention is intended to cover any
treatment procedures performed external fo the Sl joint that fall within
the limitations of the appended claims. This approach is beneficial
because it may allow for a treatment procedure that can effectively
target neural fissue that innervates the Sl joint without having to
actually enter the joint itself. Furthermore, if a patient's pain is
emanating from the §I joint ligaments, it may be beneficial to target
the neural tissue before it reaches the ligaments in order to alleviate
this pain. In addition, energy may be delivered to connective tissue in
the Sl region (such as, for example, one of the sacroiliac ligaments) in
order to, for example, tighten or loosen the tissue. Generally, it may be
beneficial to treat neural tissue as close to the nerve root as possible, in

order to increase the effectiveness of the freatment procedure.

[0044] A first embodiment of the first aspect generally comprises the
steps of inserting one or more probes info a region of tissue in a
patient's body and delivering energy through the probe(s) in order to
relieve symptoms of SIJS, wherein the energy may be delivered, for
example, in order to ablate fissue. Lesioning by ablation can for

example be effected using an RF signal having a voltage up to about
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500V, current up to about 5 amperes, a frequency of about 200kHz to
about 10 MHz and an application interval of about 5 seconds to about
30 minutes; for tissue in the sacroiliac region, the signal may, in some
embodiments, have a voltage ranging between about 10V and about
200V, a frequency of about 400 fo about 550kHz, an application
interval of about 1 fo about 10 minutes, and a power of about 1 to
about 20 Watts. In the embodiment shown in Figure 9, a probe 910,
comprising an active portion 912 and a proximal region (not shown), is
inserted proximate to sacrum 100. In this embodiment, probe 910
comprises insulated regions 914 and conductive regions 916 associated
with active portion 912, and probe 910 may be operable in a
monopolar configuration in conjunction with a grounding pad (not
shown) placed at some location on the surface of the patient's body.
Probe 910 may be able to create a lesion 930, for example a strip lesion
930, adjacent sacrum 100, in order to treat as many neural structures of
the dorsal sacral plexus as possible within a single treatment procedure.
However, the ability to create a strip lesion is not necessary in some
embodiments. Rather, various probes, capable of producing lesions of
various shapes and sizes, may also be used in conjunction with this
aspect of the present invention and the invention is not limited in this

regard.,

[0045] Referring now to the steps in detail, the step of inserting a
device into a region of tissue may comprise penetrating into the tissue
using one or more rigid infroducer tubes or other insertional apparatus,
and inserting the probe(s) through the introducer(s). Penetration into
the tissue may also be facilitated by the use of a sharp or pointed
probe(s), by the use of a stylet, by the insertion of a guide wire or by
any other insertional method or device and the invention is not limited

in this regard. It should also be noted that the introducer(s) or other
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means for insertion may or may not be electrically and/or thermally
insulated and they may be curved or straight. Furthermore, the length
and diameter of the introducer are not limited to specific values and
any suitably sized introducer may be used. As noted above, the term
intfroducer is used throughout this specification and is intended to
encompass any device that may facilitate entry of the probe into a
specific site within the body of a patient. In such embodiments, these
devices may be capable of penetrating into a poﬁeni"s body as well
as penetrating through one or more of the ligaments of the sacroiliac
region. In alternate embodiments, the probe may be positioned at the
appropriate location within a patient's body without using any

additional means to facilitate insertion.

[0046] In some embodiments of the present invention, a supporting or
stabilizing apparatus or device may be used to help prevent
inadvertent movement of the probe(s) and/or infroducer(s). For
example, the. supporting or stabilizing apparatus (i.e. a means for
supporting or stabilizing) may, for example, take the form of a frame for
fixing the prok;e(s) and/or infroducer(s) in a desired position. During the
step of inserting the probe(s), the position of the probe(s) or
infroducer(s) may be visualized and/or monitored, for example by
using fluoroscopy or other imaging modalities. I fluoroscopy is used,
visualization may be improved by incorporating one or more radio-
opaque markers onto one or more of the probe(s) or introducer(s). In
some embodiments, radio-opaque markers may be incorporated onto
a distal region of the probe(s) in order to determine the distance that
the probes are extending out of the introducer(s). In addition, visual
depth markers may be used to help determine the position of the
probe(s) or intfroducer(s) within the body. Furthermore, positioning may

be confirmed by measuring the impedance of tissue at the location of
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the probe(s) or introducer(s), as is known in the art. In some
embodiments, positioning may not be verified using these means and
a user may rely in whole or in part on his knowledge of a patient's

anatomy in order fo accurately place the device(s).

[0047] Referring now to the step of delivering energy through the
probe(s), this may be accomplished for example by providing a
generator, operable to deliver radiofrequency (RF) energy, connecting
the generator fo the probe(s) and operating the generator to deliver
said RF energy to the tissue through the energy delivery device
associated with, for example, a distal region of the probe(s). Some
details regarding an exemplary generator are recited below, with
respect to a second aspect of the method of the present invention. In
certain embodiments, the generator is operable to deliver sufficient
energy fo the fissue through the probe(s) so that the tissue may be
ablated, as has been defined earlier. In such embodiments that
involve the ablation of a region of tissue, the tissue ablated according
to this method aspect of the invention can include, but is not limited to,
neural tissue, whose ablation can prevent the fransmission of pain
sensation and vascular tissue, whose ablation may result in the
disruption of nutrient supply to one or more neural structures.
Furthermore, as described above, some embodiments of a method of
the present invention may comprise delivering energy in a substantially
homogeneous manner, in order to create a substantially
homogeneous lesion. In alternate embodiments, the energy delivered
by the generator through the probe(s) may not ablate fissue but may
perform one or more other treatment functions such as altering the
structure  of collagen (without causing cellular  coagulation).
Alternatively, RF current, microwave current, or other energy could be

delivered in a series of amplitude or frequency modulated pulses,
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whereby fissue heating is inhibited by interrupting periods of energy
delivery with relatively long periods in which no energy is delivered. By
pulsing the energy in this manner, a voltage that is sufficiently high to
affect a prolonged disruption of the function of neural fissue may be
used, while maintaining the fissue at a temperature such that no lesion
will form, or such that the formation of a lesion will be inhibited. In
further embodiments, a generator may not be used. In these
embodiments, energy may be generated by a battery (in which case
the enfire system [probe and energy source] may be hand-
held/portable/modular) or any other means and the invention is not
limited in this regard. Any delivery of energy that may result in a
freatment effect to alleviate one or more symptoms of SIJS is intended

fo be included within the scope of this aspect of the present invention.

[0048] Regarding connecting the generator to the probe(s), the
generator may, in some embodiments, be releasably coupled to the
probe(s). For example, this may be achieved by providing releasable
electrical connectors at or proximate to the proximal region of the
probe(s). In embodiments in which the probe(s) are cooled, the
proximal region of the probe(s) may further comprise releasable
connectors, such as Luer locks, to couple one or more means for
cooling, such as peristaltic pumps and associated tubing, to the
probe(s). In alternate embodiments, the probe(s) may be permanently

attached to the generator and/or the one or more means for cooling.

