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RENAL NERVE DENERVATION VIA THE RENAL PELVIS

BACKGROUND OF THE INVENTION

[0001] 1. Field ofthe invention. The present invention relates generally to medical

devices, systems, apparatus, and methods for modifying nerve function and treating
disease. More particularly, the present invention relates to methods and apparatus for
exchanging energy or delivering active agents through the renal pelvis to modify
sympathetic nerve activity in the adventitia of arteries and/or veins that surround the
external surface of the renal pelvis in the kidney and in the afferent and efferent nerves
within the muscles layers, urothelium and submucosa of the renal pelvis.

[0002] Hypertension, or high blood pressure, is a significant and growing health risk
throughout the world. Hypertension can be caused by hyperactive renal sympathetic nerves
which extend adjacent to the outside of the arteries and veins leading to a patient's kidney
as well as within the wall of the renal pelvis. Renal nerve activity can be a significant
cause of systemic hypertension, and it has long been known that disrupting renal nerve
function can reduce blood pressure. More recently, hypertension therapies based on
disrupting the renal nerves surrounding the renal arteries leading to the kidney (renal
denervation) have been proposed and are described in the medical and patent literature.
[0003] Heretofore, most of the proposed renal denervation therapies have utilized an
intravascular approach where a catheter is introduced into the arterial system and advanced
to the main renal artery leading to the left or right kidney. Once located at a desired target
site within the main renal artery, the catheter is used to deliver radiofrequency energy,
heat, drugs, or the like to disrupt the function of the renal nerves which surround the
artery. While effective, these techniques present a risk of injury to the renal artery and
suffer from all the known disadvantages associated with intravascular access and
therapies.

[0004] For these reasons, it would be desirable to provide alternative protocols and
apparatus for accessing the renal nerves for the purpose of performing denervation or other
renal nerve function disruptions which do not rely on intravascular access and which are not
performed in the main renal artery leading to the kidney. It would be further desirable if such
protocols and apparatus could be performed minimally invasively, would present a reduced
risk of injury and trauma to the patient, were economical, and could be performed using

simplified and scalable methods. In particular, it would be desirable to provide methods and
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apparatus for renal nerve denervation and modulation that could be performed using a natural
orifice surgery. At least some of these objectives will be met by the inventions described
herein below.

[0005] 2. Description of the Background Art. U.S. Patent Publication No. 2011/0060324

describes apparatus, systems, and methods for performing thermally-induced renal
neuromodulation by intravascular access. U.S. Patent Publication No. 2011/0104061
describes apparatus, systems, and methods for active agents to the renal arteries for achieving
renal denervation. Published PCT Application W02010/067360 describes methods and
apparatus for modifying blood pressure and kidney function via stimulation of the urinary

tract by stimulating the renal nerves.

BRIEF SUMMARY OF THE INVENTION

[0006] The present invention provides apparatus, systems, and methods for disrupting,
inhibiting, denervating and/or modulating the activity of renal nerves present in a patient's
kidney by exchanging energy or delivering active agents or substances to the renal nerves
which lie within the wall of the renal pelvis or adjacent to the renal pelvis within the
kidney. Most commonly, such renal denervation and/or modulation will be for the purpose
of reducing blood pressure in patients suffering from and/or diagnosed diagnosed with
hypertension, but the methods and apparatus of the present invention could be used for
treating patients diagnosed with other conditions as described below. The energy exchange
or agent delivery is effected through a wall of the renal pelvis using an effector which has
been positioned within the interior of the renal pelvis. The renal blood vessels, including
the renal arteries and to a lesser extent the renal veins, enter the kidney in a branching
network from the main renal artery and main renal vein leading to the kidney. The renal
nerves are present in the adventitial tissue surrounding these branching blood vessels as
well as in the tissue bed adjacent to the external wall of the renal pelvis. The renal nerves
are also in the wall of the renal pelvis in the form of a dense nerve matrix consisting of
both afferent and efferent nerves between the muscle layers as well as within the
endothelium and submucosa.

[0007] The wall of the renal pelvis is a particularly rich source for afferent sensory nerves
which are found in the urothelium which lies immediately adjacent to the renal pelvis. They
are also found in rich supply in the intermediate submucosale layer which is closest to the
urothelium. The renal pelvis wall is also a source for efferent nerves which are found in both

the intermediate and outer submucosale layers. Thus, the treatments of the present invention
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which exchange energy or deliver active agents from the renal pelvis may be particularly
effective in treating the afferent sensory nerves which are presently believed to be principally
responsible for the reduction of hypertension.

[0008] The present invention relies on introducing or advancing the effector into the interior
of the renal pelvis by a minimally invasive approach or access. Usually the access will be
through the urinary tract and thus not require percutancous penetration (and thus may be
performed as a "natural orifice surgery"). Alternatively, the access could be achieved through
known laproscopic or other percutancous techniques relying on access penetrations through the
abdominal wall and advancement of tools through the body of the kidney in order to access the
hilum and in turn the renal pelvis. Such laparoscopic techniques are on the one hand
disadvantageous because they require such tissue penetrations but on the other hand are
advantageous in that they allow introduction and utilization of large tools under direct
visualization which would not be possible using a minimally invasive approach via the urinary
tract.

