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S8YSTEM AND METHCD FOR ELECTRIC DIURESIS

BACKGROUND OF THE INVENTION

{0001] The present invention relates generally to
implantable medical devices and more particularly to a

device and method for electric stimulation of a kidney to

induce diuresis, natriuvresis and blood pressure
reduction.

[0002] T. Anatomy of the kidney and urine collection
gystem.

[0003] The kidneys are organg that have numerocus

biclogical roles. Their primary rcle is to maintain the
homecstatic balance of bodily fluids by filtering and
secreting metabolites and wminerals from the blood and

excreting them, along with water, as urine.

[0004] = The body mass, or parenchyma, of the kidney is
divided into fwo major structures: superficial is the
renal cortex and deep 1s the renal medulla. Grossly,
these structures take the shape of 8 to 18 cone-shaped
renal lobes, each containing renal cortex surrounding a
portion of medulla called a renal pyramid. Between the
renal pyramids are projections of cortex called renal
columns. Nephrons, the urine-producing functional
structures of the kidney, span the cortex and medulla.
The initial £iltering portion of a nephrcen is the renal
corpuscle, located in the cortex, which is followed by a

renal tubule that passes from the cortex deep into the

medullary pyramids. Part of the renal cortex, a medullary
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ray 1s a collection of renal tubules that drain into a

single collecting duct.

[0605] The tip, or papilla, of each pyramid empties
urine into a minor calyx, minor calyces empty into major
calyces, and major calyces empty into the renal pelvis,
which becomes the ureter. The ureters are muscular ducts
that propel urine from the kidneys to the urinary
bladder. It is now known that renal pelvis and ureters
are more than Just c¢ollection vessels for urine
transport. Their walls include bioclogic sensors and nerve
endings that play part in the control of body fluid

volume.

[0006] The kidneys receive Dblood from the renal
arteries, left and right, which branch directly from the
abdominal aorta. Degpite their relatively small size, the

kidneys receive approximately 20% of the cardiac output.

[0007] Each renal artery Dbranches intoe  segmental
arterieg, dividing further into interlobar arteries which
penetrate the renal capsule and extend through the renal
columng between the renal pyramids. The interiobar
arteries then supply blood to the arcuate arteries that
run through the bkoundary cf the cortex and the medulla.
Each arcuate artery supplies several interlcbular
arteries that feed intc the afferent artericles that
supply the glomeruli. The interstitum is the functional
gpace in the kidney Dbeneath the individual filters
(glomeruli) which are rich in blood vessels. The

interstitum absocrbs fluid recovered from urine.
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[0008] Afrer filtration occurs the blood wmoves through
a small network of venules that converge into
interlobular veins. Asg with the arteriole distribution
the veins follow the same pattern, the interlcbular
provide blood to the arcuate veins then back to the
interlobar veins which come to form the renal vein
exiting the kidney for drainage of blood into the

inferior vena cava.

[0009] IT. Innervation of the Kidney

[0010] The kidney both receives nervous system input
from the rest of the body (termed, efferent nerve
activity) and produces information which it sends back to

the rest of the body {(termed, afferent nerve activity).

[0011] The kidney and the wurine c¢ollection system
receive autoncomic (mostly sympathetic) innervation, via
the efferent nervous system. Autonomic nerves from the
renal plexus and other sources follcow the renal artery
into the kidney through the renal hilus. The nerve fibers
follow the branching pattern of the renal artery and
gsexrve asg vasomotor fibers that regulate blood volume.
Increased activity of the sympathetic efferent fibers can
increase renin release, consgtrict arterioles and reduce

urine output and salt excretion by the kidney.

[0012] Like other wvisceral organs, the kidneys also
have a profuse sensory innervation. Electrophysiclogic
studies in the mammalian kidney have identified two major
classes of sensory receptors of the renal afferent

nerves, chemoreceptors (CRs}, and mechanoreceptors (MRs).
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Renal CRs are of two types, CR1 and CR2. Both respond to
renal ischemia, but only CR2 reacts to alterations in the

electrolyte composition of the renal pelvis. MRs are of

three types, each sensitive to arterial perfusion
pressure (MRa), venous pressure (MRv), and uretero-pelvic
pressure (MRu) . These sensory receptors with thelr

specific activities can reflect the physical and chemical
gtates of the kidney in diuretic and antidiuretic states,
as well as in pathologic conditions such as chronic
hypoxia, hypertension, and ischemic renal failure.
Activation of these renal senscry receptors, thus an
increase in afferent renal nerve activity, could initiate
sygstemic effects, such as the central control of bloed
pressure and volume but also local reflexes termed the
“renorenal reflex”, Therefore, thege renal sgensory
receptors can play an important role in the regulation of

body fluid homeostasis.