[0049] In some embodiments, the probe(s) used in this method aspect
of the present invention may be operable to treat a plurality of neural
structures without the need for one or more of removal of the probe(s),
reinsertion of the probe(s) or repositioning of the probe(s). For
example, at least two branches of the sacral nerves 104 may be

treated. These two branches may comprise, for example, two or more
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branches of the same sacral nerve. Treatment of two or more
branches of the same sacral nerve may be facilitated by delivering
energy to at least a portion of a sacral neural crescent, as described
above and as shown in Figure 1. In such an embodiment, the method
may comprise the step of delivering energy to a sacral neural crescent
to create a substantially homogeneous lesion to treat af least two
branches of a sacral nerve passing through the sacral neural crescent.
Alternatively, these two branches may comprise at least one lateral
branch 106 from one sacral nerve and at least one lateral branch 106

from a different sacral nerve.

[0050] One way of achieving this effect is to create a single strip lesion
at a desired location, wherein said single strip lesion may be of
sufficient size so as to affect multiple neural structures. As has been
mentioned, the probe(s) may be operable to create such a lesion
during the course of a single energy delivery step or while the probe
remains in a substantially static position, i.e. without the need for one or
more of removal of the probe(s), reinsertion of the probe(s) or
repositioning of the probe(s). Thus, as used herein, a 'single energy
delivery step' may refer to a single temporally continuous period of
energy delivery. For example, creating a strip lesion in a single energy
delivery step may allow for movement of one or more portions of the
probe to create the stip lesion, as long as the delivery of energy is
maintained during any such probe movement. In some embodiments,
as discussed earlier with respect to the device aspect of the present
invention, the relative positions of one or more portions of the probe
may be adjusted during the energy delivery step. For example, the
probe may comprise an active portion slidably disposed within an
insulating member, wherein the relative positions of the active portion

and insulating member may be adjusted by, for example, advancing
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or retracting one or more of the insulating member and the active
portion.  Adjusting the relative position of the active portion and
insulating member results in a repositioning of the electrical
discontinuity present at the boundary therebetween, which in fumn may
facllitate the creation of a substantially homogeneous lesion, for
example a strip lesion.  Alternatively, the probe may remain in a
substantially static position during the creation of the strip lesion. It
should be noted, however, that creating strip lesions through one or
more probe repositioning steps, as well as creating individual, non-strip
lesions, on one or more neural structures or other bodily material, also

falls within the scope of this aspect of the present invention.

[0051] In addition, this aspect of the present invention is not limited to
using only one probe and several probes may be used with this
tfreatment method. Furthermore, each of these probes may comprise
one or more conductive regions and the invention is not limited in this
regard. For example, in alternate embodiments, two or more probes
may be used in a bipolar configuration. In such embodiments, the
probes may, for example, be spaced apart by a distance that is not
greater than five times the diameter of the energy delivery device
located on the probes. In other embodiments, probe separation may
vary and may be more or less than the aforementioned maximum and
minimum distances. In yet further embodiments, three or more probes

may be used in a triphasic configuration.

[0052] As a feature of this aspect of the present invention, some
embodiments may further comprise a step of moving the probe(s) to
another location within the tfissue if the user so desires. The probe(s)
may be moved before, during, or after the step of delivering energy,
and may be moved one or more fimes. The step of moving the probes

may comprise one or more of the following actions: applying a force to
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bend the probe within the fissue (wherein the probe may thus be
described as a 'steerable’ probe), moving the probe intact within the
tissue, removing the probe intact from the tissue, reinserting the probe
into the fissue and moving one or more parts of the probe (for
example, extending or retracting a segmented probe telescopically)
to move the position of one or more functional elements within the
tissue. For example, one such embodiment of this method aspect may
comprise a step of repositioning a probe at another sacral neural
crescent, wherein energy may be delivered to treat tissue within the

other sacral neural crescent.

[0053] Thus, in one embodiment of this aspect of the present
invention, and with reference again to Figure 9, a method for treating
SIS may be practiced as follows: a patient is made to lie prone on an
operating table or similar structure, a grounding pad is placed on the
surface of the patient's body and local anesthetic is provided. Prior to
the insertion of the probe(s) or infroducer(s), fluoroscopic imaging or
other means may be used to visualize a patient's sacroiliac region in
order to ascertain the desired approach for inserting the device(s) into
the desired tissue. This is particularly important with respect to SIJS
freatment procedures because the anatomical structures involved
may vary significantly from patient to patient. In one embodiment, a
probe 910, operating in a monopolar configuration, would be
positioned in proximity to the posterior sacral foramina 102, such that
the step of delivering energy will result in an alteration of the function of
the neural tissue of the dorsal sacral plexus. Therefore, in this
embodiment, an infroducer 920 may be inserted into a patient's body
from a generally inferior-posterior approach under fluoroscopic
guidance, such that a distal end 922 of infroducer 920 is positioned
proximate to or adjacent the inferior margin of sacrum 100. For
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example, in some embodiments, a substantially cranial-caudal or
caudal-cranial approach may be utilized, wherein infroducer 920
and/or probe 910 are inserted substantially along the cranial-
caudal/inferior-superior axis of the patient's body, which allows for a
relatively straight-forward insertion procedure. It should be noted that,
in the context of these embodiments, an approach substantially along
the cranial-caudal axis is not intended to refer to an insertion along
precisely this axis of the patient's body. Rather, there may be some
lateral/medial and/or anterior/posterior components to the approach
vector as long as the approach to the sacrum is not impeded by
anatomical obstacles, such as the iliac crest, that may have fo be
negotiated. In other words, this approach is intended to allow for a
fairly straightforward insertion into the target site. In alternate
embodiments, other approaches, such as, for example, a more lateral

approach may be used, depending on the user's preference.

[0054] In some embodiments, distal end 922 of infroducer 920 is
positioned immediately adjacent to the bone, without any ligaments or
other connective tissue in between distal end 922 and sacrum 100. In
other embodiments, various angles of approach and sites of enfry may
be used. Depending on the site of entry and the angle of approach
that are chosen, the infroducer may be either curved or straight. A
curved infroducer may take several forms and the invention is not
limited in this regard. For example, it may be curved along a
substantial portion of its radius or it may have a bent tip, wherein the
rest of the introducer may be straight. In addition, the active portfion

712 of probe 910 may be curved or straight.

[0055] At this point, and with reference again to Figure 9, the position
of intfroducer 920 may be verified using fluoroscopic imaging (or other

imaging modalities) or other means, after which probe 910 may be
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inserted through a bore or lumen of infroducer 920 such that at least o
portion of active portion 212 of probe 910 is located adjacent to and
along sacrum 100. It should be noted that, in those embodiments that
comprise a stylet fo facilitate positioning of the probe, the stylet may
be located within an introducer and may be removed from the
introducer prior to insertion of the probe. As shown in Figure 9, probe
910 may be advanced to the extent that lesion 930 will be created
around probe 910 across a substantial part of the dorsal sacral plexus
when energy is delivered to conductive regions 916. In this
embodiment, it may be beneficial to use a flexible probe which is
capable of conforming to the surface of sacrum 100. In other
embodiments, the probe may extend various distances outside of the
introducer and the invention is not limited in this regard. For example, if
using a brush electrode comprising a plurality of electrically conductive
flamentary members, an effective lesion may be created by dragging
the probe along a tissue while supplying energy to the filaments,
analogous to painting with a paint brush. In such an embodiment, the
probe may be extended from the introducer such that a distal end of
the probe may be located adjacent to the S1 sacral nerve of the
sacral posterior rami, so that, when the probe is retracted back into the
infroducer, a lesion will be created covering all of the nerves between
the S1 level and the location of the infroducer. In further embodiments,
the probe(s) may be placed within a sacral neural crescent, as shown
in Figure 1, in order to treat lateral branches 106 of sacral nerves 104 as

they exit sacral foramina 102.