[0009] Once in the interior of the renal pelvis, the effector will be used to exchange
energy and/or deliver active agents or substances to the wall of the renal pelvis and
additionally to the tissue bed surrounding the exterior wall of the renal pelvis to effect
nerve denervation or modulation. Often, the effector will be an expandable structure, such
as an inflatable balloon or mechanically expandable cage, which can be deployed within
the renal pelvis to engage at least a portion of interior wall of the renal pelvis, often
engaging the entire interior wall of the renal pelvis. Elements for exchanging energy and/or
delivering active substances can be present on the outer wall of such expandable structures
or may be present within the interior of such expandable structures in order to generate,
exchange, and deliver energy and substances as described in more detail below.

[0010] Other embodiments of the effector include tissue-penetrating needles and electrodes
for delivering or exchanging energy within the wall of the renal pelvis, radiation-emitting
sources, such as radioisotopes, electronic radiation emitters, such as X-ray sources, and the like
[0011] In preferred embodiments of the present invention, the exchange of energy and/or
delivery of active substances will be limited to protect structures within the kidney not
surrounding the renal pelvis, such as the papillae, the parenchyma, the pyramids, and the
like. The energy exchange and/or active substance delivery may optionally extend into an
upper portion or region of the ureter, and in some cases it may be possible to position a
microwave antennae, ultrasound transducer, or other energy transmitter entirely within the

ureter to direct energy toward the nerves within and adjacent to the renal pelvis, e.g.,
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within the ureteral pelvic junction (UPJ). Limiting the therapies to avoid such sensitive
kidney structures surrounding the renal pelvis limits or eliminates damaging such
structures and adversely impacting renal function.

[0012] Thus, in a first aspect, the present invention provides methods for inhibiting or
modulating the function of renal nerves in a patient's kidney. The purpose of the inhibition
or modulation could be for treating systemic hypertension, chronic kidney disease, chronic
heart disease, sleep apnea, chronic pain, polycystic kidney disease, insulin resistance,
obesity, benign prostate hyperplasia, (BPH), or for other purposes. The method is carried
out by introducing an effector into an interior of the kidney and exchanging energy and/or
delivering active substances from the interior of the kidney through a wall of the renal
pelvis to the renal nerves within the pelvic wall as well as surrounding the renal blood
vessels within the kidney or UPJ. In many embodiments, the methods will rely on delivering
energy to raise the temperature of the renal pelvis and the tissue bed surrounding the blood
vessels to a temperature within a target range sufficient to inhibit or destroy nerve function
(denervation) typically being in the range from 45°C to 80°C, usually in the range from 45°C
to 60°C, typically for a time in the range from 3 sec. to 4 minutes, usually from 1 minute to 2
minutes. In such cases, the energy delivery will preferably be directed or limited so that
tissue beyond that surrounding the renal pelvis, such as other renal structures including the
papillae, the pyramids, and the like, is maintained below a temperature which would adversely
affect the tissue function, typically below 45°C. A number of particular methods and devices
for delivering energy to raise the tissue temperature are described in more detail below. In
other embodiments, the energy exchange may comprise extracting energy from the tissue bed
surrounding the blood vessels to cool said tissue bed to the temperature in the range from -
10°C to -100°C, typically from -50°C to -100°C. Such cooling of the tissue will typically be
carried out for a time period in the range from 3 sec. to 4 minutes, usually from 1 minute to 4
minutes. As with heating, the present invention will also limit the cooling of tissue
surrounding the renal pelvis to a temperature which will not adversely affect tissue function,
typically above -10°C.

[0013] The effector may be advanced to the interior of the renal pelvis of the kidney in a
variety of ways. Usually, the effector will be advanced through the urinary tract to reach
the renal pelvis without the need to penetrate tissue. In such cases, the effector will be
disposed on a urinary catheter, typically near a distal end of the catheter, and the urinary
catheter will be advanced through the urethra, the bladder, and the ureter to reach the renal

pelvis. Techniques for advancing catheters into the renal pelvis are known in the art, for
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example in connection with delivery of urinary stents to create drainage paths past urinary
stones. Usually, an access or guide catheter and/or a guidewire will be placed through the
urcthra into the bladder to provide an access path to the os of the ureter at an upper end of
the bladder. A second catheter carrying the effector will then be advanced through the
access or guide catheter and/or over the guidewire and then through the length of the ureter
so that the effector is position within the interior of the renal pelvis. The effector will
usually be expanded and then be used to exchange energy and/or deliver active substances,
as described in greater detail below.