[0013] IIT. Physiological and Clinical Relevance of

Renal Pelvic Receptor Activation.

10014 Chemical and mechanical (by stretching)
stimulation of the urine collection gpace causes
diuresisg, mnatriuresis (from both kidneys) and reduces
blood pressure. These effects are well researched and are
unquesticnable. For example infusion of hypertonic saline
or pressurization of renal pelvis caused said effects in
animals and humans. The phenomenon was observed normal

gspecimens and in a variety of disease models.

(0015} DiBona and Xopp demconstrated in a number of

papers that the reno-renal reflex ig normally activated

4
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by a rise in pressure or sodium concentration in the

collecting system, the renal pelvis and the ureters.

[0016] Physiologically, the reno-renal reflex increases
renal blood flow, GFR, diuresis, natriuresis and reduces
blood pressure both by promoting sodium excretion and by
a direct effect on Dbrainstem sympathetic ganglions.
Increasing afferent renal nerve activity via injection of
sodium intc the renal pelvis leads to a decrease 1in
efferent sympathetic nerve activity and both ipsilateral

and contralateral diuresis and natriuresis..

[0017] In  summary, the renal pelvis chemo- and
mechanoreceptors (baroreceptors) activate the reno-renal
reflex wvia afferent nerve activity integrated at the
level of the sgpinal cord to wmodulate diuresis and

natriuresis of both the ipsilateral and contralateral

kidneys.
[0018] The inventors are unaware oI conclusive data
that electro-gstimulation of the barcreceptors,

chemoreceptors or nerves involved in the reno-renal
reflex will produce the same effect. Nevertheless,
historic experience with the carotid sinus baroreflex
strongly suggests that electric activation of the same

physiclogic pathways is possible.

f0019] Therapeutic modulation and modification of these
afferent nerve signals that originate inside the kidney
is proposed by the inventors. The main therapeutic
purpose of this modification of neural signals is to

increasge sodium excretion {(natriuregis) and water
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excretion {(diuresis) in patients with fluld retentiocn,
primarily from Congestive Heart Failure {CHF) . In
addition down modulation {reduction) of afferent neural
activity from the kidney should yield systemic benefits,
such as vasodilaticon of peripheral bklocd vessels and

reduction of blood pressure.

[06020] IvV. Motivation for Therapy.

10021] CHF is an enormous health issue for patients,
health care sgystem and most hospitals. Heart failure
represents roughly 2.2 million admissions per year and it
costs the health care system roughly $23 billion to treat
these patients. Further, there 1s a subgroup of 200,000
Class IV patients that account for 800,000 admissions.
Unfortunately, while this group of 200,000 represents
only 13% of the CHF patient population, they are
regpongible for almost 50% of the cost cof CHF
hospitalizations due to complications like pulmonary
edema and other co-morbidities associated with very sick

"CHF patients.

[0022] The symptom that typically drives the CHF
patients to the hospital is acute fluid overload. The
current treatment 1is to put them on an IV foxrm of the
diuretic that most likely has already failed them in the
oral form. It may take 2-4 days tc remove the 2-4 liters
of excess fluid using v diuretics. The blood
ultrafiltration therapy can remove fiuid £faster but is
expensive and reguires special skills and sophisticated

technology.
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[0023] Up to one in three heart failure patients who
take diuretic drugs experience diuretic resistance: when
the process of eliminating excess sodium and water stops
before enocugh fluid has been removed from the patient's
body. In patients with mild heart failure and good kidney
function, diuretic resgistance isg uncommon. However,
diuretic resgistance occurs more often in patients with

moderate or severe heart failure.