[0056] It is advisable, af this stage, fo ascertain the location of probe
710 with respect to any sensory and/or motor nerves that may be
located nearby by stimulating the neural tissue at one or more

physiological stimulation frequencies and determining the effect of
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said stimulation, as will be described in more detail below. Using this
step, it can be determined whether a target nerve or group of nerves
has a function that would confraindicate its ablation or functional
alteration. In some embodiments, the lack of a contraindication would
lead to the step of delivering energy, whereas the presence of a
contraindication would lead back to the step of inserting a probe or
probes, whereby the step of inserting a probe or probes comprises
modifying the position of a probe or probes within the body. In
alternate embodiments, no stimulation is performed and a user may
rely on his or her knowledge (for example, of the patient's anatomy) to

determine whether or not to proceed with the treatment procedure.

[0057] At this point, energy may be delivered from the generator (not
shown) via conductive regions 916 to the region of fissue located
proximate to conductive regions 916. If the probe is steerable, the
probe tip may be maneuvered into a second location and energy
may again be delivered to ablate the neural fissue at the second
location. This may be repeated as many fimes as the user feels is
necessary. If the probe is not steerable, the insertion and positioning
steps may be repeated so that the probe is located at a second
position, at which point energy may be delivered again at this location.
For example, as mentfioned above, the second location may be
another sacral neural crescent, located on another level of the
sacrum. Once the user has determined that enough neural tfissue has
been ablated or otherwise affected, the introducer and probe may be
removed from the body and the patient should be allowed to recover.
It should be noted that this description is infended to be exemplary
only and that other embodiments are envisioned as well. In addition,

this invention is not intended to be limited by the number and type of
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probes used in this and other embodiments as well as the number and
type of lesions created by these probes.

[0058] Relief of SIJS symptoms may result from the fact that the neural
tissue that may be affected by this procedure innervates the Si joint
and thus, by tfreating the neural tissue external to the joint, pain
fransmission from the joint itself may be indirectly affected. As has
been described, freatment of the neural tissue may be accomplished
by the delivery of RF energy supplied to the probe(s) by a generator.
Each probe may be furnished with one or more electrodes, and one or
more probes may be used. If two or more electrodes are used, the
electrodes may be in a monopolar, bipolar, multipolar, or multiphasic
configuration.  For example, several probes may be operated in a
monopolar configuration, whereby a specific lesion shape may be
obtained by determining an optimal spacing between probes that
may produce a specific interference pattern and thus, a specific
current density resulting in a desired lesion shape. Energy may be
delivered to ablate at least a portion of the neural tissue of the dorsal
sacral plexus, in order fo reduce pain associated with the Sl region.
Alternatively, energy may be delivered in order to alter the function of
the neural tissue of the dorsal sacral plexus, without damaging the
neural fissue, for example by delivering energy in a series of amplitude
or frequency modulated pulses, as described above. Furthermore, as
was mentioned above, energy may be delivered in order to perform
some other freatment function that may result in relief of symptoms due
to SIJS. For example, energy may be delivered to one or more of the
sacroiliac ligaments in order to repair some defect in the ligaments or
to tighten or loosen the ligaments. In addition, applying a treatment
procedure (other than or in addition to neural ablation) external to the

joint, for example, by heating one or more sacroiliac ligaments, may
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indirectly freat the joint itself as well (for example, by causing the
shrinkage of collagen within the joint due to heat conduction from the

ligaments).

[0059] In some embodiments, the steps of inserting one or more
probes into a region of tissue in a patient's body and delivering energy
through the probe(s), can be repeated one or more times, for example
at each of the posterior sacral foramina as well as around the lower
lumbar vertebrae. In other words, the steps described above may be
used to alter the function of neural fissue around each of the posterior
sacral foramina (for example, as described above with respect to
treating tissue within the sacral neural crescents) as well as the lower
lumber vertebrae. In other embodiments, the probe(s) may be
inserted using an anterior approach, in which case the treatment
procedure may involve the alteration of the function of neural tissue
adjacent the anterior or posterior sacral foramina, for example within

the anterior sacral neural crescents.

[0060] In alternate embodiments of this aspect of the present
invention, energy may be delivered in forms other than radiofrequency
electrical energy, including but not limited to: other forms of
electromagnetic energy, for example microwave energy or optical
energy; thermal energy; mechanical energy; and ultrasonic energy;
and combinations thereof. Additionally, the step of delivering energy
could involve the use of other energy delivery devices including, but
not limited to: microwave probes, optical fibers, resistive heaters, and

ultrasound emitters.

[0061] As was mentioned briefly above, the step of delivering energy
to the tissue, may involve, in some embodiments, the use of devices in

which the one or more probes are actively or passively cooled.
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Cooling of probes can prevent the searing or coagulation of tissue
directly adjacent to the probe(s) and can prevent the vaporization of
liquid within the fissue. Cooling can also be used to increase the

maximum lesion volume that can be formed in a given ftissue.

[0062] In addition to opﬁdnolly measuring impedance, as in the
embodiment described above, some embodiments further comprise
an additional step of measuring the temperature of tissue at least at
one location. This is generally desirable so as to ensure that a given
region of tissue is not exceeding a certain temperature. For example,
in some embodiments it may be desirable to maintain the temperature
of fissue at or below a temperature required for neural ablation.
Preferably, a means for monitoring temperature may be located on or
within a distal region of the one or more probes and the temperature
of tissue located proximate to the distal region(s) of the probe(s) may
be monitored using the means for monitoring temperature.
Alternatively or in addition, a means for monitoring temperature may
be located at a different location on the one or more probe(s) to
monitor the temperature of a region of fissue located some distance
away from the distal region(s) of the probe(s). Furthermore, one or
more separate means for monitoring temperature may be inserted into
the patient's body in order to monitor the temperature of one or more
specific regions of tissue. The means for monitoring temperature may
take the form of one or more thermocouples, thermistors, optical
thermal sensors or any other means for monitoring or sensing
temperature and the invention is not limited in this regard. The means
for monitoring temperature may be connected directly to the energy
source (e.g. the RF generator) or they may be monitored by an

independent temperature monitoring device. These embodiments are
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intended fo be exemplary only and are not intended to limit the

present invention in any way.

[0063] As a feature of this aspect of the present invention, the method
may further comprise one or more steps of modifying a treatment
procedure in response fo one or more measured parameters. These
measured parameters may include, but are not limited to,
temperature, position of the probe(s) or impedance, or any
combination thereof. For example, if a temperature measurement is
determined to be outside of a desired range, a treatment procedure
may be modified by, for example, altering the amount of energy
delivered by the generator, modifying or modulating the one or more
means for cooling in some way, or terminating the procedure. As
another example, the amount of energy delivered by the generator
may be modified based on the position of the one or more probes (for
example, depending on the distance between a probe and the target
tfreatment site or on the distance between the probes themselves
when more than one probe is used). In such embodiments, a
feedback system may be incorporated directly into the energy source
so that any modification of a freatment procedure in response to a
measured parameter may occur automatically. In  other
embodiments, there may not be an automatic feedback system in
place, in which case a user may manually modify a treatment
procedure in response to a measured parameter. In addition to
modifying a freatment procedure based on measured parameters, this
invention also provides for a step of determining the initial parameters
to be used in a freatment procedure (for example, the initial maximum
power level or fissue temperature, temperature ramp rate, efc.) using
information that is known about the particular tissue to be treated. For

example, if pre-treatment testing reveals specific information about the
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sacrum of a particular patient (this information may include, but is not
limited to: the topology of the sacrum, location of specific nerves, etc.),
that information may be used to decide on what parameters to use

inifially for the treatment procedure.