[0014] Alternatively, the effector could be advanced to the renal pelvis percutaneously using
known laparoscopic and endoscopic techniques. For example, an access trocar may be placed
through the patient's abdomen, typically with insufflations of the abdomen to provide a
working space. Usually, two, three or even four of such access penetrations will be formed,
where one or more of these can be used to introduce the laparoscope or endoscope to visualize
the kidney. Tools may then be advanced through others of the access ports in order to penetrate
the retroperitoneal space and locate the kidney and to advance the effector through the
retroperitoneal space, into the hilum of the kidney, and further into and on the renal pelvis.
Once present in the renal pelvis, the effector will be used as described in more detail below in
order to achieve the desired therapeutic effect.

[0015] A number of specific devices and methods may be employed using the effector in
order to denervate, modulate, or inhibit the renal nerves within the wall of the pelvis or
surrounding the renal pelvis. For example, the effector may comprise electrodes, typically
on an inflatable or expandable structure, and the electrodes may be used to deliver
radiofrequency energy across the wall of the renal pelvis to treat the nerves within the wall
of the renal pelvis and/or further into the nerves surrounding the renal pelvis to heat the
tissue bed surrounding the pelvis to treat the renal nerves. The electrodes may be
monopolar, in which case the "active" electrodes on the effector will be connected to one
pole of a radiofrequency generator while the other pole will be connected to a dispersive
electrode placed on the patient's skin, typically on the small of the back. Alternatively, the
radiofrequency electrodes could be bipolar, where one or more electrode pairs (nominally
positive and negative) are disposed on the surface of the effector in order to deliver a more
localized and higher current density to the tissue surrounding the renal pelvisto treat the
nerves within the wall of the renal pelvis and/or further into the nerves surrounding the
renal pelvis.

[0016] Alternatively, the effector may comprise an antenna to deliver microwave energy to
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heat the tissue within the wall of the renal pelvis and surrounding the renal pelvis which
includes the renal nerves and blood vessels. The microwave antenna may be disposed within
the effector since it does not have to contact the tissue along the inner wall of the renal pelvis.
[0017] As a still further alternative, the effector may comprise an ultrasound transducer
adapted to deliver ultrasound energy through the wall of the renal pelvis into the tissue bed
surrounding the renal pelvis. For example, the ultrasound transducer may comprise an
unfocused transducer array disposed over a surface continuous with a wall of the renal
pelvis. Alternatively, the ultrasound transducer may comprise a high intensity focused
ultrasound (HIFU) transducer array present on a structure or assembly within an interior
portion of an expandable effector. In such cases, the expandable structure serves to position
the ultrasound array relative to the tissue, and the ultrasound array can be arranged to
deliver the energy in a direction selected to treat the target tissue bed and nerves. As a still
further alternative, external transcutaneous ultrasound can be directed to the hilum and further
into the renal pelvis. A target catheter may placed through the urethra, bladder and ureter into
the renal pelvis to help direct the treatment.

[0018] In a still further alternative, the effector may comprise a convective heat source in
order to convectively deliver heat through the wall of the renal pelvis and into the tissue bed
and nerves surrounding the pelvis. In a simple configuration, the convective heat source could
be hot water or other heat exchange medium, heated either externally or more likely internally
using, for example, an electrically resistive heat source.

[0019] In a still further example, the effector may comprise a convective cooling source
in order to extract heat through a wall of the renal pelvis to cool the wall of the pelvis and
the tissue bed surrounding the pelvis which contains the renal nerves and blood vessels.
The cooling source may comprise a cryogenic fluid source with an expandable heat-
exchanging effector positioned within the renal pelvis. Alternatively, the cooling source
could rely on expanding a liquid or gas within the effector to achieve cooling.

[0020] In yet another example, the effector may comprise a cage or other support structure
adapted to carry a radioactive or other radiation-emitting source. Useful radiation-emitting
sources include radioactive "seeds,” e.g. radioisotopes having short half lives, as well as x-ray
and other electronic radiation sources.

[0021] In a second aspect, the present invention provides apparatus and systems for
inhibiting, modulating, or destroying function of renal nerves in a patient's kidney.
Apparatus comprise a shaft adapted to be introduced into an interior of the kidney,

typically the renal pelvis, and an effector on the shaft to exchange energy and/or deliver an
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active substance from the interior of the kidney through a wall of the renal pelvis into the
nerves within the wall of the renal pelvis surrounding the renal blood vessels in the kidney.
The effector will typically comprise an expandable member which can be expanded within
the renal pelvis to engage an interior wall of the renal pelvis, for example, comprising a
compliant balloon or mechanically expandable cage adapted to inflate/expand to occupy all
or a substantial portion of the interior volume of the renal pelvis. The compliant balloon or
other expandable structure can thus serve to position elements of the effector against the
interior wall of the renal pelvis and/or to locate an internal mechanism within the effector
in a predetermined position/geometry relative to the wall and nerves of the renal pelvis.
Usually, the effector will be adapted to limit the exchange of energy and/or the delivery of
active substances into regions of the kidney beyond the renal pelvis, such as the papillae,
the pyramids, the parenchyma, and other sensitive structures of the kidney which could be
damaged by the protocols herein and adversely impact kidney function. While the
inflatable body or other portions of the effector could engage such sensitive structures, the
effector will be designed so that energy exchange and/or active substance delivery avoid
such sensitive structures, for example by placing external elements on the effector away
from such sensitive structures.