[0024] There 1is also a significant c¢linical need to
prevent patients from becoming fluid overloaded earlier
in the course of heart failure, even before patients
become diuretic resistant. Many patients, specifically
thoge in early and late Class III and earlier in Class IV
CHF could avoid problems associated with fluid overload
(e.g., shortness of breath, inability to perform
activities of daily living and reduced heart function) by

preventing the development of fluid

[0025] Mogt device-based therapies that treat £fluid
overload are utilized only after significant fluid
overload has occurred due to the complexity, invasiveness
or difficulty of performing the therapy. It would be
desirable to have a therapy that clinicians would be
comfortakle with initiating earlier in the course of
heart failure that would be able to stop or slow the

occurrence of fluid overload.

[0026] There 1is therefore a long felt, large unmet
clinical need for innovation in the area of safe and
effective induced diuresis therapies. The clinical need

includes a need for diuresis therapies administered to

7
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patients at home, when needed and before the patient
becomes short of breath and require admission to the
hospital. Further, there is a c¢linical need for induced

diuresis in patiente that become diuretic resistant.

BRIEF DESCRIPTION OF THE INVENTION

10027] L device, system and method have been invented
rthat, in one embodiment, stimulates chemoreceptors and
barcreceptors and associated intra-renal nerxrves in the
urine collection space and specifically in the renal
pelvie of the kidney. These receptors are nerve endings
that conduct information to the CNS via afferent nerves.
Stimulation results in the induced physiologic response
similar to the natural renc-renal reflex. Patients with
fluid retention, heat failure and hypertension are
expected to benefit from natriuresis, diuresis and

vascular vasodilation.

[0028] The inventors propose a novel implantable
electrode and lead desgigng, ingertion methods for the
electrode and lead that will allow a ncovel electrode
placement in close proximity to the renal pelvis using
transvenous access and an IPG configured to generate
electrical stimulus signals to activate the barocreceptors

in the renal pelvis.

[0029] The electrodes are integrated on transvenous
leads, similar to pacemaker leads that are connected to
an Implantabie Pulse Generator (IPG}, such as an
implantable stimulator or pacemaker. The IPG contains
power electronics, electronic contrel logic and software

needed to implement the therapy by generating electrical
8
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impulses applied via an electrode(s) tc a location on the
patient proximate tc the electrode. For example, the
renal urine space, e.qg., the renal pelvis, may be
stimulated by an IPG having a transvencus lead and
electrode assembly. The electrode ig lodged in one of
the interlobar or and segmental veins that merge and exit
ag a single renal veln in most people. The IPG delivers
electrical impulses to the electrode, which apply the
impulses to the interlobar or segmental vein(s). The
impulses are generated in the IPG Dby the power
electronics based on commands from the electronic control

logic and associated software.

{0030} The renal vein usgually lieg anterior to the
renal artery at the renal hilum. The left renal vein is
longer than the right renal wvein. The left renal vein
averages 6 to 10 cm in length and will normally course
anteriorly between the superior mesenteric artery and the
aorta Dbefore emptying into the medial aspect of the
inferior vena cava. The right renal artery averages 2 to
4 cm in length and Jjoins the lateral aspect of the
inferior vena cava. Unlike the right renal vein, the left
renal vein receives several tributaries before Foining
the inferior vena cava. It receives the left adrenal vein
superiocrly, the left gonadal wvein inferiorly, and a

iumbar veln posteriorly.

{00311 The novel device, system and method disclosed
herein takes advantage of the anatomy of renal veins to
place stimulation electrodes in close proximity to
targeted receptors and nerves 1in the urine collection

space of the kidney, such as in the renal pelvis and

9
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upper ureter. The stimulation electredes activate
baroreceptors, e.g., chemoreceptcors and mechanoreceptors,
in the renal pelvis to evoke such effects as the reno-
renal reflex. The stimulation electrodes may be inserted
without invasive surgical placement of artificial devices
in the urine space where foreign materials can cause

encrustation or kidney stones.

[0032] A method has been conceived to treat a patient
comprising: artificially stimulating a chemoreceptor or a
barcreceptor associated with a nerve in or proximate to
the urine generation space cor urine collection space of
the patient; wherein the artificial stimulation promotes
the preoduction of urine by the patient. The vascular
space may be proximate to a urine generation area, e.g.,
kidney, renal pelvis or ureter, or urine collection area,
urethra and bladder, of the patient. The vascular space

may be innervated by chemoreceptors and barcoreceptors.

