WO 2004/058334 A1 | |00 000 D0 O OO A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
15 July 2004 (15.07.2004)

—
I\

A A
L)
LWIPO>

(10) International Publication Number

WO 2004/058334 Al

A61M 5/142,

(51) International Patent Classification’:
25/00

(21) International Application Number:
PCT/US2003/041227

(22) International Filing Date:
23 December 2003 (23.12.2003)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/436,294
60/508,353

Us
UsS

23 December 2002 (23.12.2002)
3 October 2003 (03.10.2003)

(71) Applicant: MEDTRONIC, INC. [US/US]; MS LC 340,
710 Medtronic Parkway NE, Minneapolis, MN 55432
(US).

(72) Inventor: HERUTH, Kenneth, T.; 4904 Bruce Avenue,
Edina, MN 55424 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BW, BY, BZ, CA, CH, CN, CO, CR,
CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, GB, GD,
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR,
KZ,LC,LK,LR,LS,LT, LU, LV, MA, MD, MG, MK, MN,
MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RU,
SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (regional): ARIPO patent (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Buropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE,
SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: IMPLANTABLE DRUG DELIVERY SYSTEMS AND METHODS

3220

J

D

3Ha

NN

N RN RN

375 328

NN

32%

NN SN

2

(57) Abstract: Devices, systems and methods for delivering
one or more drugs to one or more internal body locations (such
as the cerebrospinal fluid) are disclosed. In various aspects,
the systems and methods may involve catheters having infusion
sections with permeable membranes that develop significant
back pressure to enhance uniform delivery of the drug over
an infusion section; catheters that have two or more infusion
sections spaced apart along the length of the same catheter,
catheters that include two or more infusion sections serviced
by independent lumens (such that, e.g., different drug solutions
can be delivered to the different infusion sections); implantable
drug delivery systems with pumps and multiple reservoirs
from which drugs can be delivered; systems that are capable
of delivering drug solutions with selected densities; etc.
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IMPLANTABLE DRUG DELIVERY SYSTEMS AND METHODS

BACKGROUND

There are a number of conventional devices available for delivering drugs to
a patient. More specifically, completely implantable drug delivery systems
are available. Examples include the ISOMED and SYNCHROMED
implantable pumps available from Medtronic, Inc., Minneapolis, Minnesota
USA.

Completely implantable drug delivery systems typically include a pump
which stores and infuses the drug in a desired infusion mode and rate, and a
catheter which routes the drug from the infusion pump to the desired
anatomic site. Implantable pumps may be large and are typically implanted
in areas of the body with available volume that is not completely filled with
body organs, such as the abdomen. The target site for drug infusion may,
however, be located at a distance from the pump. A thin flexible catheter is
typically implanted to provide a guided pathway for drugs from the pump to

the target location.

Implantable pumps are often used to treat neurological diseases; examples
are chronic pain and intractable spasticity. These conditions require
treatment for a long time, frequently for the lifetime of the patient. An
implantable pump can deliver drugs at a desired rate without intervention
for a long time, and make drug therapy much easier and more accurate.
Large doses of oral drugs would be required since the blood-brain barrier
prevents most of the drug from reaching the central nervous system. Some
of the drug that is blocked by the blood-brain barrier will instead travel to
other organs, and can cause undesirable side effects. A catheter can,
however, penetrate the membranes that comprise the blood-brain barrier and

infuse the drug directly to the target receptors.
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The neurological drug receptors for many therapies, such as pain and
spasticity, are located in the spinal cord. A catheter cannot be surgically
connected to the spinal cord because it could damage other neurons and
cause serious neurological problems. The brain and spinal cord are
surrounded by cerebrospinal fluid (CSF). CSF provides a cushioning effect
for the spinal cord, but also provides a vehicle to deliver substances such as
proteins, glucose, and ions (e.g. sodium, calcium, and potassium) to the
central nervous system. Neurological drug infusion systems are designed to
utilize this property of CSF. The drug is infused into CSF and then
distributed through the CSF to the receptors in the spinal cord. These

systems typically rely on infusion at one location.