[0022] In a series of alternative embodiments, the effector may comprise an energy
transfer structure on an external surface of the expandable member or other effector
body. For example, the energy transfer structure located externally on the effector may
comprise electrodes for delivering radiofrequency (RF) energy through the wall of the
renal pelvis to the adjacent and surrounding renal nerves. Alternatively, the effector may
comprise an energy delivery structure located internally to the effector, such as an
antenna for delivering microwave energy through the wall and nerves of the renal pelvis
to the surrounding renal nerves. Such internal energy delivery structures could also
include ultrasound transducers for delivering ultrasound energy through the wall of the
renal pelvis, for example high intensity focused ultrasound (HIFU) arrays. Still other
internal energy delivery structures could comprise convective heat sources, including
electrical resistance heaters, heated fluid exchange systems, and the like. Still other
energy exchange structures include cryogenic other cooling structures, including both
cryogenic fluid exchange structures and in situ cooling structures, such as gas expansion
structures.

[0023] All publications, patents, and patent applications mentioned in this specification are

herein incorporated by reference to the same extent as if each individual publication, patent, or



WO 2013/010009 PCT/US2012/046511

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:

[0025] Fig. 1 is a diagrammatic illustration of a patient's urinary system.

[0026] Figs. 2A and 2B are partially broken-away illustrations of a patient's kidney showing
the renal pelvis and other structures.

[0027] Fig. 3 is a cross-sectional view of the patient's kidney taken along line 3-3 of Fig.
2A.

[0028] Fig. 3A shows the structure and location of renal nerves within the muscle layers,
endothelium and submucosa of the renal pelvis. The afferent nerves originate and are mostly
contained within the wall of the renal pelvis. They have a direct effect on the efferent
sympathetic nerves and are responsible for sympathetic muscle tone and vasoconstriction.
[0029] Figs. 4A through 4C illustrate access and treatment of a patient's renal pelvis
according to the principles of the present invention.

[0030] Figs. SA through 5F illustrate different effector designs that can be used for treating
the renal nerves in accordance with the principles of the present invention.

[0031] Figs. 6A-6D illustrate an energy delivery catheter having an expandable cage which
is deployed in the renal pelvis adjacent to the ureteral os to deliver energy into the renal pelvis
wall.

[0032] Figs. 7A-7D illustrate an energy delivery catheter having a plurality of tissue-
penetrating electrodes which may be advanced into the wall of the renal pelvis adjacent to the
ureteral os to deliver energy into the renal pelvis wall.

[0033] Figs. 8A-8C illustrate an energy delivery catheter comprising a pair of bipolar
electrodes and having vacuum ports to collapse the renal pelvis wall about the electrodes
when the catheter is present in the renal pelvis adjacent to the ureteral os.

[0034] Figs. 9A-9D illustrate an energy delivery catheter having a pair of expandable cages
which may be deployed in the renal pelvis adjacent to the ureteral os to deliver energy into the
renal pelvis wall.

[0035] Figs. 10A-10D illustrate an energy delivery catheter having a pair of malecots which
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may be opened to deploy wire electrodes in the renal pelvis adjacent to the ureteral os to

deliver energy into the renal pelvis wall.

DETAILED DESCRIPTION OF THE INVENTION

[0036] A patient's urinary tract is diagrammatically illustrated in Fig. 1. The urinary tract
includes the bladder B, which receives urine from the right and left kidneys RK and LK and
drains the urine through the urethra UTHR. The kidneys each receive oxygenated blood
through the renal artery RA from the abdominal aorta AA and blood from the kidneys is
returned through the renal vein RV to the inferior vena cava IVC. Of particular interest to
the present invention, the urine which is processed in the kidney is received in an interior
cavity of each kidney referred to as the renal pelvis RP which acts as a funnel and delivers
the urine into the top of the ureter URTR. The methods and protocols of the present
invention will be performed within the interior of the renal pelvis RP in order to treat the
renal nerves within the walls of the renal pelvis as well as the nerves surrounding the renal
arteries within the adventitia and adipose tissue and to a lesser extent surrounding the renal
veins which branch from the main renal artery and renal vein within the tissue of the
kidney.

[0037] Referring now to Figs. 2A and 2B, the right kidney RK is shown in section to expose
the renal pelvis RP and other internal structures of the kidney. As shown in Fig. 2A, the renal
pelvis is a funnel-shaped extension of the upper and of the ureter URTR and is surrounded by
the branching portions of the renal artery RA and the renal vein RV, both of which branching
structures extend into the body of the kidney and surround the pyramids P and other
structures, including the papillac PP. The branching structures of the renal artery RA and renal
vein RV as well as the anterior wall of the renal pelvis are removed in Fig. 2B to show the
interior of the renal pelvis which is the target location for the therapies of the present
invention.