[0033] The method may further comprise placement of an
electrode 1in a wvascular space of the patient and the
gtimalation includes applying energy through the
electrode to the wvascular sgpace to sgtimulate the
chemoreceptor or baroreceptor. The electrode may be
mounted on a flexible lead and the placement of the
electrode includes extending the electrode and lead
through the venous sgystem o¢f the patient into the
vagcular space. The wvascular space may he in the kidnevy,
in the hilum of the kidney, an arcuate vein, an
interlobar vein or a renal vein. The electrode may be
placed in at least one of the interliocbar and segmental

veins that merge and exit as a gingle renal vein of the

10
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kidney. Further, the electrode may be sgecured to a wall
of a vein, wherein the wall includes the chemoreceptor ox

baroreceptor.

[0034] The stimulating may include applying an
electrical current to activate afferent neural signaling.
The stimulation wmay be applied by a stimulation device
proximate to a renal  pelvise o©of the patient. The
artificial stimulation 1is provided by an implantable

pulse generator (IPG) implanted in the patient.

[0035] The method may further include selecting the
patient for the treatment by determining the patient is
suffering frxom at least one o©If chronlc heart failure

(CHF) , fluid retention and sodium retention.

[0036] An apparatus has been conceived to artificially
stimulate urine production in a patient comprising: a
stimulation device, e.g., IEG, generating a urine
production stimulation egignal; a prcbe insertable to be
proximate to an urine collection space or a urine
generation space of the patient, wherein the probe
communicates with the stimulation device, and
ingstructions stored in a non-transitory memory of the
stimulation device, wherein the instructionsg are executed
by a prcocegsor in the stimulation device to cause the
stimulation device to generate the stimulation signal and
transmit the signal to the probe. The stimulation
signals may include electrical signals and the prche
includes an electrode to transmit the electrical signals

tc the urine collection space or the urine generation

11
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space. The probe may be insertable in a vein of a kidney

and the kidney ig in the urine generation space.

[0037]

BRIEF DESCRIPTICN OF THE DRAWINGS

[0038] A preferred embodiment and best mode of the
invention is illustrated in the attached drawings where
identical reference numerals indicate identical structure
throughout the figures and where multiple instances of a
reference numeral in a figure show the identical
structure at another location to improve the clarity of

the figures, and where:

[0039] Figure 1 is a schematic diagram of the patient

treated with the renal stimulation device,

[0040] Figure 2 1is a schematic diagram of the kidney

with an implanted stimulation electrode.

{0041] Figure 3 is a schematic diagram of the kidney

with alternative gtimulation electrodes.

DETAILED DESCRIPTION OF THE INVENTION

[0042] FIGURE 1 shows a patient 101 bkeing treated with
an IPG 103 implanted in a pocket of the patient's chest,
gimilar to where a cardiac pacemaker 1s conventicnally
implanted. The IPG 103 1is connected to a renal lead 102
equipped with the distal stimulation electrode 104. The
distal end electrode 104 1is 1implanted in a suitable

internal vein of the kidney 105. The lead is threaded

12
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through the connected branches of venous system by a
cardiologist under fluoroscopic guidance. The distal
gection of the lead may be positioned by the cardiologist
in the renal veins, such as in the renal pelvis. There
can be a plurality of electrodes (See Fig. 2) positioned
along the length of the distal section of the lead. The
plurality of leads may be used to increase the effects of

the stimulation, as compared to a lead having a single

electrode.
[0043] An example of an IPG 103 can be the CVRx Rheos
System (Minneapolis, MN) for Baroreflex Activation

Therapy® used for treatment of hypertension by
stimulation of carotid sinus baroreceptors. Other
commercially available IPGse are the Genesis IPG
manufactured by the Advanced Neuromcdulation Systems,
Inc. (Plano, Tex.) and used to control pain, and the
Medtronic, Inc. {(Minneapolis, Minn. ) Synerqgy ®
Neurosgtimulation System. These and other similar state-
of-the-art stimulators are fully implantable, battery
powered, externally programmable and operate with a

variety of implantable leads and electrodes adapted for

long time implantation in the body. wWith some
modifications, stimulators available from CVEx,
Medtronic, Cyberonics and Advanced Neuromodulation

Systems can be adapted for this invention. Alternatively,
a manufacturing company with right expertise can develop
a dedicated stimulator for the invention 1f the

parameters of stimulation are defined.