[0064] In some embodiments of this aspect of the present invention,
the step of performing a treatment operation in order to reduce
symptoms associated with SIJS may comprise the addition or removall
of material to or from the body. Material that may be added to the
region of tissue being treated includes, but is not limited to, alcohol,
chemical lysing agents, pharmaceutical agents (including, but not
limited to, anesthetics or other medicaments) or contrast media.
Material that may be removed from the region of tissue being treated
includes, but is not limited tfo, ligamentous fissue or other connective
fissue. The removal of material may be accomplished through various
means, which can include aspiration, vaporization or mechanical
conveyance. Furthermore, the steps of addition and removal of
material can be performed concurrently, for example by irrigating the
fissue with a liquid medium while aspirating the liquid effluent. The
addition or removal of material may also be combined with the
delivery of energy, as has described above, wherein the delivery of
energy and the addifion or removal of material may occur

concurrently or sequentially.

[0065] According fo this aspect of the present invention, as has been
described, one or more probes or other devices are placed at some
location external to the Sl joint. It should be understood that the
probe(s) may be inserted into various locations and the invention is not
limited in this regard. Furthermore, as has already been mentioned, a

probe may be inserted using any approach that allows access to the
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desired fissue, including but not limited to: a superior posterior

approach, an inferior posterior approach, or an anterior approach.

[0066] If more than one probe is used, the probes may be inserted
info the fissue using different approaches.  For example, when
practicing this method aspect of the present invention using two
probes in a bipolar configuration, as has been previously mentioned,
the probes may be inserted at a relatively higher angle (i.e. closer to
an anterior-posterior plane approach) with respect to the patient's
body. When using probes in a bipolar configuration in this manner, it
may be useful to follow a 'leapfrog’ approach, wherein the two probes
are inserted tfo initial locations and a lesion is created between the
probes. Once the first lesion is created, the first probe is repositioned so
as fo be located on the other side of the second probe, for example
more cephalad along the sacrum, and a second lesion is created.
Following this, the second probe is repositioned so as to be located on
the other side of the first probe, even more cephalad along the
sacrum, and so on. This method can also be practiced by using a
multiplicity of probes and leaving each probe in place. In other words,
once a probe is in place it may remain there and further probes may
be inserted in order to achieve this 'leapfrog' lesioning approach. In
this way, an effective stip lesion may be created. In other
embodiments, bipolar probes may be used in conjunction with various
other approaches and this invention is not limited to using bipolar

probes with this specific approach.

[0067] In embodiments of the present invention that employ more
than one probe, the probes used during the course of a treatment
procedure may form part of the circuit of an electrical impedance
meter, as is known in the art, wherein energy may be transmitted

between the probes through a region of tissue, allowing a user to
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determine the impedance of said region of tissue. This feature may be
useful to determine whether or not the impedance of the tissue lies
within a 'normal’ range - if the impedance of the tissue is found to be
outside that range, it may be indicative of an injury or defect within the
fissue. As mentfioned above, a single probe may also have an
impedance measuring capability, for example to help determine the

location of the probe within a patient's body.

[0068] Certain embodiments of the present invention may further
comprise a step of performing a function to map the neural pathways
in the tissue and this step may occur one or more fimes throughout the
course of the procedure. The step of performing a function to map the
neural pathways in the tissue can involve, in some embodiments,
stimulation of the neural tissue at one or more physiological stimulation
frequencies and subsequent observation to determine the effect of
said stimulation. Various frequencies and voltages can be used to
stimulate both sensory and motor nerves, as is described herein below
with respect to a second method aspect of the present invention.
Observation of stimulation can take the form of visual, sensory,
mechanical, or electrical detection of muscle activity, or the form of |
sensory or electrical detection of nociceptive or other sensory neural
activity (e.g. temperature). Using i‘his step, it can be determined
whether a target nerve or nerves has a function that would
contraindicate its ablafion or functional alteration. In some
embodiments, the lack of a contraindication would lead to the step of
delivering energy, whereas the presence of a contraindication would
lead back to the step of inserting a probe or probes, whereby the step
of inserting a probe or probes includes modifying the position of a
probe or probes within the body.
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[0069] In an alternate embodiment of this first aspect of the method
of the present invention, the method may comprise the steps of:
positioning a tfreatment device, for example a probe, at a target site in
proximity to an anatomical structure within the sacroiliac region; and
delivering energy to the probe to treat the target site. In such an
embodiment, the anatomical structure may impede the flow of
electrical current such that a substantially homogeneous lesion may be
created by the delivery of energy to the target site. For example, the
anatomical structure may comprise bony tissue, for example on the
surface of the sacrum, and the probe may be positioned in proximity to
the sacrum such that the various crests and troughs of the sacrum act
as means for impeding the flow of electrical current. In other words,
the anatomical structure may function as an elechical discontinuity,
which, as described above, may aid in the formation of a substantially

homogeneous lesion.

Second Aspect

[0070] In accordance with a second aspect of an embodiment of g
method of the present invention, a method for the treatment of SIS by
performing a treatment procedure within or adjacent to the SI joint is
provided. Some embodiments of this aspect generally comprise the
steps of: inserting a device into or adjacent an $l joint in a patient's
body and performing a treatment operation in order to treat the S joint
and/or the surrounding region. For example, the method may
comprise the steps of: positioning at least one probe, or a portion
thereof, within or adjacent to a sacroiliac joint; and delivering energy
through said at least one probe to create an intra-articular lesion, for
example a substantially homogeneous lesion. Energy may be
delivered in various configurations and may achieve various results, as

Will be presently described. This approach is beneficial because it may
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allow for a freatment procedure that can effectively target neural
tissue that derives from both the anterior and posterior (also referred to
as ventral and dorsal) primary rami. This approach also reduces the risk
of inadvertently damaging crucial neural structures, such as motor
nerves or large sensory nerve trunks, since it is designed to affect only

the neural structures present within or adjacent the S| joint itself.

