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BI-LATERAL LOCAL RENAL DELIVERY FOR TREATING
CONGESTIVE HEART FAILURE AND FOR BNP THERAPY

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 60/571,057,
filed May 14, 2004, the full disclosure of which is incorporated herein by reference. Further,
the subject matter of this application is related to that of the following provisional, copending
and published applications, the full disclosures of which are incorporated herein by reference,
including 60/412,343; 60/412,476; 60/493,100; 60/502,468; 60/543,671; 60/550,632;
60/550,774; 60/508,751; 60/476,347; 60/479,329; 60/486,206; 60/486,349; 60/502,600;
60/502,389; 60/502,399; 09/229,390; 10/613,654; 09/562,493; 10/422,645; 10/438,176;
09/724,691; 10/422,624; 10/251,915; 10/636,359; 10/636,801; PCT/US03/21406;
PCT/US03/29740; PCT/US04/08571; PCT/US03/29744; PCT/US03/29743;
PCT/US03/29585; PCT/US03/29586; PCT/USO0/00636; PCT/US01/13686; W0O01/083016;
W02004/026370, W0O2004/030718; W0O2004/026371; W02004/032791; and WO
2004/034767.

BACKGROUND OF THE INVENTION
I Field of the Invention

[0002] This invention pertains generally to systems and methods for providing treatment to
patients who are at risk for congestive heart failure and other conditions, and more
particularly, to a system and method for treating related renal conditions through local

delivery of agents to the renal system.
I Description of Related Art

[0003] Heart failure is a leading cause of morbidity and mortality in the United States.
There are more than 5 million patients with heart failure and over 500,000 newly diagnosed
cases each year. The proper function of the kidney is directly related to cardiac output and
blood pressure. In patients with congestive heart failure (CHF), cardiac output, blood
pressure and renal function can be substantially compromised. Renal function can be further

compromised during surgical intervention such as an angioplasty, coronary artery bypass,
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valve repair and/or replacement, and the like. Additionally, a patient undergoing less
invasive analogs of these procedures can be particularly susceptible to renal damage from

contrast imaging.

[0004] Conventionally, patients with pulmonary edema and symptoms related to CHF are
often treated via systemic administration of diuretics and/or vasodilators in order to reduce
the load on the heart, increase kidney function, and reduce edema. However, since these
patients already suffer from low cardiac output and related blood pressure and renal
problems, these systemically administered agents can take a long time to achieve beneficial
results, if any. At the same time, systemic side effects such as hypotension, which further
compromise the patients, often lead to discontinued treatment prior to having a desired

therapeutic effect.

[0005] Acute renal failure ("ARF") is the sudden and temporary loss of kidney function.
As such, there is an abrupt decrease in the kidney's ability to excrete waste from the blood.
The change in kidney function can be attributable to many causes. Any traumatic event, such
as hemorrhage, gastrointestinal fluid loss, or renal fluid loss without proper fluid replacement
may cause a patient to exhibit ARF. Patients also become prone to developing ARF after
receiving anesthesia, invasive surgery, or alpha-adrenergic agonists because of related
systemic or renal vasoconstriction. Additionally, systemic vasodilation caused by
anaphylaxis, anti-hypertensive drugs, sepsis or a drug overdose may also cause ARF. This
response is likely because the body's natural defense is to temporarily shut down non-
essential organs such as the kidneys; however, in the case of chronic CHF, the reduction in
blood flow to the kidneys is not just temporary. Reduced cardiac output can be caused by
cardiogenic shock, pericardial tamponade, massive pulmonary embolism, or the like.
Notably, reduced cardiac output creates an excess of fluid in the body, which, in turn, can
exacerbate CHF. More specifically, a reduction in blood flow and blood pressure in the
kidneys (i.e., due to reduced cardiac output) can result in the retention of excess fluid in the
body, leading, for example, to pulmonary and systemic edema. As such, there is a strong

correlation between ARF, reduced cardiac output and CHF.

[0006] Various diagnostic systems and procedures employ local delivery of dye (e.g.,
radiopaque "contrast" agents) or other diagnostic agents that permit the external monitoring
system to gather important physiological information about the patient. - Patients that undergo

diagnostic imaging and/or treatment procedures are usually exposed to these contrast agents
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or media. For example, angiography employs a hollow, tubular catheter for locally injecting
radiopaque dye into a blood vessel or chamber, including coronary arteries in the case of
coronary angiography, or a ventricle in the case of cardiac ventriculography. The kidneys are
the body's main blood filtering tools and can be damaged from excessive exposure to high-
density radiopaque contrast dye, such as during coronary-, cardiac-, or neuro-angiography
procedures. These procedures can result in a condition known as radiocontrast nephropathy
(RCN), wherein an acute impairment of renal function follows exposure to radiographic
contrast materials. This typically results in a rise in serum creatinine levels of more than 25%
above baseline, or an absolute rise of 0.5 mg/dl, within 48-72 hours. Hence, in addition to
congestive heart failure (CHF), renal damage associated with RCN is a frequently observed
cause of ARF. RCN is one of the most common causes of onset renal failure and renal

impairment in hospital patients.