[0044] In one embodiment cof the invention, a sensing

and pacing lead of a stimulator or pulse generator (that

13
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can be an implantable IPG or a temporary lead that is
externally driven) 1is ©placed din a ~vena cava and
maneuvered into the renal vein which is adjacent or
substantially in proximity to the renal pelvis of the
kidney or the Jjunction of renal pelvis and ureter or
renal part of the ureter. It 1is understood that the
vagcular anatomy of the human kidney varies and in
different cases different veins can be more suitable of

the purpose of lead placement.

[0045] The disclosed embodiment illustrates an
embodiment of the invention that combines a renal
stimulation device and applying signals delivered by an
IPG, which may be a cardiac pacemaker. Patients with CHF
and hypertension coften require cardiac pacing, ICD and
CRT therapy. As these patients already have or are abkout
to receive an implanted cardiac pacemaker, the pacemaker
may generate signals for an additional pacing lead 106
positioned in the patient’s heart chamber and a renal
lead 102. The lead 102 may be a conventional atrial,
ventricular or coronary vein lead. Further, ICD shocking
coils ¢an be added to the IPG such that the IPG can
generate relatively large electrical shock signals that
are to be applied to the renal lead 102. The control
electronics and logic circuits in the pacemaker may also

be configured to generate signals for the renal lead.

[0046] The renal lead 102 may be an insulated wire, or
several wires, that are electricslly connected to the
IPG. The wire can include several insulated conductors
from individual electrodes arvanged on the distal end of

the lead 102. The wires may be extremely flexible in

14
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order to withstand the twisting and bending caused by
body movement and respiration that affects kidneys and
renal veins. The renal lead 102 may include a connector
pin, lead body, fixation mechénism and electrode{s). The
Connector Pin is the portion of the lead that is inserted
inte a connegter blogk on the IPG. The Lead Body 1ls an
ingulated metal wire that carries electrical energy Ifrom
the pacemaker to the electrode({s) placed in the renal
veins. The Fixation Mechanism i1s opticnal and may be a
small mechanism near the tip of the lead that holds the
lead electrodes to the muscle or other tissue proximate
to the electrode(s). The electrode({s) may be a bare or
otherwise exposed metal electric contact lcoccated at the
end of the lead. The electrode delivers the electrical

energy from the IPG tc the renal tissue.

[0047] Medication can ke added where a lead electrode
touches the tissue. Regardless of whether a lead iz
placed on the nerve, muscle or connective tissue, the
location where the lead touches the tissue naturally
produces an inflammatory yesponse. This response 1is
gimilar to what is observed when the skin is scraped or
cut: the area around the scrape is red and may result in
a scar as your body repairs itself. By placing a steroid
drug at the tip <©f the lead, some leads {zuch as for
example the Medtronic CapSure pacing leads) reduce this
inflammation. The stercid docse, typically 1 mg, is
administered over a period of several weeks. The use of
steroids can help extend stimulator battery life because
less scar tissue means lower registance (lead impedance)
and thus less current reguired for the electrical pulse

that stimulates the nerve.

15
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[0048] FIGURE 2 is a schematic diagram of one
embodiment of the invention showing relevant renal
anatomy. Urine is collected 1in the pelvis 208 of the
kidney 105 and drains into the ureter 209. Interlobular
206, arcuate 202 , interlobar 205, and segmental 203 and
204 wveins successively merge and exit as a single renal
vein 201. It is understood that in some patients there

may be two renal veins.

[0049] Stimulation electrode 104 (typically cathode) 1is
shown in one of the interlcbhar veins. Although an
interlobar vein ig a pogsible implantation site, xenal
anatomy is variable and other veins c¢an be suitable
candidates if they are located close to the renal pelvis
that ig the target of stimulation. Injection of
radiccontrast material can be used to illuminate renal
pelvis, where contrast tends to naturally accumulate, to

assist placement of leads under fluoroscopic guidance.

[0050] Lead 102 is threaded through the venous system
of the patient and electrically connects the electrode
104 to the IPG 103. In this embodiment the metal
enclosure of the IPG 103 serves as the indifferent
electrode to close the electric circuit and enable the
flow of current between the cathode electrode 104 and the
metal case of IPG 103 implanted under the patient’s skin.
This modality of gstimulation is called monopclar
stimulation. Monopolar stimulation has advantages or
broader capture field and simplicity but other (such as
bipolar or multipolar) stimulation modalities are often

preferred since they limit the effect on untargeted

16
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gtructures such as untargeted nervesg in the parenchyma of

the kidney.