[0071] More specifically, a first embodiment of the method comprises
the steps of: inserting at least one probe into or adjacent the Sl joint
and delivering energy through the probe(s), wherein the energy may
be delivered in order to ablate fissue. In the embodiment shown in
Figure 10a, a probe 1040, comprising an active portion 1042 and a
proximal region (not shown), is inserted into the intra-articular space
(also referred to as the joint space) 1010 of the Sl joint 904. In such an
embodiment, probe 1040 may comprise insulated regions 1044 and
conductive regions 1046 associated with active portion 1042, and
probe 1040 may be operable in a monopolar configuration in
conjunction with a grounding pad (not shown) placed at some
location on the surface of the patient's body. Preferably, probe 1040 is
able to create a strip lesion 1050 within Sl joint 904, in order to treat as
much of the joint as possible within a single treatment procedure.
Because the Sl joint 904 is diifficult fo access, the ability to create a strip
lesion to tfreat a large area with the insertion of only one probe is
desirable in some situations. For example, a strip lesion having its
longest dimension parallel to the longitudinal axis of the energy delivery
device may have a length:width and/or depth ratio of approximately
3:1, i.e. the length substantially exceeds one or more of the width
and/or the depth. Alternatively, another example of a strip lesion is @
lesion that has its longest dimension on any axis other than an axis

parallel to the longitudinal axis of the energy delivery device. Such a
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lesion may be created substantially between two or more probes, for
example in a bipolar configuration. Alternatively, such a lesion may be
created by a single probe. However, the ability to create a strip lesion
is not necessary and, in alternate embodiments, the probe may indeed
not be required to create or even capable of creating a strip lesion.
Rather, various probes, capable of producing lesions of various shapes
and sizes, may also be used in conjunction with this method aspect of

the present invention.

[0072] Referring now fo the steps in detail, the step of inserting at least
one elongated probe may comprise penetrating into the joint using
one or more rigid infroducers 1030 or other insertional apparatus, and
inserting the probe(s) through the introducer(s). Penetration into the
joint may also be facilitated by the use of a sharp or pointed probe(s),
by the use of a stylet, by the insertion of a guide wire or by any other
insertional method or device and the invention is not limited in this
regard. It should also be noted that the introducer(s) or other means
for insertion may or may not be electrically and/or thermally insulated
and they may be curved or straight. In the context of the present
invention, the term 'curved' is taken to refer to a deviation from the
longitudinal axis of the device. A curved introducer may fake several
forms and the invention is not limited in this regard. For example, it may
be curved along a substantial portion of its radius or it may have a bent
fip, wherein the rest of the introducer may be straight. Furthermore, the
length and diameter of the introducer are not limited to specific values
and any suitably sized infroducer may be used. For clarity, the term
introducer will be used throughout this specification and is intended to
encompass any device that may facilitate entry of the probe into a
specific site within the body of a patient. In embodiments that include

such devices, these devices may be capable of penetrating into a
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patient's body as well as penetrating through one or more of the
ligaments surrounding the Sijoint. In alternate embodiments, the probe
may be positioned at the appropriate location within a patient's body

without using any additional means to facilitate insertion.

[0073] During the step of inserting the probe(s), the position of the
probe(s) and/or infroducer(s) may be visualized and/or monitored, for
example by using fluoroscopy or other imaging modalities.  If
fluoroscopy is used, visualization may be improved by incorporating
radio-opaque markers onto one or more of the probe(s) or
intfroducer(s). In some embodiments, radio-opaque markers may be
incorporated onto a distal region of the probe(s) in order to determine
the distance that the probes are extending out of the introducer(s). In
addition, visual depth markers may be used to help determine the
position of the probe(s) or introducer(s) within the body. Furthermore,
positioning may be confirmed by measuring the impedance of tissue
at the location of the probe(s) or introducer(s), as is known in the art.
In some embodiments, positioning may not be verified using these
means and a user may rely in whole or in part on his or her knowledge

of a patient's anatomy in order to accurately place the device(s).

[0074] More specifically, and with reference sfill to Figure 10aq,
infroducer 1030 may be inserted percutaneously about 1 to about 3
cm below the inferior margin 1014 of Sl joint 904 and guided anterio-
cranially until the tip 1032 contacts the ilium about 1 cm above inferior
margin 1014. Infroducer 1030 may then be manipulated until a tip of
introducer 1030 enters the joint space. Probe 1040 may then be
guided through infroducer 1030 until a tip of probe 1040 enters intra-
articular space 1010. Probe 1040 may then be further advanced to
traverse infra-articular space 1010 of Sl joint 904. Once probe 1040 is
properly positioned, energy may be applied to create a lesion 1050
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within SI joint 904. In an alternative embodiment and with reference
now to Figure 10b, infroducer 1030 may be initially manipulated so that
the introducer fip 1032 is placed just superior to the most posterior point
of inferior margin 1014. Probe 1040 may then be guided through
infroducer 1030 and advanced along the posterior side of the posterior
margin 1016 of SI joint 904 (outside the joint). Once probe 1040 is
properly positioned, energy may be applied to create a lesion 1050
outside and/or within the joint (i.e. the lesion may or may not extend
info the infra-arficular space 1010 of the joint 904). In a further
alternative of this treatment procedure, illustrated in Figure 10c,
intfroducer 1030 is manipulated until a tip 1032 of introducer 1030 enters
infra-articular space 1010 at a more caudal point of the anterior-inferior
margin 1020 of Sl joint 904. Probe 1040 may then be guided through
introducer 1030 and along the posterior side of the anterior margin
1022 of §I joint 904 (inside the joint). Once probe 1040 is properly
positioned, energy may be applied to create a lesion 1050 along the
anterior side of S| joint 904. In any of these embodiments, the

infroducer 1030 may be inserted some distance into the Sl joint 904.

[0075] Referring now to the step of delivering energy through the
probe(s), this may be accomplished by providing, for example, a
generator, operable tfo deliver radiofrequency (RF) energy in the range
of for example about 200 kHz to about 1 GHz, connecting the
generator to the probe(s) and operating the generator to deliver said
RF energy to the Sl joint through an energy delivery device associated
with a distal region of the probe(s). A generator that may be used to
perform these treatment methods, by way of non-limiting example, is
the Pain Management Generator (PMG) from Baylis Medical Company
Inc., Montreal, QC, Canada. Features of this generator are described

in co-pending U.S. patent applications: 10/122,413, filed on April 16,
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2002; 10/323,672, filed on December 20, 2002; 10/864,410, filed on June
10, 2004; 10/893,274, filed on July 19, 2004; and 11/198,099, filed on
August 5, 2005. Al of the aforementioned applications are

incorporated herein by reference.

[0076] In one embodiment, the generator is operable to deliver
sufficient energy to the target tissue through the probe(s) so that tissue
within or adjacent to the Sl joint may be ablated, as has been defined
earlier. In such embodiments that involve the ablation of a region of
fissue, the fissue ablated according to this aspect of the invention can
include, but is not limited fo, one or more of: neural fissue, whose
ablation can prevent the fransmission of pain sensation: structural or
connective tissue, whose ablation can cause a contraction of
collagen and a reduction in the volume of the intra-arficular space of
the joint; and vascular tissue, whose ablation may result in the
disruption of nutrient supply fo one or more neural structures. In some
embodiments, as described above, energy may be delivered in a
substantially homogeneous manner to create ¢ substantially
homogeneous lesion. In alfernate embodiments, the energy delivered
by the generator through the probe(s) may not ablate tissue but may
perform one or more other freatment functions, such as altering the
structure of collagen (without causing cellular coagulation) or globally
heating the joint, thereby altering the function of neurdl tissue, without
necessarily ablating or destroying the nerves themselves. Thus, the
function of neural tissue may be altered with or without ablating the
neural tissue. Other alternative treatment functions may include, but
are not limited to, denaturing enzymes or increasing heat shock

proteins in the Si joint.