[0007] For prolonged local administration of protective agents into the renal system long
dwell times may also be desirable. This can be achieved via a retrograde femoral approach,
such as that commonly used in intravascular catheterization procedures. However, an
antegrade approach, for example, via the brachial or radial arteries, may be more effective
under specific circumstances (i.e., where a patient is not able to lay down during long dwell
times due to pulmonary edema). The antegrade approach is gaining more popularity in
standard coronary and other intravascular intervention, and may be particularly beneficial
over femoral delivery in such cases as mentioned above where a patient will need to be able
to sit up after placement of the device. Notably, when a patient is in motion during dwell
periods, conventional catheter-based devices can become dislodged. For example, dislodging
of a device placed in the renal arteries can occur during arm and upper body motion if placed
via a brachial approach; or during leg, waist or lower body motion (such as simply sitting up

after placement) if placed via a femoral approach.

[0008] Angiographic catheters and other tubular delivery catheters can be used to locally
inject therapeutic agents into specific spaces and lumens into the body of CHF patients.
Examples include local delivery of thrombolytic drugs such as TPA™ agent, heparin,
cumadin, or urokinase into areas of vascular injury including thrombotic stroke, acute
myocardial infarction, or near thrombogenic implants. In addition, various balloon catheter
systems can be used for local administration of therapeutic agents into targeted body lumens
or spaces associated with blood vessels. Balloon catheter systems may include balloons with

porous or perforated walls that elute drug agents into surrounding tissue including walls of
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blood vessels. Multiple balloon catheters employ spaced balloons that are inflated to engage
a lumen or vessel wall in order to isolate the intermediate catheter region from in-flow or out-
flow across the balloons. A fluid agent delivery system can be coupled to the intermediate
catheter region in order to fill the region with a drug. The drug is meant to affect the isolated

region between the balloons.

[0009] There are some advances in the understanding of the pathophysiologic mechanisms
contributing to sodium and water retention in CHF, and patients can be treated with a variety
of drugs. Natriuretic peptides are a group of naturally occurring substances that act in the
body to oppose the activity of the renin-angiotensin system. There are three major natriuretic
peptides: atrial natriuretic or A-type peptide (ANP), which is synthesized in the atria; brain
natriuretic or B-type peptide (BNP), which is synthesized in the ventricles; and C-type
natriuretic peptide (CNP), which is synthesized in the brain. ANP and BNP act mainly as
cardiac hormones while CNP is mostly active in the central nervous system and in peripheral
tissues, including blood vessels. The natriuretic peptides ANP and BNP are also known as
cardioneurohormones, and are secreted from the heart in response. to increased intracardiac
volume or pressure. They are secreted from the ventricles in response to volume expansion
or pressure overload, and levels of BNP have been shown to be elevated in patients with left
ventricular dysfunction. More specifically, both ANP and BNP are released in response to
atrial and ventricular stretch, and will cause vasorelaxation, inhibition of aldosterone
secretion in the adrenal cortex, and inhibition of renin secretion in the kidney. Both ANP and
BNP will cause natriuresis and a reduction in intravascular volume, effects amplified by
antagonism of antidiuretic hormone (ADH). For example, the natural human peptide called
human B-type natriuretic peptide (hBNP) is secreted by the heart as part of the body's normal
response to heart failure. The drug Natrecor® formulation (nesiritide) (manufactured by
Scios Inc.) is a recombinant form of the endogenous human peptide which is intravenously
administered to patients with acutely decompensated congestive heart failure (see Natrecor®
(nesiritide) for Injection, Scios Inc. and U.S. Patent Nos. 5,114,923 and 5,674,710). The
physiologic effects of CNP are different from those of ANP and BNP. CNP has a
hypotensive effect, but no significant diuretic or natriuretic actions. Three natriuretic peptide
receptors (NPRs) have been described that have different binding capacities for ANP, BNP,
and CNP. Removal of the natriuretic peptides from the circulation is affected mainly by
binding to clearance receptors and enzymatic degradation in the circulation. Increased blood

levels of natriuretic peptides have been found in certain disease states, suggesting a role in the
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pathophysiology of those diseases, including congestive heart failure (CHF), systemic
hypertension, and acute myocardial infarction. The natriuretic peptides also serve as disease
markers and indicators of prognosis in various cardiovascular conditions. BNP, which is
synthesized in the cardiac ventricles and correlates with LV pressure, amount of dyspnea, and
the state of neurohormonal modulation, makes this peptide the first potential marker for heart
failure. Measurement of plasma BNP concentration is evolving as a screening technique
(e.g., Biosite Diagnostics, Inc.) for identifying patients with various cardiac abnormalities
regardless of etiology and degree of LV systolic dysfunction that can potentially develop into
obvious heart failure and carry a high risk of a cardiovascular event (Dr. James Hill,

Natriuretic Peptides in Heart Failure, University of Florida College of Medicine (2001)).