[0038] As further shown in Fig. 3 which is a cross-sectional view taken along line 3-3 of
Fig. 2A, the renal nerves RN surround the renal blood vessels, particularly the renal arteries
RA, extending adjacent to and surrounding the outer wall of the renal pelvis RP in a tissue
bed surrounding the renal pelvis. As shown in Fig. 3A, the renal nerves follow the arteries
and then divide. A portion of the divided nerves enter the renal pelvic wall RPW where
they intertwine with the afferent nerves AFN that are located within the smooth muscle
layers, endothelium and submucosa SML of the renal pelvis. The afferent nerves AFN

originate and are mostly contained within an interior wall of the renal pelvis adjacent to the
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urothelium URT. The afferent nerves have a direct effect on the efferent sympathetic
nerves EFN (which are generally located nearer the exterior surface of the renal pelvis wall
RPW than are the afferent sensory nerves AFN) and are responsible for sympathetic muscle
tone and vasoconstriction. It is the renal nerves shown in Figs. 3 and 3A, and in particular
the sensory afferent nerves AFN, which are typically but not exclusively the target
structures to be treated by the methods and apparatus of the present invention.

[0039] Referring now to Figs. 4A through 4C, a first exemplary protocol for accessing and
treating the renal nerves in the kidney will be described. Initially, a guide or other tubular
catheter 10 is advanced through the urethra UTHR to position a distal port 12 adjacent the os
OS at the lower end of the ureter URTR. Additionally or alternatively, a guidewire may be
employed.

[0040] As shown in Fig. 4B, a treatment catheter 14 is then advanced through the guide
catheter 1 (optionally over a guidewire), out of port 12, and into a lumen of the ureter URTR.
An effector 16 at the distal end of the treatment catheter 14 is advanced into the renal pelvis
RP, optionally under fluoroscopic and/or ultrasound guidance in a conventional manner.
[0041] Once in the renal pelvis RP, the effector 16 will be deployed in order to treat the
renal nerves in accordance with the principles of the present invention. For example, the
effector may comprise an expandable balloon or other structure which is expanded or
inflated within the renal pelvis to engage the interior walls of the pelvis as shown Fig. 4C.
Any one of a variety of energy exchange devices or substance delivery devices may then
be employed to exchange energy or deliver the substances through the wall of the renal
pelvis to treat the nerves embedded within the walls of the renal pelvis as well as the
nerves embedded in the tissue surrounding the renal pelvis.

[0042] As shown in Fig. SA, for example, the inflated or expanded effector 16 can be used
to deliver convective heat through the wall of the renal pelvis, for example by delivering an
externally heated fluid into the interior of the effector and removing the fluid from the interior
to recirculate the hot fluid. As shown in Fig. 5B, it would also be possible to use an electrical
resistance or other heater 18 which is positioned within the effector 16 in order to heat a fluid
in situ where the fluid would not necessarily be recirculated. Typically, continuous irrigation
will be provided through the catheter to cool the electrodes which in turn reduces damage to
the adjacent tissue in contact with the electrode.

[0043] As shown in Fig. 5C, energy can be delivered in other ways, such as using a
microwave antenna 20 which is positioned by the effector 16 to deliver microwave energy

through the wall and into the nerves within the renal pelvis. Both the dimensions and
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geometry of the effector 16 as well as the transmission characteristics of the antenna 20 can be
configured in order to selectively deliver the microwave energy into the tissue to achieve the
targeted heating.

[0044] Still another alternative energy delivery mechanism is illustrated in Fig. 5D where
bipolar electrodes 22a and 22b are arranged on the exterior of the effector 16 surface and
connectible to an external radiofrequency generator 24 to deliver bipolar radiofrequency
energy to the tissue. Again, the dimensions of the electrodes, spacing, and other system
features can be selected to deliver energy to a proper depth in wall of the renal pelvis as well
as to the tissue beds surrounding the renal pelvis.

[0045] As shown in Fig. SE, a single monopolar electrode 30 may be provided on the
exterior of the effector 16 where one pole 32 of the RF generator 24 connected to the electrode
on the effector and the other pole 34 connected to an external pad 36 which will be placed on
the patient's skin, typically on the lower back.

[0046] Still further, effector 16 construction shown in Fig. 5F includes an ultrasound
phased array 40 positioned within the interior of the effector and connected to an external
ultrasound generator 42. The ultrasound phased array 40 will typically be constructed to
provide high intensity focused ultrasound (HIFU) in order to selectively deliver energy
across the wall of the renal pelvis and into the tissue beds surrounding the pelvis in order
to heat the tissue and treat the renal nerves in accordance with the principles of the present
invention.