Other limitations of known implantable systems and methods of drug
delivery is that the systems may be limited to a single reservoir from which
only one drug solution can be delivered at any given time. The density of
the drug solutions delivered by such systems cannot be changed after

implantation of the devices.

SUMMARY OF THE INVENTION

The present invention provides systems and methods for delivering one or
more drugs to one or more internal body locations (such as the CSF). In
various aspects, the systems and methods may involve catheters having
infusion sections with permeable membranes that develop significant back
pressure to enhance uniform delivery of theT drug over an infusion section;
catheters that have two or more infusion sections spaced apart along the
length of the same catheter, catheters that include two or more infusion
sections serviced by independent lumens (such that, e.g., different drug
solutions can be delivered to the different infusion sections); implantable
drug delivery systems with pumps and multiple reservoirs from which drugs
can be delivered; systems that are capable of delivering drug solutions with

selected densities; etc.

The present invention may, in one aspect, preferably provide physicians

with the ability to tailor the delivery of drugs within the spinal region.
2
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Tailored delivery of one or more drugs in accordance with the present
invention may, e.g., increase the therapeutic efficacy of the drug infused by
the system and may also reduce the amount of drug that reaches other sites
in, e.g., the spine or brain (thus potentially reducing undesirable side

effects).

In accordance with various exemplary aspects of the invention, the
distribution profile of an intrathecally delivered drug solution may be
modified by, e.g., varying the baricity (density) of the solution, changing the
concentration or hydrophilicity/hydrophobicity of the drug (e.g., selecting a
polymorph form of an agent, acid or base salt or neutral form an agent, etc.;
selecting a different suitable agent; etc.) or solution carrying the drug,
changing the location within the spinal cord where the drug is infused,
changing the infusion rate of the drug, changing a pore size of a permeable

membrane through which the drug is infused, or a combination thereof.

In some embodiments, the present invention may be in the form of a drug
delivery catheter that includes an elongated body with a proximal end and
distal end. The catheter includes a lumen extending from the proximal end
of the body to an infusion section spaced from the proximal end of the body.
The infusion section may preferably include two or more openings in a wall
of the lumen within the infusion section and a permeable membrane
covering the two or more openings in the infusion section. The two or more
openings and the permeable membrane covering them may preferably create
a back pressure in the lumen such that the drug exits the infusion section
through all of the two or more openings in the infusion section when a drug
is delivered to the infusion section through the lumen at a continuous rate of

1 milliliter per hour or less.

In connection with the catheters described herein, it may be preferred that
the permeable membrane create a back pressure of 300 pascals or more in
the lumen when the drug is delivered to the infusion section through the

lumen at a continuous rate of 2 microliters per hour.
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An alternative manner of characterizing the permeable membrane of the
catheter described in the preceding paragraph may be based on molecular
weight cut-off, e.g., where the permeable membrane has a molecular weight

cut-off of 80 kiloDaltons or less.

In other embodiments, a drug delivery catheter in accordance with the
present invention may be described as including an elongated body having a
proximal end and distal end. The elongated body includes a lumen
extending from the proximal end of the body to an infusion section spaced
from the proximal end of the body. The catheter may include one or more
openings in a wall of the lumen within the infusion section and a permeable
membrane covering the one or more openings in the infusion section. The
one or more openings and the permeable membrane covering them may
preferably create a back pressure of 300 pascals or more in the lumen when
the drug is delivered to the infusion section through the lumen at a
continuous rate of 2 microliters per hour. The permeable membrane may,

e.g., have a molecular weight cut-off of 80 kiloDaltons or less.

In still another embodiment, a drug delivery catheter in accordance with the
present invention may include an elongated body with a proximal end and
distal end. A lumen may extend from the proximal end of the body to an
infusion section spaced from the proximal end of the body. One or more
openings may be formed in a wall of the lumen within the infusion section
and a permeable membrane may cover the one or more openings in the
infusion section. The permeable membrane may have a molecular weight

cut-off of 80 kiloDaltons or less.

In other embodiments, the catheters described herein may be used in drug
delivery systems that include a drug delivery apparatus including a pump
and a reservoir. The drug delivery apparatus may preferably be implantable

within the body of the patient.