[0010] Patients suffering from CHF would enormously benefit from safe and effective local
therapies or prophylaxis of renal conditions related to CHF. Clearly, there exists a clinical
need for treatment that provides for a fluid overload reduction quickly, reliably, and in the
absence of undesired side effects. This is particularly critical, since the CHF patient
population often presents with pulmonary edema and many other serious co-morbidities. A
further need exists for a bilateral reﬁal delivery device system and method that would allow
for reliable and robust positioning of the bilateral delivery/injection assembly in vivo. Such a

system would work regardless of whether the patient is motion or not.

BRIEF SUMMARY OF THE INVENTION
[0011] One aspect of the invention provides a system and method for treating congestive
heart failure (CHF) using an in-dwelling bilateral local renal delivery catheter that is adapted
to maintain the position of a bilateral local renal injection assembly at an injection location
associated with the renal arteries, and during relative patient motion between an access site

and the injection location.

[0012] Another aspect of the invention provides a system and method for bilateral local
renal delivery of an agent that affects renal function in a living being in a manner that
achieves substantial renal concentrations or effects and with substantially lower systemic

concentrations or effects.

[0013] Still, another aspect of the invention provides a system and method for bilateral

local renal delivery of BNP in a living being in a manner that achieves substantial local renal
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concentrations or effects and with substantially lower levels of systemic concentrations or

effects.

[0014] A further aspect of the invention provides for a method that comprises locally
administering a natriuretic peptide into at least one renal artery of a patient. Alternatively,
the natriuretic peptide can be locally delivered into both renal arteries of the patient, wherein

the local delivery into both renal arteries can occur simultaneously.

[0015] The invention further contemplates a method that comprises positioning an
intravascular catheter through an aorta so that at least one delivery port is positioned in or
about at least one renal artery, and delivering an active substance through the intravascular
catheter to the renal artery or arteries, wherein the catheter comprises a compliant region
which accommodates tension or compression resulting from patient movement at the catheter
access site when the catheter is positioned in the aorta and the delivery port is in or about the

renal artery or arteries.

[0016] The invention also encompasses a renal drug delivery catheter that comprises a
catheter body having a proximal end, a distal end, and a drug delivery lumen therethrough,
and a hub on the proximal end adapted to deliver drugs to the drug delivery lumen, wherein
the distal end of the catheter body is adapted to enter a renal artery when the catheter body is
located in an adjacent aorta, and wherein a portion of the catheter body is compliant and
configured to accommodate tension or compression resulting from patient movement when

the catheter body is in the aortic and the distal end is in the renal artery.

[0017] Another aspect of the invention provides for the use of a natriuretic peptide in the
manufacture of a medicament for the therapeutic and/or prophylactic treatment of congestive
heart failure or other conditions, including but not limited to, dyspnea, elevated pulmonary
capillary wedge pressure, chronic renal insufficiency, acute renal failure, cardiorenal
syndrome, and diabetes mellitus. The invention further provides for the use of a natriuretic
peptide in the manufacture of a medicament for the therapeutic and/or prophylactic treatment
of renal conditions that are associated with congestive heart failure or any or all of the
conditions described above. The natriuretic peptide is locally administered into at least one
renal artery of a patient. Alternatively, the natriuretic peptide can be locally administered
into both renal arteries of the patient, wherein the local administration into Both renal arteries

can occur simultaneously.
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[0018] Another aspect of the invention provides for the use of a natriuretic peptide in the
preparation of an agent in ready-to-use drug form for treating or preventing congestive heart
failure or other conditions, including but not limited to, dyspnea, elevated pulmonary
capillary wedge pressure, chronic renal insufficiency, acute renal failure, cardiorenal
syndrome, and diabetes mellitus. The invention further provides for the use of a natriuretic
peptide in the preparation of an agent in ready-to-use drug form for treating or preventing
renal conditions that are associated with congestive heart failure or any or éll of the

conditions described above.

[0019] Various further aspects, modes, embodiments, variations, and features of the
invention will be brought out in the following portions of the specification, wherein the
detailed description is for the purpose of fully disclosing particular illustrative embodiments

of the invention without placing limitations thereon.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The present invention is best understood when read in conjunction with the
accompanying figures, which serve to illustrate the preferred embodiments. It is understood,
however, that the invention is not limited to the specific embodiments disclosed in the

figures.

[0021] Figure 1A depicts one embodiment of the invention, a bifurcated infusion catheter
intended for antegrade delivery to the renal arteries, with a flexible shaft of suitable length for

brachial artery access and a randomly shaped compliant section.

[0022] Figure 1B depicts another embodiment of a bifurcated infusion branch

configuration for the antegrade catheter as demonstrated in Figure 1A.

[0023] Figure 1C depicts a further embodiment of the invention, a bifurcated infusion
catheter intended for retrograde delivery to the renal arteries, with a flexible shaft of suitable

length for femoral or iliac artery access and a randomly shaped compliant section.

[0024] Figure 1D depicts a further embodiment of a bifurcated infusion branch shape for

the retrograde catheter as demonstrated in Figure 1C.