[0047] Referring now to Figs. 6A-6D, an expandable cage catheter cage 50 comprises an
expandable cage structure 52 including a plurality of electrode elements 54. The electrode
elements will typically be formed from a shape memory alloy, such as nitinol, and will usually
be electrically conductive along their entire lengths. A proximal portion of each electrode,
however, will usually be covered with a layer of insulation 55 in order to inhibit energy
delivery to the upper region of the ureter URTR through which the catheter is introduced..
The catheter 50 further includes an inner shaft 58 and an outer sheath 60, where the outer
sheath may be distally advanced over the expandable cage structure 52 in order to collapse the
cage structure for delivery, as shown in Fig. 6A. By retracting the sheath 60 relative to the
inner shaft 58, the cage 52 may be deployed as shown in Fig. 6B. After the catheter 50 is
introduced through the ureter URTR, as shown in Fig. 6C, the sheath may be retracted in order
to deploy the cage structure 52 within the renal pelvis RP adjacent to the ureteral os OS. The
portions of the electrode elements 54 adjacent to the os will be insulated so that energy is

preferentially delivered a short distance above the os in order to avoid damage to the ureter
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and other sensitive structures. The energy delivered through the electrode elements 54 will
pass through the wall RPW of the renal pelvis in order to treat the renal nerves (RN), as shown
in Fig. 6D. A radiopaque marker 62 can be provided at or near the distal end of the sheath 60
to assist in positioning the catheter 50 at or above the os under fluoroscopic imaging.

[0048] Referring now to Figs. 7A-7D, a penetrating electrode catheter 70 includes a
plurality of tissue-penetrating electrodes 72 deployed from an inner shaft 74 and having an
outer sheath 76 reciprocatably mounted thereover. The outer sheath 76 has a radiopaque
marker 78 at its distal end (for positioning in the ureter URTR) and may be selectively
retracted from a distal tip 80 of the inner shaft 74 in order to deploy the tissue-penetrating
electrodes 72, as shown in Fig. 7B. Usually, the catheter 70 will have a port 82 opening to an
inner lumen (not shown) to allow advancement over a guidewire GW, as shown in Figs. 7A
and 7C.

[0049] After the marker 78 of the catheter 70 is positioned at or just above the ureteral os
OS, as shown in Fig. 7C, the inner shaft74 may be advanced to deploy the electrodes 72 into
the wall RPW of the renal pelvis RP. RF energy is then delivered from the power supply 84
in order to treat the renal nerves RN which surround the renal pelvis wall RPW as shown in
Fig. 7D.

[0050] Referring to figs. 8 A-8C, a bipolar electrode 90 having a pair of axially spaced-apart
electrodes 94 comprises a catheter shaft 92 having a plurality of vacuum ports96 disposed
between the electrodes. The vacuum ports 96 communicate with an inner lumen (not
illustrated) which allows a vacuum to be drawn through the ports in order to partially collapse
the renal pelvis, as shown in Figs. 8B and 8C. After the catheter 50 is advanced to a location
where the proximal-most electrode 94 is advanced past the ureteral os OS, as shown in broken
line in Fig. 8B, a vacuum may be drawn in the lower portion of the renal pelvis RP to collapse
the walls, as shown in full line in both Figs. 8B and 8C. An external power supply/controller
98 may include both a vacuum source and a radio frequency power source for connection to
the catheter 90. After the wall of the renal pelvis is collapsed, radiofrequency energy will be
delivered through the electrodes 94 from the power supply 98 in order to treat the renal nerves

RN.

[0051] Further referring to Figs. 9A-9D, a multiple cage catheter 100 has a plurality of
individual cages 102 (with two cages illustrated) mounted on an inner shaft 104. The inner
shaft terminates at a distal tip 106 having a port 107 which can receive a guidewire GW

(Fig. 9) through a central guidewire lumen (not illustrated). The cages 102 are self-expanding,
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typically being formed from nitinol or other electrically conductive shape memory material,
and will be collapsed by an outer sheath 108 which may be advanced over the cages, as shown
in broken line in Fig. 9A, or be retracted to allow the cages to expand as shown in full line in
Fig. 9B. The catheter 100 may be advanced through the ureter URTR, as shown in Fig. 9C,
where the sheath 108 is then retracted to allow the electrode cages 102 to expand and engage
the wall of the renal pelvis RP, as shown in Fig. 9D. Each cage 102 will have a plurality of
active electrode regions 110 which are usually formed by covering the non-active regions of
the cage (i.e. everything except the active regions at the centers) with an insulating layer or
material. After the cages 102 are deployed in contact with the inner surface of the renal pelvis
wall RPW, radiofrequency energy may be delivered through power supply 112.

[0052] Referring now to Figs. 10A-10D, a wire electrode catheter 120 comprises a catheter
shaft 122 having a distal end 124. A first set of four axial slits 126a are circumferentially
spaced-apart about the tubular wall of the catheter shaft 122, and a second set of four axial
slits 126b are also circumferentially spaced apart about the catheter shaft at a region just
proximal to the first set. Only four of the two slits 126a and two of the four slits 126b are
visible with the remaining two of each set being hiddenon the far side of the catheter shaft
122. By axially tensioning the catheter shaft 122, for example by pulling on a cable 127
which is attached at the distal end 124 of the shaft 122, the shaft may be forshortened causing
the sections between adjacent slits to project outwardly to form malecot structures 128, as best
seen in Fig. 10B. Electrode wires 130 extend between the axially aligned sections of the first
and second malecots so that the wires are advanced radially outwardly when the malecots are
deployed by foreshortening the catheter shaft 122. The wires 132 are continuous and extend
into an inner lumen of the shaft and exit the shaft at a proximal end thereof and are connected
to a power supply 134.