[0077] Alternatively, RF current, microwave current, or other energy

could be delivered in a series of amplitude or frequency modulated

46



WO 2006/086882 PCT/CA2006/000229

10

15

20

25

pulses, whereby tissue heating is inhibited by interrupting periods of
energy delivery with relatfively long periods in which no energy is
delivered. By pulsing the energy in this manner, a voltage that is
sufficiently high to affect a prolonged disruption of the function of
neural tissue may be used, while maintaining the fissue at a
temperature such that no lesion will form, or such that the formation of
a lesion will be inhibited. In further embodiments, a generator may not
be used. In these embodiments, energy may be generated by a
battery or any other means (in which case the entire system [probe
and energy source] may be hand-held/portable/modular) and the
invention is not limited in this regard. Without limitation, any delivery of
energy that may result in a freatment effect to alleviate symptoms of
SIS is intended to be included within the scope of this aspect of the

present invention.

[0078] Regarding connecting the generator to the probe(s), the
generator may, in some embodiments, be releasably coupled to the
probe(s). For example, this may be achieved by providing releasable
electrical connectors at or close to the proximal region of the probe(s).
In embodiments in which the probe(s) are cooled, the proximal region
of the probe(s) may further comprise releasable connectors, such as
Luer locks, to couple one or more means for cooling, such as peristaltic
pumps and associated tubing, to the probefs). In alternate
embodiments, the probe(s) may be permanently attached to the

generator and/or the one or more means for cooling.

[0079] As mentioned above, in some embodiments, the probe(s) may
be operable to create a single strip lesion within the joint, for example
a substantially homogeneous strip lesion. In addition, the probe(s) may
e operable to create such a lesion during the course of a single

energy delivery step or while the probe remains in a substantially static

47



WO 2006/086882 PCT/CA2006/000229

10

15

20

25

position, as has been described above. It should be noted, however,
that creating strip lesions through one or more probe repositioning or
energy delivery steps, as well as creating individual, non-strip lesions,

also fall within the scope of this invention.

[0080] In addition, although the aforementioned embodiments have
been described using only one probe, several probes may be used in
order to deliver energy within the Sl joint. Furthermore, each of these
probes may comprise one or more conductive regions. For example, in
adlfernate embodiments, two or more probes may be used in a bipolar
configuration.  In some such embodiments, the probes may, for
example, be spaced apart by a distance that is not greater than
about five times the diameter of the energy delivery devices located
on the probes. Such spacing may be advantageous when using non-
cooled probes. Using cooled probes, as discussed below, may allow
for a larger separation distance between the probes. In addition, in
some embodiments, the probes may be separated by a distance of at
least about 1 cm. In other embodiments, probe separation may vary
and may be more or less than the aforementioned maximum and
minimum distances. In yet further embodiments, three or more probes
may be used in a friphasic configuration. It should be noted that when
more than one probe is used, the probes may be operated in a
monopolar configuration and the invention is not limited in this regard.
For example, several probes may be operated in a monopolar
configuration, whereby a specific lesion shape may be obtained by
determining an optimal spacing between probes that may produce a
specific interference pattern and thus, a specific current density

resulting in a desired lesion shape.

[0081] In some embodiments of this aspect of the present invention,

the method may further comprise a step of moving the probe(s) to
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another location within the fissue if the user so desires. The probe(s)
may be moved before, during, or after the step of delivering energy,
and may be moved one or more times. The step of moving the probes
may comprise one or more of the following actions: applying a force to
bend the probe within the tissue (wherein the probe may thus be
described as a 'steerable’ probe), moving the probe intact within the
tissue, removing the probe intact from the tissue, re-inserting the probe
info the tissue and moving one or more parts of the probe (for
example, extending or retracting a segmented probe telescopically)
to move the position of one or more functional elements within the

fissue.

[0082] In use, and with reference again to Figures 10a to 10c, a first
embodiment of this aspect of a method of the present invention may
be practiced as follows: a patient is made to lie prone on an
operating table or similar structure, a grounding pad is placed on the
surface of the patient's body and local anesthetic is provided in the
area to be freated (for example, at or near the Si joint). If neural
stimulation will be performed, as discussed below, the stimulation step
may be performed prior o the delivery of anesthetic (if anesthetic is
used). Prior to the insertion of the probe(s) or intfroducer(s), fluoroscopic
imaging or other means may be used to visualize a patient's sacroiliac
region in order to ascertain the desired approach for inserting the
device(s) into the Sl joint. This is particularly important with respect to
SIS freatment procedures because the anatomical structures involved
may vary significantly from patient to patient. Various angles of
approach and sites of entry may be used and the invention is not
limited in this regard. After introducer 1030 has been inserted, the
position of infroducer 1030 may be verified using fluoroscopic imaging

(or other imaging modalities) or other means, after which probe 1040
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may be inserted through a bore or lumen of introducer 1030 such that
at least a portion of active portion 1042 of probe 1040 is located within
or adjacent to joint 904, depending on the specific target lesion site. I
should be noted that, in those embodiments that comprise a stylet to
facilitate positioning of the probe, the stylet may be located within an
infroducer and may be removed from the introducer prior to insertion

of the probe.

[0083] In some embodiments, as shown in Figure 10q, probe 1040 is
advanced far enough into joint 904 so that a strip lesion 1050, for
example a substantially homogeneous strip lesion 1050, will be created
across a substantial part of the long axis of joint 204 when energy is
delivered to conductive regions 1046. Probe 1040 may be advanced
until further advancement is impeded by an anatomical structure, such
as a bone or a ligament. It may be desirable that probe 1040 be
inserted into joint 904 in such a way so as to minimize damage to the
connective tissues of the joint, including the articular cartilage located
at the surfaces of the bones, as well as the various ligaments
associated with joint 904. Therefore, in order to avoid damaging these
tissues, the probe may be inserted into the cartilaginous space 1018 of
joint 904, as shown in Figure 10a, in which case it would be desirable to
have a probe flexible enough to conform to the boundaries of
cartilaginous space 1018. In addition, some embodiments may utilize a
probe capable of creating a relatively thin strip lesion (i.e. a strip lesion
with a small diameter or a strip lesion with short minor axes) so that the
lesion does not extend too deeply into the cartilage. Depending on
the specific probe that is used, a user may receive tactile feedback to
indicate that the probe is contacting cartilage or ligamentous tissue
and the user may then decide to retract the probe slightly and

attempt to reposition the probe. In alternate embodiments, a probe
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may be introduced into the Sl joint without being inserted into the
cartilaginous space, for example in order to reach certain nerves which
may be located throughout the joint, for example as shown in Figure
10b. ’

[0084] In general, when inserting probe 1040 into joint 204, care should
be taken to insert the probe as far as possible into joint 904 while
minimizing the collateral damage to the tissues that make up the joint.
In other embodiments, the probe may not initially extend a large
distance into the joint, in which case smaller lesions may be made
while advancing the probe slowly through the joint space in order to
treat as much of the joint space as possible. In yet further
embodiments, it may be desirable to have at least a portion of the
probe located proximate to or within a region of cartiloge. For
example, this may be desirable if it is suspected that a fissure or other
defect exists within the cartilage, in which case it may be beneficial to
apply energy directly to the cartilage in order to heal the fissure or
other defect. At this point, energy may be delivered from a generator
via conductive regions 1046 to a target site within the tissue of Sl joint
904. If the probe is steerable, the probe tip may be maneuvered info a
second location within the joint and energy may again be delivered to
ablate the neural tissue at the second location. This may be repeated
as many times as the user wishes. [f the probe is not steerable, the
probe may be removed from the joint and/or the patient and the
positioning and insertion steps may be repeated so that the probe is
located at a second position, at which point energy may be delivered

again at this location.