[0025] Figure 2 illustrates another embodiment of the invention, a catheter with a
structured section in the form of a coil along a catheter shaft. This design accommodates

patient movement without affecting renal placement of the catheter.
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[0026] Figure 3 depicts a graph that shows the systemic BNP concentration in two
different test animals as a result of intra-renal (IR) vs. intravenous (IV) administration of
BNP. Differences of 75% and 66%, and 61% and 69% in serum BNP levels were seen with
IR (@) versus IV (M) infusion of BNP at comparable time points in Canine #1 (solid lines)

and Canine #2 (broken lines), respectively.

[0027] Figure 4A depicts a graph that shows the mean arterial pressure changes due to
intravenous (IV) BNP administration. A maximum BP reduction of 50% with IV BNP
administered during constricted vascular state induced by phenylepherine demonstrated an

anti-vasoconstrictive effect of BNP.

[0028] Figure 4B depicts another graph that shows the mean arterial pressure changes to
intra-renal (IR) BNP administration. A maximum BP reduction of 15% with IR BNP
administered during constricted vascular state induced by phenylepherine is shown. The
relative lack of effect on MAP as compared to IV administration demonstrated the effect of

lower systemic BNP levels due to IR administration and renal first-pass effects.

DETAILED DESCRIPTION OF THE INVENTION
[0029] I  Definitions

[0030] The following definitions are set forth to illustrate and define the meaning and scope

of the various terms used to describe the present invention.

[0031] A "natriuretic peptide" refers to a natural or artificial substance that can be
administered to a subject that is at risk for developing or suffering from one or more
condition, including, but not limited to congestive heart failure, dyspnea, elevated pulmonary
capillary wedge pressure, chronic renal insufficiency, acute renal failure, cardiorenal
syndrome, and diabetes mellitus. The natriuretic peptide can administered via a
pharmaceutical carrier, in a pharmaceutical compositions, in form of a drug, as an agent or
via other suitable means. Examples of natriuretic peptides are atrial natriuretic or A-type
natriuretic peptide (ANP), brain natriuretic or B-type natriuretic peptide (BNP), and C-type
natriuretic peptide (CNP).

[0032] The term "compliant region", as used herein, refers to a portion of a catheter or
other similar device. The compliant region accommodates tension or compression resulting

from patient movement when a catheter or similar device is positioned inside of the patient.
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This may be accomplished by the catheter having a specific section wherein the forces
required to stretch or compress the section’s length are substantially less than those required
to displace the catheter at its renal location or at its vascular access site; the section may be
formed of a more compliant material than the remainder of the catheter in order to achieve
this behavior. Alternatively, this may be accomplished via providing a pre-set or random
shape to a section of the catheter shaft, the provision of which will effect a similar ability to
isolate movement from one end of the catheter to the other, preventing dislodgment of the
catheter from its renal location. Examples of the latter type of compliant region include, but
are not limited to, structures that have a coil, a serpentine, or a zig-zag geometry, and in these
cases the material properties of the compliant region may be the same, similar, or different

than those of the remainder of the catheter.

[0033] The term "active substance", as used herein, refers to any agent, drug, and/or
pharmaceutical composition that can be administered to a subject, including animals and

humans. The active substance can be naturally derived or synthetically manufactured.
[0034] II.  Bi-Lateral Local Renal Delivery

[0035] One aspect of the invention provides for a method that comprises locally
administering a natriuretic peptide into at least one renal artery of a patient. Alternatively,
the natriuretic peptide can be locally delivered into both renal arteries of the patient, wherein
the local delivery into both renal arteries can occur simultaneously. Local renal artery
infusion is preferable over standard IV administration as the renal dose can be maximized
while concurrently the systemic exposure is reduced due to the first-pass elimination effects
of the kidneys. This method is particularly applicable when the patient is at risk of developing
and/or suffers from at least one condition including, but not limited to, congestive heart
failure, dyspnea, elevated pulmonary capillary wedge pressure, chronic renal insufficiency,
acute renal failure, cardiorenal syndrome, and diabetes mellitus, and when the patient is
resistant to IV therapy due to systemic dosing limitations or side effects. Preferably, the
peptide is administered in form of a drug or pharmaceutical composition. In one
embodiment, the drug is delivered in bolus form at a dosage of about 1 to 5 mcg/kg. In
another embodiment, the drug is delivered via continuous administration at a dosage of about
0.005 to 0.05 mcg/kg/min. In yet another embodiment, the drug is delivered through a bolus
form at a dosage of about 1 to 5 mcg/kg in combination with continuous administration at a

dosage of about 0.005 to 0.05 mcg/kg/min. The natriuretic peptide administered to the
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patient includes BNP, ANP, and CNP, or a combination of one or more of these. The
administration of the natriuretic peptide may be adjusted depending on various factors, such
as clinical condition of the patient, age of the patient, severity of the disease, environmental
factors, etc. For example, a patient suffering from moderate to severe symptoms of CHF can
be administered natriuretic peptide in form of a bolus at, for example, 2 mcg/kg bolus
followed by a 0.01mcg/kg/min infusion. The dose is adjustable and the infusion dose can be
increased or decreased as necessary to achieve the desired effects. Alternatively or in

combination, an additional bolus dose could also be given.