[0053] In order to confirm proper deployment of the electrode wires 130, radiopaque
markers 136 are formed distally to, between, and proximally to the slit-malecot structures 128,
so that the markers will appear to move together under fluoroscopic observation as the
malecots are deployed by pulling on cable 127.

[0054] As shown in Fig. 10C, the deployable structure of the catheter 120 is positioned just
beyond the ureteral os OS to deploy the malecot structures 128 radially outwardly as shown
best in Fig. D. The wires 130 between the malecots 128 will engage the walls of renal pelvis
RP above the os OS, and energy may be applied from a power supply 134. Optionally
thermocouples 132 will be formed at the radially outward tips of each malecot 128 such that

they can penetrate the wall of the renal pelvis in order to monitor temperature during
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treatment. As before, energy will be delivered in order to inhibit or modulate the function of
the renal nerves RN surrounding the renal pelvis wall RPW, as shown in Fig. 10D

[0055] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will
now occur to those skilled in the art without departing from the invention. It should be
understood that various alternatives to the embodiments of the invention described herein
may be employed in practicing the invention. It is intended that the following claims
define the scope of the invention and that methods and structures within the scope of these

claims and their equivalents be covered thereby.
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WHAT IS CLAIMED IS:

1. Apparatus for inhibiting function of renal nerves in a patient's kidney,
said apparatus comprising:

a shaft adapted to be introduced into an interior of the kidney; and

an effector on the shaft adapted to exchange energy or deliver an active
substance form the interior of the kidney through a wall of the renal pelvis to the renal nerves

within the wall of the renal pelvis and surrounding the renal blood vessels in the kidney.

2. Apparatus as in claim 1, wherein the effector comprises an expendable
member which can be expanded within the kidney to engage an interior wall of the renal

pelvis.

3. Apparatus as in claim 2, wherein the effector comprises a compliant

balloon adapted to inflate to occupy the interior of the renal pelvis.

4. Apparatus as in any one of the preceding claims, wherein the effector is
adapted to limit the exchange of energy or delivery of active substances into regions of the

kidney, beyond the renal pelvis including the papillae, the parenchyma, and the pyramids.

5. Apparatus as in any one of the preceding claims, wherein the effector
further comprises an energy transfer structure on an external surface of the expendable

member.

6. Apparatus as in claim 5, wherein the energy transfer structure comprises

an electrode or an electrode array.

7. Apparatus as in any one of the preceding claims, wherein the effector

comprises an energy transfer structure within the expandable member.

8. Apparatus as in claim 7, wherein the energy transfer structure comprises

an ultrasound transducer, a microwave transducer or a convective heat source.

9. Apparatus as in any one of the preceding claims, wherein the effector
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comprises electrodes for delivering radiofreqeuency energy through the wall of the renal pelvis

to the nerves within the wall of the renal pelvis and surrounding the renal blood vessels.

10. Apparatus as in any one of the preceding claims, wherein the effector
comprises an antenna for delivering microwave energy though the wall of the renal pelvis to

the nerves within the wall of the renal pelvis and surrounding the renal blood vessels.

11.  Apparatus as in any one of the preceding claims, wherein the effector
comprises a transducer for delivering ultrasound energy though the wall of the renal pelvis to

the nerves within the wall of the renal pelvis and surrounding the renal blood vessels.

12. Apparatus as in claim 11, wherein the ultrasound transducer is a high

intensity focused ultrasound array.

13.  Apparatus as in claim 11, wherein the ultrasound transducer is

unfocused.

14.  Apparatus as in any one of the preceding claims, wherein the effector
comprises a convective heat source for delivering thermal energy through the wall of the renal

pelvis to the nerves within the wall of the renal pelvis and surrounding the renal blood vessels.

15.  Apparatus as in claim 14, wherein the convective heat source comprises

an inflatable structure and a source of heated fluid for inflating said inflatable structure.

16. Apparatus as in any one of the preceding claims, wherein the effector
comprises a convective cooling source for extracting heat through the wall of the renal pelvis

to cool the nerves within the wall of the renal pelvis and surrounding the renal blood vessels.

17.  Apparatus as in claim 16, wherein the convective cooling source
comprises an inflatable structure and a source of cooled fluid for inflating said inflatable
structure.

18.  Apparatus as in any one of the preceding claims, wherein the effector

comprises a radiation-emitting source.
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19.  Apparatus as in claim 10, wherein the radiation-emitting source

comprises a radioisotope or an electronic radiation source.