[0051] FIGURE 3 shows an embodiment of the invention
that implements a wmore complex stimulation scheme. First
stimulation lead 102 and second stimulation lead 302 are
ingerted using conventional interventional techniques
known to interventional cardiologists in two separate
interlcohar veins of the kidney. Preferably the leads are
located on two different sides of the renal pelvis 208.
Both leads are equipped with two or more stimulation
electyrodes 104, 301, 304 and 303. These electrodeg are
electrically connected to the electronics inside the IPG
103. The electronics is capable of using any combination
of electrodes as cathodes and anodes selectively.
Operator can use a remote programmer to perform
operations known as current stirring to achieve best
therapeutic effect. For example current can be applied
between the electrodes 104 and 301 to achieve bipolar
stimulation. Alternatively stimulation can be applied
between electrodes 104 and 303 and 301 and 304 where
electrocdes 104 and 302 are cathodes. Alternatively any
electrode or any number of electrodes can be used as
cathodes with the case of the IPGE 103 serving asg anocde
for current return. It is understood that in the art of
nerve sgtimulation multiple cathode electrodes are often
beneficial since they allow engagement of more nerve
fibers and nerve endings such as receptors. Although two
electrodes per lead are shown, it is understood that
modern technology allows placement of up to ten ring

electrodes on the stimulation lead. Experts believe that

17
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if necessary even more electrodes can be added to the

lead design.

[0052] The onset and duration of the stimulation is
under the contrcel of logic embedded in the IPG. It 1is
expected that the therapy will be dispensed with a fixed
duraticen of pulses that can last sgeveral hours.
Stimulation ongset can be programmed to start at certain
times of the day or by the remote control operated by the
patient or physician. It should be clear that other
strategies for setting the duration and timing of

stimulation are within the scope of the invention.

[0053] The logic embedded in the IPG may be executable
program instructions stored in a non-transitory memory of
the IPG and executed by a processor in the IPG. The
program instructiocns, when executed by the processor,
cause the IPG tc generate stimulation signals, e.g.,
electrical pulses, delivered to the renal lead 102 of the’
atimulation electrode 104 or the electrodes 104, 301, 303
and 304 of the stimulation leads 102 and 302. The
instructions may be determine the timing, duration, shape
and magnitude of the stimulation signals generated by the
IPG and applied to the electrodes. The instructions may
be selected or modified by a health care professional,
e.g., a physician, or the patient using a wireless
programming device which wirelessly communicates with the

ITPG.

[0054] Stimulation of afferent nerves to elicit
physiologic response 1s generally known. For example,

carctid sinus nerve stimulation is well known through

18
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developments at Medtronic, Inc., of Minneapolis, Minn. In
the 19608 to early 1970g, Medtronic produced and marketed
two carotid sinus nerve stimulators for treatment of
hypertension, the "Barostat," and angina, the "Angistat."
Thesge devices lowered blood pressure, decreased
myocardial work and oxygen consumption, and thereby
alleviated hypertension and angina. CVRx Inc. (Maple
Grove, MN) is developing an implantable device to treat
patients with high blcod pressure based on stimulation of
carotid ginus baroreceptors. This new device is called
the Rheos™ Baroreflex Hypertension Therapy System. This
system 1is made up of 3 major components: Rheos
Implantable Pulse Generator, Rheos Carotid Sinus Leads,

and Programmer.

[0055] The implantable pulse generator provides (IPG)
control and delivery of the activation energy through the
leads and electrode. The leads conduct activation energy
from the implantable pulse generator to desired

stimulation site.

[0056} The implantable pluse generator may be a
computer programmed device that executes a program
electronically stored in the device. The programmer
system provides the ability to non-invasively communicate
with the pulse generator. A surgical implant procedure is
used to place the pulse generator under the skin for
example in the low back. The electrodes are placed on the
renal veins and the leads run under the skin and are

connected to the pulse generator.
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[0057] U.8. Patent 6,522,926 describes a method of
intravascular and extravascular stimulation of
barcreceptors to stimulate coronary artery baroreceptors.
Devices for stimulation of baroreceptors are adaptable
for use as stimulation of baroreceptors proximate to the

urine generation and collection spaces of a patient.