[0036] The invention further contemplates a method that comprises positioning an
intravascular catheter through an aorta so that at least one delivery port is positioned in or
about at least one renal artery, and delivering an active substance through the intravascular
catheter to the renal artery or arteries, wherein the catheter comprises a compliant region
which accommodates tension or compression resulting from patient movement when the
catheter is positioned in the aorta and the delivery port is in the renal artery or arteries. The
compliant region of the catheter is preferably non-linear and includes, but is not limited to, a
coil structure, a serpentine structure, or a zig-zag structure. Such a structure allows that
section of the catheter to absorb motion like a spring, allowing the renal delivery prtion of the
catheter to remain in its location for agent delivery while the patient is mobile. In addition,
the compliant region of the catheter may have a stiffness less that than of adjacent regions to
permit slackness in the region after deployment in the aorta. In one embodiment, the
positioning of the intravascular catheter comprises straightening the compliant region with a
stylet disposed within a lumen of the catheter, advancing the catheter through the aorta while
the catheter remains straightened with the stylet, and withdrawing the stylet from the
compliant region to allow the compliant region to assume its non-linear configuration. The
active substance that is delivered via this method comprises a natriuretic peptide (e.g., BNP,
ANP, and CNP). The method may further include delivering the natriuretic peptides at
specific dosages. As indicated above, the natriuretic peptide can be delivered in bolus form
at a dosage of about 1 to 5 mcg/kg, via continuous administration at a dosage of about 0.005
to 0.05 mcg/kg/min, and/or through a bolus form at a dosage of about 1 to 5 mcg/kg in
combination with continuous administration at a dosage of about 0.005 to 0.05 mcg/kg/min.
Related systems and methods are disclosed in co-pending commonly owned PCT
International Patent Application Nos. PCT/US03/29744 and PCT/USO4/08573, the

disclosures of which are incorporated herein by reference in their entirety.

10
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[0037] III. Local Renal Delivery System

[0038] The invention also encompasses a renal drug delivery catheter that comprises a
catheter body having a proximal end, a distal end, and a drug delivery lumen therethrough,
and a hub on the proximal end adapted to deliver drugs to the drug delivery lumen, wherein
the distal end of the catheter body is adapted to enter a renal artery when the catheter body is
located in an adjacent aorta, and wherein a portion of the catheter body is compliant and
configured to accommodate tension or compression resulting from patient movement when
the catheter body is in the aorta and the distal end is in the renal artery. The portion of the
catheter body that is compliant and configured to accommodate tension or compression is
preferably non-linear and includes, but is not limited to, a coil, a serpentine, or a zig-zag
geometry over a length. In addition, the compliant section or portion may have a stiffness
that is less than that of adjacent regions of the catheter so that the complaint section is slack
and can be loosely deployed to accommodate tension and elongation after placement. In one
embodiment, the renal drug delivery catheter further comprises a stylet, which can be placed

in a lumen during delivery to straighten the compliant section or portion.

[0039] One embodiment of the invention provides a bifurcated renal infusion catheter. The
catheter can be placed bilaterally into the renal arteries via the aorta to infuse any given agent
or drug directly into the renal circulation. This simultaneously achieves the desired renal
effect and the reduction or elimination of systemic side effects. This embodiment is
illustrated in Figure 1, wherein the bifurcated infusion catheter consists of a flexible shaft of a
usable length, which can be, for example, between about 70 cm to approximately 160 cm long,
with an outer diameter within a range, for example, of between about 2 Fr. to about 6 Fr., with
two distal infusion branches. Each infusion branch includes a generally flexible tubular
construction with an outer diameter that may typically be in the range for of between about 1
Fr. to about 3 Fr. The two branches may be generally opposed, such as for example by about
180°, so as to aid in bilateral renal artery cannulation. The branches can be desirably shaped
in order to aid with a specific anatomy. Composite construction (e.g., coiled or braided
extruded polymers and/or co-extrusions) of the shaft and infusion branches may be employed
in order to take advantage of other embodiments including flexibility, column strength, and
torque response. The branches themselves can be cylindrical or may have non-circular cross-
sections. The distal (working) end of the device is can be constructed from materials that are
visible under fluoroscopy. Alternatively, such materials may be incorporated or placed in or

on the device so as to aid in placement under fluoroscopic guidance. The proximal end of the
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shaft is generally adapted to couple to a fluid source. The device is further adapted for fluid
delivery from the source outside the patient and directly into the renal vasculature. The

coupler may take the form of an industry-standard luer fitting or other forms as needed.