Various methods of using drug delivery catheters including permeable
membranes according to the present invention may also be characterized on

the basis of back pressures developed at specified flow rates and/or the

4
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molecular weight cut-off of the permeable membrane. For example,
delivering the drug may create sufficient back pressure in the lumen such
that the drug passes through all of the two or more openings in the infusion
section when the drug is delivered to the infusion section through the lumen
at a continuous rate of 1 milliliter per hour or less. In addition, the method
may be characterized as creating a back pressure of 300 pascals or more in
the lumen when the drug is delivered to the infusion section through the

lumen at a continuous rate of 2 microliters per hour.

In another method of using a drug delivery catheter according to the present
invention, delivering the drug may involve creating a back pressure of 300
pascals or more in the lumen when the drug is delivered to the infusion

section through the lumen at a continuous rate of 2 microliters per hour.

In still another method of using a drug delivery catheter according to the
present invention, delivering the drug through the infusion section may
involve passing the drug out of the infusion section through all of one or
more openings formed through a wall of the lumen within the infusion
section, wherein the drug passes through a permeable membrane covering
the one or more openings, and wherein the permeable membrane has a

molecular weight cut-off of 80 kiloDaltons or less.

In some embodiments, the drug delivery catheters used in, e.g., systems of
the present invention may include more than one infusion section. The
infusions sections may be located along the same lumen or different lumens.
It may be preferred that the different infusion sections be separated along
the axial length of the catheter by a distance of, e.g., 20 mm or more.
Further, the walls of the lumen may preferably be impermeable to liquids
between the infusion sections such that drug delivery through the catheter is

restricted to the infusion sections.

Spacing between adjacent infusion sections along the length of a drug
delivery catheter may be characterized in a variety of manners. As noted
above, the infusion sections may preferably be separated by an axial

distance of 20 mm or more. In other embodiments, the infusion sections

5
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may be separated by, e.g., an axial distance of one human vertebral level or
more. In still other embodiments, the infusion sections may be separated
by, e.g., an axial distance of 40 mm or more. In other embodiments, the
infusion sections may be separated by, e.g., an axial distance that is a whole

number multiple of one human vertebral level (e.g., 40 mm).

In other embodiments, the catheters including multiple infusion sections as
described herein may be used in drug delivery systems that include a drug
delivery apparatus including at least one pump and at least one reservoir.
The drug delivery apparatus may preferably be implantable within the body
of the patient. It may be preferred that the pump be an implantable pump

and the reservoir be an implantable reservoir.

The present invention may also include a method of infusing a drug to
multiple internal body locations by delivering a drug from a reservoir to a
first infusion section and a second infusion section of a catheter through a
lumen, wherein the catheter includes an elongated body comprising a
proximal end and a distal end. The first infusion section and the second
infusion section are located along the elongated body, with the second
infusion section being located between the proximal end of the elongated
body and the first infusion section. The first infusion section and the second
infusion section may be spaced apart from each other along the elongated
body by an axial distance of 20 mm or more. The method may further
involve passing the drug out of the lumen through the one or more openings
in the first infusion section and passing the drug out of the lumen through

the one or more openings in the second infusion section.

In still other embodiments, the present invention may provide a drug
delivery catheter having an elongated body with a proximal end and a distal
end. A first Jumen may extend from the proximal end of the body to a first
infusion section located along the elongated body which may include one or
more openings in the first lumen. The catheter may also include a second
lumen extending from the proximal end of the body to a second infusion
section that is located along the elongated body and that is spaced apart
from the first infusion section along the body by an axial distance of 20 mm

6
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or more. The second infusion section may preferably be located along the
elongated body between the proximal end of the elongated body and the first
infusion section. The second infusion section may also include one or more

openings in the second lumen within the second infusion section.

Spacing between adjacent infusion sections along the length of a drug
delivery catheter including two or more lumens may be characterized in a
variety of manners. As noted above, the infusion sections may preferably be
separated by an axial distance of 20 mm or more. In other embodiments, the
infusion sections may be separated by, e.g., an axial distance of one human
vertebral level or more. In still other embodiments, the infusion sections
may be separated by, e.g., an axial distance of 40 mm or more. In other
embodiments, the infusion sections may be separated by, e.g., an axial

distance that is a whole number multiple of one human vertebral level (e.g.,

40 mm).