[0038] The IPG may be programmed to generate short
gtimularion pulses in a range of 5C to 500 microseconds
to stimulate receptors and afferent nerves. By way of
example, the IPG may generate electrical stimulation
signals of 50-15C microseconds at frequency in a range of
20 to 40 Hertz (such asg 30 Hz). These electrical
stimulations may be applied to the renal blood vessels of
a kidney. 8uch stimulation 1is known £from scientific
literature to excite nerve tissue and generate nerve
gsignals. The stimulation of the nerve tissue 1is expected
to regult in benefit to the patient primarily by causing
gecretion of scdium and water. The sgecretion of sodium
and water should relieve a patient suffering from CHF,

excess fluid or excess sodium.

[0059] Another example of an implantable stimulator IPG
igs the Vagus Nerve Stimulation (VNS™) with the Cyberonics
NeurcCybernetic Progthesis (NCP®) System used for
treatment of epilepsy. It is manufactured by Cyberonics
Inc. IPGs from different manufacturers are virtually
identical across applicaticon areas, usually varying only
in the patterns of stimulating voltage pulses, style or
number of electrodes used, and the programmed parameters.
The basic implantable system consists of a pacemaker-like

titanium case encloging the power source and
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microcircuitry that are used to create and regulate the
electrical impulses. An extension lead attached to this
generator carries the electrical pulses to the electrode
lead that is implanted or attached to the nerves or

tissues to be stimulated.

[0060] The wires, leads and the stimulatoxr can be fully
implanted at the time of surgery. Alternatively wiresg or
leads can c¢ross the skin and connect to the signal
generator outside of the bedy. An implantable stimulatox
can be implanted later during a separate surgery or the

use of an external stimulator can be continued,

[0061] It ig understood that the IPG can be also a
cardiac pacemaker and can have more leads. It is expected
that in future cardiac pacemakers will have even more
leads connecting them to wvarious parts of the anatomy.
The leads can combine sensing and pacing electrodes as
known and common in the field. The IPG i1s eguipped with
the programmable logic that enables it to gense gignals,
process the information, execute algorithmg and send out

electric signals to the leads.

[0062] The stimulation can be a pulse train or series
of pulse bursts pulse burst that can, for example,
consist of individual unipolar or biphasic {of
alternating polarity) pulses. Pulse duration can be
chosen from values between 0.05 ©to 0.5 millisecconds and
delivered at freguency of 5 to 100 Hz, based on the
exigting general experience with nerve stimulation, to
elicit baroreflex. It 1is preferred to apply pulsges of

lowest possible amplitude and duration that will ensure
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the desired response without causing undesired activation

of electrical or mechanical activity of the tissues.

[0063] The amount of energy required to cause these
undesired stimulations varies. It may bkhe desgired to
alter the stimulation pattern after the implantation.
The amount of energy delivered an be altered by changing
either the pulse duration, pulse amplitude or both. The
energy regqulired depends on the impedance of tissue
between the electrode and the baroreceptors and on the
energy losses in the interface. Based on the existing
experience, pulses in the range of 0.25 to 3.0 V should
be sufficient to transvenously stimulate receptors in the
renal urinary space. It is desired to maintain amplitude
below the level that c¢an cause irregular heartbeats
(arrhythmiag) and muscle contracticons, i1nadvertent heart
muscle contraction, skeletal muscle twitching and pain.
It 1s ©possible to include means to adjust these
parameters after the implantation, using the stimulator’s

telemetry capability.

[6064] If the stimulation source 1is the constant
current scurce, the stimulation intensity's range can be,
for example, about 0.5 mA to 50 mA. Both monophasic and
biphasic waveforms potentially can be used. The amplitude
and freguency may vary burst to burst or pulse by pulse -
within the same burst o<¢f pulses - for a single burst
waveform. The burst duration can be in the range of 0.1
to 0.25 seconds, the ultimate limiting factor being the

duration of the ventricular refractory period.
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[0065} The IPG intelligence, e.g., &a n[microprocessor
housed in the implant, may adjust the stimulation burst
shape, pulse ghape, frequency of pulses and amplitude of
pulses toc set or control the bleod pressure. The gystem
may also adjust the rate of rise and fall of the pulse
amplitude within the burst to create ramps of wvariable
shape. The microprocessor or monitors the heart, such as
by sensing electric signals from the heart, e.g., ECG
glgrals, pressure signals from a pressure sSensor Qr
oxygen saturation signals from an oxygen saturation
sensor in the heart or vagcular syastem. The
microprocessor executes an algorithm that determines the
burst sghape, pulse shape, frequency of pulses and/or

amplitude of pulses based on the gensor input signals.