20. Apparatus as in any one of the preceding claims, wherein the effector

comprises tissue-penetrating electrodes.

17



WO 2013/010009 PCT/US2012/046511

1/14

RP

RA

FIG. 1

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/046511

WO 2013/010009

2/14

2B

FIG.

FIG. 2A

SUBSTITUTE SHEET (RULE 26)



WO 2013/010009 PCT/US2012/046511

3/14

R
RN A r/
J
SO
8
RA ot '
ON
A '
N OB

RN .7

URTR

RV

RA
RN
FIG. 3

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/046511

WO 2013/010009

47114

P
L
L

URTR

RPW

URT

AFN

FIG. 3A

SUBSTITUTE SHEET (RULE 26)



WO 2013/010009 PCT/US2012/046511

5/14
RV
RA
RP
RK
——URTR
0S
12
B
10
URTR
FIG. 4A

SUBSTITUTE SHEET (RULE 26)



WO 2013/010009 PCT/US2012/046511

6/14

RK

\ —~URTR
+—10

| 14
FIG. 4B

SUBSTITUTE SHEET (RULE 26)



WO 2013/010009 PCT/US2012/046511

7714

FIG. 4C

SUBSTITUTE SHEET (RULE 26)



WO 2013/010009 PCT/US2012/046511

8/14

“T~16

FIG. 5A H

Hot Fluid In j\‘ Fluid Out

( /18\
7

T~16
\. /
FIG. 5B
Water In /‘ Water Out
Heater Current
( )
AN
B T™16
\. J/
FIG. 5C \_ 20

{

SUBSTITUTE SHEET (RULE 26)



WO 2013/010009 PCT/US2012/046511

“T~16

FIG. 5D

22b
r 24
RF
N
4
R R R, g \"30
o L S
S RS SoS et
/ f36
FIG. 5E N
34~
f32
RF  (~24
' \
“T~16
40 — )
. y, f42

FIG. 5F H ~

SUBSTITUTE SHEET (RULE 26)




WO 2013/010009 PCT/US2012/046511

10/14
2y 0% 60 58
I =
FIG. 6A

FIG. 6C

SUBSTITUTE SHEET (RULE 26)



WO 2013/010009 PCT/US2012/046511

70

78
80~ [ ra

FIG. 7C

SUBSTITUTE SHEET (RULE 26)



WO 2013/010009 PCT/US2012/046511

12714

FIG. 8B

SUBSTITUTE SHEET (RULE 26)



WO 2013/010009 PCT/US2012/046511

13/14

106
FIG. 9A 107{ %
(102 \104 102 104

4100
f108

106 104~ 110
FIG. 9B z S (4

N
—
N

FIG. 9C

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/046511

WO 2013/010009
14/ 14
120 126ay 132 130,136 132 4106p 127
N )\‘ , ) l[ '/122 )
124~4::::‘ S I — \
] \ |
1367 J 132 \L
1327 130 136
FIG. 10A .
132 130 132
128 128 127
120 ~¢ 136~ 136 p
[

i

' 7
FIG. 10B o W | % 2
1327430/ \4357%2

124-%(:::?\\{H [ EY

FIG. 10D

FIG. 10C

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US12/46511

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 18/12; A61M 5/42, 25/10 (2012.01)
USPC - 604/508, 509, 512; 606/41; 607/7

According to International Patent Classification (IPC) or to both national classification and 1PC

B.  FIELDS SEARCHED

USPC: 604/508, 509, 512; 606/41, 32, 1; 607/7

Minimum documentation searched (classification system followed by classification symbols)
IPC(8): A61B 1/307, 6/08, 18/12; A61M 5/42, 25/04, 25/10 (2012.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MicroPatent (US-Granted, US-Applications, EP-A, EP-B, WO, JP, DE-G, DE-A, DE-T, DE-U, GB-A, FR-A); DialogPRO (Derwent,
INSPEC, NTIS, PASCAL, Current Contents Search, Dissertation Abstracts Online, Inside Conferences); Google.com; Google Scholar;
balloon; kidney*; renal*; phreno*; pelvis; inhibit*; limit*; prevent*; anesthe*; nerv*; tissue”

C. DOCUMENTS CONSIDERED TO BE RELEVANT

lines 40-45; column 14, lines 25-30; column 15, lines 20-25

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 6607477 B1 (LONGTON, WA et al.) August 19, 2003; figure 10b; column 2, lines 10-15; 1-4

column 8, lines 10-15; column 11, lines 5-20; column 13, lines 40-45; column 17, lines 1-5;

column 17, lines 25-30; column 18, lines 1-8; column 20, lines 20-50; column 21, lines 10-20;

column 23, lines 60-65
Y US 7653438 B2 (DEEM, M et al.) January 26, 2010; figure 4; column 9, lines 5-10; column 10, 14

D Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the apﬁlication but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

14 September 2012 (14.09.2012)

Date of mailing of the international search report

020CT 2012

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US12/46511

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

%
3. M Claims Nos.: 5-20
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