[0085] Once the user has determined that enough neural fissue has
been ablated or otherwise affected, the infroducer and probe may be

removed from the body and the patient should be allowed to recover.
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It should be noted that this description is intended to be exemplary
only and that other embodiments are envisioned as well. In addition,
this invention is not intended to be limited by the number and type of
probes used in this and other embodiments as well as the number and
type of lesions created by these probes. It is also important to note
that the aforementioned embodiments have been described with
reference to a typical structure of an Sl joint, as can be found in the
literature. However, the Sl joint is known to be extremely variable and
the structures discussed with respect to this preferred embodiment may
not be present in some individuals or may be located in different areas
of the joint. Thus, the present invention is not intended to be limited by

these embodiments.

[0086] In dalternate embodiments of this aspect of the present
invention, energy may be delivered in forms other than radiofrequency
elecirical energy, including but not limited to: other forms of
electromagnetic energy, for example microwave energy or optical
energy; thermal energy; mechanical energy; and ulfrasonic energy:
and combinations thereof. Additionally, the step of delivering energy
could involve the use of other energy delivery devices including, but
not limited fo: microwave probes, opftical fibers, resistive heaters, and

ultrasound emitters.

[0087] The step of delivering energy to the tissue, may involve, in some
embodiments, the use of devices in which the one or more probes are
actively or passively cooled. Cooling of probes can prevent the
searing or coagulation of tfissue directly adjacent fo the probe(s) and
can prevent the vaporization of liquid within the tissue. Cooling can
also be used to increase the maximum lesion volume that can be

formed in a given tissue.
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[0088] In addition to optionally measuring impedance, as in one
embodiment described above, some embodiments further comprise
an additional step of measuring the temperature of tissue at least at
one location. This is generally desirable so as to ensure that a given
region of fissue is not exceeding a certain temperature. For example,
in some embodiments it may be desirable to maintain the temperature
of tissue at or below a temperature required for neural ablation. A
means for monitoring temperature may be located on or within or
about a distal region of the one or more probes and the temperature
of fissue located proximate to the distal region(s) of the probe(s) may
be monitored using the means for monitoring temperature.
Alternatively or in addition, a means for monitoring temperature may
be located at a different location on the one or more probe(s) to
monitor the temperature of a region of tissue located some distance
away from the distal region(s) of the probe(s). Furthermore, one or
more separate means for monitoring temperature may be inserted into
the patient's body in order to monitor the temperature of one or more
specific regions of tissue. The means for monitoring temperature may
tfake the form of one or more thermocouples, thermistors, optical
thermal sensors or any other means for monitoring or sensing
temperature and the invention is not limited in this regard. The means
for monitoring temperature may be connected directly to the energy
source (e.g. the RF generator) or they may be monitored by an
independent temperature monitoring device. These embodiments are
infended to be exemplary only and are not infended to limit the

present invention in any way.

[0089] As a feature of this aspect of the present invention, an
embodiment of this method may further comprise one or more steps of

modifying a freatment procedure in response to one or more
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measured parameters. These measured parameters may include, but
are noft limited to, temperature, position of the probe(s) or impedance.
For example, if a temperature measurement is determined fo be
outside of a desired range, a freatment 'procedure may be modified
by, for example, altering the amount of energy delivered by the
generator (for example, by altering the maximum allowable
temperature or changing the temperature ramp rate), modifying or
modulating the one or more means for cooling in some way (for
example, by adjusting the rate of coolant flow), or terminating the
procedure. As another example, the amount of energy delivered by
the generator may be modified based on the position of the one or
more probes (for example, depending on the distance between a
probe and the target freatment site or on the distance between the
probes themselves when more than one probe is used). In such
embodiments, a feedback system may be incorporated directly into
the energy source so that any modification of a freatment procedure
in response to a measured parameter may occur automatically. In
other embodiments, there may not be an automatic feedback system
in place, in which case a user may manually modify a treatment
procedure in response to a measured parametfer. In addition fo
modifying a treatment procedure based on measured parameters, this
invention also provides for a step of determining the initial parameters
to be used in a treatment procedure (for example, the initial maximum
power level or tissue temperature, temperature ramp rate, etc.) using
information that is known about the particular Sl joint to be freated. For
example, if pre-freatment testing reveals specific information about the
Sl joint of a particular patient (this information may include, but is not
limited to: joint geometry, presence or absence of synovial fluid, efc.),
that information may be used to decide on what pordme’rers to use

initially for the freatment procedure.
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[0090] In some embodiments of this aspect of the present invention,
the step of performing a treatment, for example in order to reduce
pain associated with SIJS, may comprise the addition or removal of
material to or from the joint. Material that may be added to the joint
includes, but is not limited to: alcohol, chemical lysing agents,
pharmaceutical agents (including, but not limited to, anesthetics and
other medicaments), sealants, matrix molecules such as collagen or
fiorinogen, electrolyte solutions, contrast media, or any combination of
the above. Material that may be removed from the joint includes, but
is not limited to: synovial fluid, ligamentous tissue, cartilage and any
other material whose removal may help to treat the Sl joint. The
removal of material may be accomplished through various means,
which can include aspiration, vaporization or mechanical
conveyance. Furthermore, the steps of addition and removal of
material can be performed concurrently, for example by irrigating the
joint with a liquid medium while aspirating the liquid effluent from the
space. The addition or removal of material may also be combined
with the delivery of energy, as has described above, wherein the
delivery of energy and the addition or removal of material may occur
concurrently or sequentially.  An exemplary device for removing
material from a patient's body has been described in co-pending U.S.
patent application 11/128,432, filed on May 13, 2005 as well as U.S.
provisional patent application 60/594,109 filed on March 11, 2005.

These applications are herein incorporated by reference.

[0091] According to this aspect of the present invention, as has been
described, one or more probes or other devices are placed at some
location within or adjacent to the §l joint. It should be understood that
the probe(s) may be inserted into any tissue within or adjacent to the

joint, including, but not limited to the ligaments, cartilage or intra-
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articular region of the joint. Furthermore, as has already been
mentioned, a probe may be inserted using any approach that allows
access to the joint, including but not limited to: a superior posterior
approach, an inferior posterior approach, or an anterior approach. For
example, in one alternate embodiment, a probe may be inserted
percutaneously using an inferior posterior approach and advanced
into the Sl joint through a synovial capsule 1012 located at or proximate
to inferior inferior margin 1014. In such embodiments, the probe may
be operable to conform to the shape of synovial capsule 1012. In yet
another embodiment, a probe and/or introducer may be inserted into
a patient's body in such a manner so that the probe and/or introducer
can be positioned proximate to the posterior margin of the Sl joint, with
the probe oriented approximately perpendicularly to the patient's
body. In such an embodiment, the probe may be inserted into the
joint and used to create a strip lesion along an anterior-posterior plane
through the joint. Thus, this invention is not limited to one specific

approach.