[0040] With the bifurcated renal infusion catheter, arterial access is gained via the brachial
artery by using standard techniques (i.e., Seldinger). As such, a standard, commercially
available guiding catheter (e.g., about 6-8 Fr.) or guide sheaths (e.g, ébout 4-6 Fr.) can be
placed through the access and guided in retrograde fashion to the aortic arch via fluoroscopy.
The guiding catheter or guide sheath is advanced into the peri-renal aorta in an antegrade
manner. Through this guiding catheter or guide sheath the bifurcated infusion catheter is then
delivered and placed into the renal arteries bilaterally. This device provides for a quick and
simple bilateral renal artery cannulation and placement. Once the infusion catheter has been
placed, infusion of any given substance (e.g., drug, solution, efc.) can begin according to a
physician's direction. Optionally, the device could be introduced through a different artery,
for example, the radial artery, depending on preference. Advantages to the use of a guide
sheath over a guiding catheter are that it can serve as the access sheath as well, eliminating the
need for a third device (introduction sheath) as would be required with the guiding catheter

approach, and, as such, this may allow for a reduced profile a the vessel entry site.

[0041] The catheter of the instant invention can include a mechanism or structure that can
be incorporated within the device to absorb or otherwise accommodate patient movement.
This prevents the displacement of the infusion branches from the renal arteries. In order to
alleviate a patient's condition, the bifurcated infusion catheter as described may be placed into
the patient for an extended period of time (e.g., 4-12 hours or longer). The patient may not
remain perfectly still during all of this time, thus, a mechanism that prevents displacement of
the device is beneficial and a novel feature of this invention. Accordingly, one embodiment
provides a specifically structured section (e.g., a compliant region) of the device for
accommodating patient movement without branch dislodgement. The compliant region
accommodates tension or compression resulting from patient movement when the catheter is
positioned in the aorta. The compliant region can be non-linear and includes, but is not
limited to, a coil structure, a serpentine structure, or a zig-zag structure. This compliant
region (e.g., a movement-absorbing structure) can be placed, for example, just proximal of
the bifurcated infusion branch portion of the catheter. This type of structure allows the
device to change length and bend as needed, so that the infusion branches stay in the renal

arteries as placed. In one embodiment, the compliant region comes in the form of a loose coil
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or wave along the catheter shaft. This structure takes shape once deployed in the patient, and
can accommodate patient movement without affecting renal placement. An example of this
type of pre-formed structure is shown in Figure 2. Alternatively, this coil or wave may be of
a random nature, formed after placement of the device in the patient. The inclusion of a
compliant region as described, could in some instances interfere with the handling
characteristics of the device, in particular when force transfer is desired, such as during
branch seating. Therefore, another structure, such as a mandrel or a stylet provides for the
required column strength and torque response to allow for device placement into the renal
arteries. A mandrel or a stylet can be placed into the device's fluid lumen to aid in the
handling response. The inclusion of a mandrel or stylet aids in keeping the device in a
straight configuration, and thus, aids in the axial handling response (push, pull) by providing
column strength. A mandrel and its corresponding lumen may be of a non-circular cross
section, so as to also provide a mechanism for transmitting torque along the length of the
device (whereas a standard round mandrel in a round lumen may simply spin without
transmitting torque). In another embodiment, the mandrel or stylet is bifurcated in a similar
geometric fashion as the catheter, such that the mandrel or stylet extends into both infusion
branches simultaneously, and thus, torque can be transmitted in that manner. If placed in the
fluid lumen, a stylet may be removed as necessary to allow agent infusion into the renal

arteries.

[0042] Additional embodiments of the device and associated method as described above
are included herein. For example, a device may be designed to be delivered from below, i.e,
via a retrograde femoral approach, and thus, the dimensions, overall construction, and
infusion branch shape may be altered to better suit this use. The access into the brachial
artery (and approach from this point to the renal arteries) is usually preferred in patients with
pulmonary edema subsequent to CHF. In this case the device’s dimension, overall
construction, and infusion branch shape are tailored for brachial delivery and the antegrade
approach. Usually, the device is placed with the patient while he or she is lying down. During
infusion times, these patients may not be able tolerate lying down (i.e., flat) for the entire
length of time because of the high amount of fluid in their lungs. Thus, these patients may
need to sit up in order to properly breathe. Consequently, a standard femoral or iliac
approach can be difficult in these patients since the access for the device is within the crease
of the groin. When the patient is sitting up, device dislocation can occur. In order to address

this issue, a motion-absorbing structure such as the one described previously (e.g., compliant
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region) or one of another form that serves a similar purpose may be employed to allow the
device to adapt to the patient's vasculature during movement. The device's infusion branches
could incorporate an additional fixation mechanisms or features to hold the infusion branches
in the renal arteries. This allows for substantial blood flow across the point of fixation such
that the baseline renal artery flow is not compromised and any agents and/or drugs are
efficiently administered. Furthermore, any materials, preferred coatings, dimensions, and the
like can be adjusted to various clinical needs and/or physicians' preferences and, thus, are

considered to be within the scope of this invention.

[0043] Another embodiment of the invention provides for a method wherein the bifurcated
catheter remains substantially inside of the guiding catheter or guide sheath during
placement. More specifically, only the distal infusion branches are deployed from the
guiding catheter or guide sheath. The various other maneuvers that are usually required for
placement of the catheter are carried out by maneuvering the guiding catheter or guide
sheath. The flexible, motion-absorbing section of the bifurcated infusion catheter is not
exposed until after the branches are placed in the renal arteries. Modifications to this method
to allow for effective maneuvering of a flexible portion of the catheter are considered within

the scope of the invention.