[0066] While the invention has Dbeen described in
connecticon with what 1g presently considered to ke the
most practical and preferred embodiment, 1t 1s to be
understood that the invention is not to be limited to the
disclosed embodiment, but on the contrary, is intended to
cover various modifications and equivalent arrangements
inciuded within the spirit and scope of the appended

claims.
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WHAT 15 CLAIMED IS:

1. A method to treat a patient comprising:

artificially stimulating a  chemoreceptor or a
baroreceptor associated with a nerve in or proximate to
the urine generation space or urine collection space of

the patient;

wherein the artificial stimulation promotes the

production of urine by the patient.

2. The method of c¢laim 1 further comprising
placement of an electrode in a vascular space of the
patient and the stimulation includes applying energy
through the electrode to the wvascular space to stimulate

the chemoreceptor or baroreceptor,.

3. The method of c¢laim 2 wherein the vascular
space 1is proximate to a urine generation or collection

area of the patient.

4, The method of ¢laim 2 wherein the wvascular

space 1s proximate to the urine space of the kidney.

5. The method of claim 4 where said urine space is

gpace is innervated by chemoreceptors and baroreceptors.

6. The methed of c¢laim 5 wherein the urine space

ig at the renal pelvis or ureter of the kidney.

7. The method of claim 2 wherein the electrode ig

mounted on a flexible lead and the placement of the
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electrode includes extending the electrode and lead
through the venous system of the patient into the

vagcular space.

8. The method of c¢laims 2 or &8 wherein the

vasgscular space is in the kidney.

g. The method of c¢laim 8 wherein the wvascular
space 1s at least one of a hilum of the kidney, an

arcuate vein, an interlobar vein and a renal vein.

10. The method of c¢laim 2 wherein the placement
step includes positicning the electrode in at least one
of the the interlobar and segmental veins that merge and

exit as a single renal vein of the kidney.

11. The method of c¢laims 2 or 10 wherein the
placement step includes securing the electrode to a wall
of a vein, wherein the wall includes the chemoreceptor or

baroreceptor,

12. The method of any of claimg 1 tc 11 wherien the
step of stimulating includes applying an electrical

current to activate afferent neural signaling

13. The method of any of claims 1 to 12 wherein the

artificial stimulatiocon includes electrical stimulaticn.

14. The method of any of c¢laims 1 to 13 further
compriging placing a stimulation device proximate to a
renal pelvis of the patient and wherein the step of
artificially stimulating includes activating the
gtimulation device.
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15. The method o0f any of claims 1 to 14 <further
comprising selecting the patient for the treatment by
determining the patient is suffering from at least one of
chronic heart failure (CHF), fluid retention and sodium

retention.

16. The method of any of claimg 1 to 15 wherein the
artificial stimulation 1is provided by an implantable

pulse generator (IPG) implanted in the patient.

17. The methed of any of claims 1 to 16 wherein the

urine generation space includes a kidney of the patient.

18. An apparatus to artificially stimulate urine

production in a patlent comprising:

a stimulation device generating a urine production

stimulation signal;

a probe insertable to be proximate to an urine
collection space or a urine generationm space of the
patient, wherein the  probe communicates with  the

stimulation device, and

instructions stored in a non-trangitory memory of
the stimulation device, wherein the instructions are
executed by a processor in the stimulation device to
cause the stimulation device to generate the stimulation

signal and transmit the signal to the probe.

19. The apparatus of claim 18 wherein stimulation

device is an implantable pulse generating device.
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20. The apparatus of claim 18 ox 19 wherein the
stimulation signals include electrical signals and the
probe includes an electrode to transmit the electrical
signals to the urine collection space or the urine

generation space.

21, The apparatus of c¢laims 18 to 20 wherein the
probe is insertable in a vein of a kidney and the kidney

ig in the urine generation space.
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