[0092] If more than one probe is used, the probes may be inserted
info the joint using different approaches. For example, when
practicing this method aspect of the present invention using two
probes in a bipolar configuration, as has been previously mentioned,
the probes may be inserted at a relatively higher angle |(i.e. closer to
an anterior-posterior plane approach) with respect to the patient's
body. In such embodiments, the probes may not penetrate as far into
the Sl joint and may be more effective in treating the periphery of the
SI joint, for example along the posterior joint line. In addition, when
using probes in a bipolar configurcﬁbn in this manner, it may be useful
to follow a 'leapfrog' approach, wherein the two probes are inserted to

initial locations and a lesion is created between the probes. Once the
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first lesion is created, the first probe is repositioned so as to be located
on the other side of the second probe, for example more cephalad
(towards the head, i.e. superior]) in the joint, and a second lesion is
created. Following this, the second probe is repositioned so as to be
located on the other side of the first probe, even more cephalad in the
joint, and so on. This procedure is repeated along the long axis of the
joint until a sufficient portion of the joint has been freated. Depending
on the specific case, this may occur after as few as one or two lesions
are created or it may require treating the entire posterior margin of the
joint, including in the area of the crest of the ilium. This method can
also be practiced by using a mulfiplicity of probes and leaving each
probe in place. In other words, once a probe is in place it may remain
there and further probes may be inserted in order to achieve this
'leapfrog' lesioning approach. In this way, an effective strip lesion may
be created. In other embodiments, bipolar probes may be used in
conjunction with various other approaches and this invention is not

limited to using bipolar probes with this specific approach.

[0093] In embodiments of the present invention that employ more
than one probe, the probes used during the course of a freatment
procedure may form part of the circuit of an electrical impedance
meter, as is known in the art, wherein energy may be transmitted
between the probes through a region of fissue, allowing a user to
determine the impedance of said region of tissue. This feature may be
useful to determine whether or not the impedance of the tissue lies
within a 'normal' range - if the impedance of the fissue is found to be

outside that range, it may be indicative of an injury or defect within the |
tissue. As mentioned above, a single probe may also have an
impedance measuring capability, for example fo help determine the

location of the probe within a patient's body.
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[0094] As an additional feature of this aspect of the present invention,
certain embodiments may further comprise a step of performing a
function to map the neural pathways in the tfissue and this step may
occur one or more fimes throughout the course of the procedure. The
step of performing a function to map the neural pathways in the fissue
can involve, in some embodiments, stimulation of the neural fissue at
one or more physiological stimulation frequencies and subsequent
observation to determine the effect of said stimulation. Various
frequencies (for example, between about 1 and about 200 Hz) and
voltages (for example, between about 0.1 to about 5 Volts) can be
used fo stimulate both sensory and motor nerves. Observation of said
stimulation can take the form of visual, sensory, mechanical, or
electrical detection of muscle activity, or the form of sensory or
electrical detection of nociceptive or other sensory neural activity (e.g.
temperature sensation). Using this step, it can be determined whether
a target nerve or group of nerves has a function that would
confraindicate its ablation or functional alteration. In some
embodiments, the lack of a contraindication would lead 1o the step of
delivering energy, whereas the presence of a confraindication would
lead back to the step of inserting a probe or probes, whereby the step
of inserting a probe or probes includes modifying the position of a
probe or probes within the body. Furthermore, in some embodiments,
a method of this aspect of the present invention may comprise a step
of stimulating neural tissue after a freatment procedure in order to

determine the effectiveness of the treatment procedure.

Other Applications

[0095] The present invention may be used in a wide range of
treatment applications within the body, each of which may use a

specific embodiment of a device of the present invention. Such
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applications include, but are not limited to: electrosurgical freatment
of cardiac ftissue, treatment of intervertebral discs, treatments of the
facet joints of the spine, infraosseus treatment procedures, tumor
treatments, prostate treatmenis and electrosurgical treatments of any
other tissue. Such treatments may include but are not limited to
ablation of neural tissue, ablation of vascular tissue, collagen shrinkage
procedures, lissue coagulatfion, fissue vaporization and other
procedures involving the delivery of energy or another treatment

composition to a region of fissue.

[0096] In all applications using a device of the present invention, a
method of using the device may generally involve the steps of inserting
the device adjacent a tissue to be treated and delivering energy or
another treatment composition to the tissue to be treated using an
embodiment of a device of the present invention. Additional steps
may include but are not limited to positioning a device using
fluoroscopic imaging (or other medical imaging techniques such as CT,
MRI and ultrasound) or other forms of guidance, repositioning the
device where necessary, stimulating neural tissue by applying low-
frequency energy, adjusting the electrical conductivity of the device,
measuring an electrical or physiological parameter (e.g. tissue
temperature, impedance, pressure, etc.) and adjusting an aspect of

the treatment procedure based on the measured parameter.

[0097] The embodiments of the invention described above are
intended to be exemplary only. The scope of the invention is therefore

infended to be limited solely by the scope of the appended claims.

[0098] It is appreciated that certain features of the invention, which
are, for clarity, described in the context of separate embodiments,

may also be provided in combination in a single embodiment.

59



WO 2006/086882 PCT/CA2006/000229

10

15

Conversely, various features of the invention, which are, for brevity,
described in the context of a single embodiment, may also be

provided separately or in any suitable subcombination.

[0099] Although the invention has been described in conjunction
with specific embodiments thereof, it is evident that many alternatives,
modifications and variations will be apparent to those skilled in the art.
Accordingly, it is infended fo embrace all such alternatives,
modifications and variations that fall within the spirit and broad scope
of the appended claims. All publications, patents and patent
applications mentioned in this specification are herein incorporated in
their entirety by reference info the specification, to the same extent as
if each individual publication, patent or patent application was
specifically and individually indicated to be incorporated herein by
reference. In addition, citation or identification of any reference in this
application shall not be construed as an admission that such reference

is available as prior art to the present invention.
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We claim:

. An apparatus comprising a substantially rigid probe able to create

a substantially homogeneous strip lesion within a patient's body,
wherein the probe comprises an active portion for delivering energy

to the patient's body.

. The apparatus of claim 1, wherein the probe comprises at least

three regions of electrical discontinuity.

. The apparatus of claim 2, wherein the active portion includes at

least three electrically conductive and exposed regions separated
by electrically insulated regions and wherein the lengths of at least

two of the conductive regions differ.

. The apparatus of claim 3, wherein the lengths of the conductive

regions decrease towards the middle of the active portion.

. The apparatus of claim 1, wherein the active portion is slidably

disposed within an insulating member such that the position of the
active portion relative to the insulating member may be altered

during a freatment procedure.

. The apparatus of any one of claims 1 - 5, wherein the active portion

is at least 10 mm in length.

. The apparatus of claim 6, wherein the active portion is at least 15

mm in length.

. The apparatus of any one of claims 1 — 7, wherein the device is

structured to deliver energy in a monopolar configuration.
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9. The apparatus of claim 8, wherein the active portion comprises a

single electrode.

10.The apparatus of any one of claims 1-7, wherein the device is

structured to deliver energy in a bipolar configuration.

11.The apparatus of claim 1, wherein the probe includes a proximal

region and a distal region and defines a lumen therethrough.

12.The apparatus of claim 11, wherein the probe further comprises at
least two apertures associated with the distal region in fluid

communication with the lumen.

13.The apparatus of claim 12, wherein the at least two apertures are

separated by a flow impeding structure.

14.The apparatus of claim 13, wherein the flow impeding struciure

forms a portion of a wall of the distal region.

15.The apparatus of any one of claims 1-14, further comprising o

means for cooling the probe coupled to the probe.
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