[0044] The bifurcated local renal infusion devices of the instant invention are useful in
animals and humans, particularly for the infusion of agents and drugs into the peripheral
vasculature, including the renal arteries. The device has been successful in both animal (see
Examples) and human models. It has proven to be particularly effective whenever it is
necessary to quickly access the renal arteries bilaterally and deliver agents or drugs into the
renal vasculature selectively, and without eliciting any unwanted side effects. For example, in
the canine model, the device was used to evaluate intrarenal (IR) infusion of Natrecor® agent
(B-type natriuretic peptide or BNP, see Scios Inc., Johnson & Johnson). A pharmacokinetic
study in two dogs (see Examples below) demonstrated significantly reduced steady-state
levels of plasma BNP when a given dose was administered IR versus systemically (IV) (i.e,
the average reduction was 63%). This shows a significant first-pass clearance effect of BNP
by the kidneys and, thus, may serve to increase the maximum usable dose. Clinically, the
main side effect of BNP has been that systemic hypotension often limits the dose, and/or time
a dose can be given, thereby reducing the efficacy of the drug. Through this animal work, it
has been shown that IR delivery of BNP results in reduced systemic levels when compared to

IV delivery of BNP, and thus, proportionately reduces the occurrence of side effects like
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hypotension. A more detailed description of the studies and the related in vivo observations

follows in the Example section.

[0045] Other devices or methods, including pharmaceutical preparations or dosing or
delivery regimens, and medical therapeutic or prophylactic procedures, are also contemplated

herein.
[0046] IV. Examples

[0047] The following specific examples are intended to illustrate the invention and should
not be construed as limiting the scope of the claims. The examples provide a summary of a
pre-clinical investigation of the hypotensive effects and pharmacokinetics of intra-renal (IR)

versus intravenous (IV) administration of a B-type natriuretic peptide in the canine model.
[0048] (i) Purpose

[0049] The purpose of the experiments was to demonstrate the pharmacokinetics and
certain other effects of a novel means of administration (intra-renal, IR) of B-type natriuretic
peptide (BNP) versus standard intravenous (IV) administration. The experimental hypothesis
was that IR administration of the natriuretic peptide would result in reduced systemic
exposure (as measured by serum BNP levels) and, thus, reduced systemic side effects (e.g.,

hypotension), afforded by the kidneys’ first-pass elimination of the peptide.
[0050] (ii)) Experimental Protocol

[0051] IR versus IV administration of human recombinant BNP (Natrecor® agent, Scios,
Inc., Johnson & Johnson) was compared in the canine model (two animals). IR infusion was
achieved using the FlowMedica Benephit™ Infusion System (FlowMedica, Inc.). IV and IR
administration was performed in each animal sequentially, and the administration periods
were separated by five days to allow for washout and re-acclimation of the animals. IV
administration was conducted on the first day in both animals. Other than the route of BNP
administration, all other parameters were identical between the IV and IR administration days

in both dogs.

[0052] Canine #1 received a 2mcg/kg/min bolus of BNP followed immediately by a 0.15
mcg/kg/min BNP infusion for 90 minutes, followed by a 2-hour washout period. Then

vasoconstriction was induced via phenylepherine until mean arterial pressure (MAP) was
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increased by approximately 30% (approximately 1 hour), and then BNP was again

administered at 0.15 mcg/kg/min for 90 minutes.

[0053] Canine #2 received a 2 mcg/kg/min BNP bolus followed immediately by a 4-hour
continuous infusion of BNP at 0.15 mcg/kg/min.

[0054] Key endpoints included serum levels of BNP (pharmacokinetics, both animals)
following IR and IV BNP administration, and blood pressure response in response IR and IV

BNP administration (Canine #1 only).
[0055] (iii)) Results

[0056] The mean difference between serum BNP levels at comparable time points
associated with IR and IV infusion was 75% and 66%, and 61% and 69% in Canine #1 and

Canine #2, respectively (higher with IV administration in both cases). See Figure 3.

[0057] In Canine #1, a 50% maximum reduction in MAP was observed with IV BNP
administration adjunctive to phenylepherine administration, whereas a maximum reduction of
only 15% was seen with IR BNP administration in the presence of artificially-increased MAP
via phenylepherine. See Figures 4A and 4B. The relative lack of effect on MAP as
compared to IV administration demonstrated the effect of lower systemic BNP levels due to