In other embodiments, the catheters including multiple lumens, each with at
least one infusion section as described herein may be used in drug delivery
systems that include a drug delivery apparatus including at least one pump
and at least one reservoir. The drug delivery apparatus may preferably be
implantable within the body of the patient. It may be preferred that the

pump be an implantable pump and the reservoir be an implantable reservoir.

The present invention may also preferably provide methods of delivering
one or more drugs to two or more locations within the spinal region of a
patient. Such a method may include delivering a first drug to a first location
within the spinal region of a patient; and delivering a second drug to a
second location within the spinal region of a patient; wherein the first drug
and the second drug are the same or different. Delivery of the first and
second drugs to the first and second locations may be performed
simultaneously or not. Also, the first drug and the second drug may be
delivered through the same catheter or different catheters. In some
instances, the first drug may be delivered through a first lumen in a catheter
and the second drug may be delivered through a second lumen in the same
catheter. The catheters used in such a method may include, e.g., any

7
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suitable catheters among those described herein or other catheters that are

not described herein.

The present invention may also include an implantable drug delivery system
that includes an implantable pump assembly and two or more implantable
reservoirs operably connected to the implantable pump assembly. The
system also preferably includes a catheter connection port adapted to attach
a catheter to the drug delivery system and a reservoir switching valve
assembly between the two or more implantable reservoirs and the catheter
connection port, wherein the two or more implantable reservoirs can be
selectively connected to the catheter connection port. In some
embodiments, the reservoir switching valve assembly may be optional and
in such embodiments, it may be desirable to include a pump assembly that

includes, e.g., two or more pump mechanisms.

Such implantable systems may include, e.g., in various embodiments: a
telemetry module operably connected to control the reservoir switching
valve assembly; an implantable density sensor; a telemetry module operably
connected to the density sensor; means for mixing fluids delivered from at
least two of the two or more reservoirs such that a mixed fluid having a
selected density can be obtained based on, e.g., a density measured by the

density sensor.

In such a system with multiple implanted reservoirs, two reservoirs of the
two or more reservoirs contain different drugs that may, e.g., be in drug
solutions having different densities. In another alternative, two reservoirs of
the two or more reservoirs may contain the same drug in two different drug

solutions having different densities.

Such a system may also incorporate means for modifying the flow rate to
the catheter connection port such as by using an implantable pump assembly
that includes at least one programmable pump mechanism, a flow restrictor,

metering valve, etc.

In a system with multiple implanted reservoirs, it may be preferred to use a

catheter that includes, e.g., a first lumen extending from the proximal end of
8
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the catheter to a first infusion section and a second lumen extending from
the proximal end of the catheter to a second infusion section. Such a system
may also preferably include a lumen switching valve assembly between the
two or more reservoirs and the catheter, wherein the two or more reservoirs
can be selectively connected to one or both of the first lumen and the second

lumen.

In some embodiments, the system may include dedicated relationships
between reservoirs and catheter lumens. For example, the two or more
reservoirs may include a first reservoir connected to the first lumen of the
catheter and a second reservoir connected to the second lumen of the

catheter. Valves may be used to control flow through each of the lumens.

The present invention may also involve methods of delivering one or more
drugs to at least one internal body location using a drug delivery system
implanted in the body of a patient, wherein the drug delivery apparatus
includes an implantable pump assembly, two or more implantable reservoirs
operably connected to the implantable pump assembly, a catheter
connection port adapted to attach a catheter to the drug delivery system, and
a reservoir switching valve assembly between the two or more implantable
reservoirs and the catheter connection port. The method may include, e.g.,
selectively connecting at least one reservoir of the two or more implantable
reservoirs to the catheter connection port; and delivering a drug from at least
one reservoir of the two or more implantable reservoirs to the catheter

connection port using the implantable pump assembly.

In such a method, the reservoir switching valve assembly may be controlled
from a location outside of the body of the patient. The method may involve,
e.g., measuring density of the cerebrospinal fluid of a patient using an

implanted density sensor.