IR administration and renal first-pass effects.
[0058] (iv) Conclusions

[0059] IR administration of BNP resulted in approximately 61-75% lower systemic levels
than the IV administration of the same dose; thus, a significant renal first-pass effect was
demonstrated in keeping with the experimental hypothesis. Also demonstrated was a
decreased blood pressure effect, a 50% maximal reduction with IV administration versus a
15% maximal reduction with IR at the same dose, under similar baseline conditions of
controlled MAP achieved via administration of phenylepherine. Based on these findings it is
likely that IR administration of BNP (and other natriuretic peptides) allows for increased
renal effects by increasing the local dose while at the same time reducing systemic side
effects, because renal first-pass effects reduce systemic exposure to the drug. This provides a
significant clinical benefit for patients for whom the effective dose is limited due to

hypotensive or other side effects.
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[0060] Various modifications and variations of the present invention will be apparent to
those skilled in the art without departing from the scope and spirit of the invention. Although
the invention has been described in connection with specific preferred embodiments, it
should be understood that the invention as claimed should not be unduly limited to to such
specific embodiments. Indeed, various modifications of the described modes for carrying out
the invention which are obvious to those skilled in the art are intended to be within the scope
of the claims. All publications, patents and patent applications cited in this specification are

herein incoporated by reference in their entirety.
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WHAT IS CLAIMED IS:

1. A method comprising:
locally administering a natriuretic peptide into at least one renal artery of a

patient.

2. A method as in claim 1, wherein the natriuretic peptide is locally

delivered into both renal arteries of the patient.

3. A method as in claim 2, wherein the local delivery into both renal

arteries occurs simultaneously.

4. A method as in claim 1, wherein the patient is at risk of developing at
least one condition selected from the group consisting of congestive heart failure, dyspnea,
elevated pulmonary capillary wedge pressure, chronic renal insufficiency, acute renal failure,

cardiorenal syndrome, and diabetes mellitus.

5. A method as in claim 1, wherein the patient is suffering from least one
condition selected from the group consisting of congestive heart failure, dyspnea, elevated
pulmonary capillary wedge pressure, chronic renal insufficiency, acute renal failure,

cardiorenal syndrome, and diabetes mellitus.

6. A method as in claim 1, wherein the peptide is administered under

conditions selected to reduce the risk of systemic side effects including hypotension.

7. A method as in claim 1, wherein the peptide is delivered in form of a

drug or pharmaceutical composition.

8. A method as in claim 7, wherein the drug is delivered in bolus form at

a dosage of about 1 to 5 mcg/kg.

9. A method as in claim 7, wherein the drug is delivered via continuous

administration at a dosage of about 0.005 to 0.05 mcg/kg/min.

10. A method as in claim 7, wherein the drug is delivered through a bolus
form at a dosage of about 1 to 5 mcg/kg in combination with continuous administration at a

dosage of about 0.005 to 0.05 mcg/kg/min.
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11. A method as in claim 1, wherein the natriuretic peptide is selected
from the group consisting of BNP, ANP, and CNP.
12. A method comprising:

positioning an intravascular catheter through an aorta so that at least one

delivery port is positioned in at least one renal artery; and

delivering an active substance through said intravascular catheter to said at

least one renal artery;

wherein the catheter comprises a compliant region which accommodates
tension or compression resulting from patient movement when the catheter is positioned in

the aorta and the delivery port is in the at least one renal artery.

13. A method as in claim 12, wherein the compliant region is non-linear

and comprises a coil structure, a serpentine structure, or a zig-zag structure.

14. A method as in claim 12, wherein the complaint region has a stiffness
less that than of adjacent regions to permit slackness in the region after deployment in the

aorta.
15. A method as in claim 14, wherein the positioning comprises:

straightening the compliant region with a stylet disposed within a lumen of the

catheter;

advancing the catheter through the aorta while the catheter remains

straightened with the stylet; and

withdrawing the stylet from the compliant region to allow the compliant

region to assume its non-linear configuration.

16. A method as in claim 15, wherein the active substance comprises a

natriuretic peptide.

17. A method as in claim 16, wherein the natriuretic peptide is selected

from the group consisting of BNP, ANP, and CNP.
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18. A method as in claim 16, wherein the natriuretic peptide is delivered in

bolus form at a dosage of about 1 to 5 mcg/kg.

19. A method as in claim 16, wherein the natriuretic peptide is delivered

via continuous administration at a dosage of about 0.005 to 0.05 mcg/kg/min.

20. A method as in claim 16, wherein the drug is delivered through a bolus
form at a dosage of about 1 to 5 meg/kg in combination with continuous administration at a

dosage of about 0.005 to 0.05 mcg/kg/min.
21. A renal drug delivery catheter, said catheter comprising:

a catheter body having a proximal end, a distal end, and a drug delivery lumen

therethrough; and
a hub on the proximal end adaptéd to deliver drugs to the drug delivery lumen;

wherein the distal end of the catheter body is adapted to enter a renal artery

when the catheter body is located in an adjacent aorta; and

wherein a portion of the catheter body is compliant and configured to
accommodate tension or compression resulting from patient movement when the catheter

body is in the aortic and the distal end is in the renal artery.

22. A renal drug delivery catheter as in claim 21, wherein said portion is

non-linear and has a coil, serpentine, or zig-zag geometry over a length.

23. A renal drug delivery catheter as in claim 21, wherein the compliant
section has a stiffness that is less than that of adjacent regions of the catheter so that the
complaint section is slack and can be loosely deployed to accommodate tension and

elongation after placement.

24. A renal drug delivery catheter as in claim 21, further comprising a

stylet which can be placed in a lumen during delivery to straighten the compliant portion.
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