In other variations, the methods may include mixing fluids delivered from at
least two of the two or more reservoirs before delivering the drug. In some
instances, the two reservoirs of the two or more reservoirs contain different

drugs in solutions having the same or different densities. In still other

9
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instances, two reservoirs may contain the same drug in two different drug

solutions having different densities.

In still other potential aspects of the present invention, the catheters and/or
drug delivery systems may be used in methods of adjusting the density of a
drug solution to be delivered to an internal body location of a patient. Such
methods may involve, e.g., determining a selected density for the drug
solution; formulating the drug solution from two or more components to
obtain the selected density for the drug solution, and infusing the drug
solution to an internal body location at a continuous rate of no more than 50
milliliters (ml) per hour for a period of five minutes or more. In variations
on this method, the maximum infusion rate may be, e.g., no more than 25 ml
per hour, no more than 10 ml per hour, no more than 5 ml per hour, or even
potentially no more than 2 ml per hour. Variations may also be found in the
time period over which the infusion is performed. The period of infusion
may alternatively be, e.g., 10 minutes or more, one hour or more, eight

hours or more, or even 24 hours or more.

In still other variations on the methods described in the previous paragraph,
the infusing may preferably be performed for a period of at least 8 hours
within a twenty four hour period. Alternatives to this may include, e.g., at
least 12 hours within a twenty four hour period, or even at least 16 hours in

a twenty four hour period.

In another manner of characterizing the invention, the infusion process may
be described in terms of a duty cycle, e.g., where the infusion is performed
for a duty cycle of at least 25% within a given time period, or at least 50%
within a given time, or even at least 75% within a given time period. The
time periods over which the duty cycle is determined may be, e.g., 8 hours

or more, 12 hours or more, 16 hours or more, or even 24 hours or more.

In some methods, determining the selected density involves determining the
density of the cerebrospinal fluid of a patient either in vivo (using a density

sensor located within the cerebrospinal fluid of a patient) or measuring the

10
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density of the cerebrospinal fluid after removing the cerebrospinal fluid

from the patient.

Formulating the drug solution may be performed outside of the body of the
patient or within the body of the patient (using, e.g., some of the systems
described herein). If the drug solution is formulated within the body of the
patient, it may be desirable to obtain the components for the drug solution

from two or more reservoirs implanted within the patient.

Because density variations can have an effect on the efficacy of a treatment
plan, it may be desirable to obtain feedback regarding efficacy of the drug
solution after delivering the drug solution to the patient. The method may
then involve adjusting the density of the drug solution based on the
feedback. The feedback may be provided by, e.g., the patient, doctors,

nurses, other caregivers, sensors, etc.

In another method of adjusting the density of a drug solution, the present
invention may involve determining a selected density for the drug solution;
and controlling the temperature of the drug solution to increase or decrease
the density of the drug solution to reach the selected density. As discussed
above, determining the selected density may involve determining the density
of the cerebrospinal fluid of a patient either in vivo (using a density sensor
located within the cerebrospinal fluid of a patient) or measuring the density
of the cerebrospinal fluid after removing the cerebrospinal fluid from the

patient.

To take advantage of the use of drug solution density, it may be
advantageous to employ a drug delivery system that includes a drug delivery
apparatus with a pump assembly and two or more reservoirs operably
connected to the pump assembly. The system may further include a catheter
connection port adapted to attach a catheter to the drug delivery system and
means for mixing fluids from at least two reservoirs of the two or more

reservoirs at or before delivering the fluids to the catheter connection port.

11
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Such a system designed to deliver drug solutions with selected densities
may include, e.g., an implantable density sensor operably connected to the

drug delivery apparatus.

In a system designed to supply drug solutions with selected densities, two
reservoirs of the two or more reservoirs may preferably contain different

fluids. The different fluids may, e.g., have different densities.

In one embodiment, a first reservoir of the two or more reservoirs may
contain a first fluid with a low density, a second reservoir of the two or more
reservoirs may contain a second fluid with an intermediate density, and a
third reservoir may contain a third fluid with a high density (where the low,
intermediate and high densities are relative to each other only). The second
fluid may include the drug to be delivered such that addition of the first fluid
lowers the density of the drug solution or addition of the third fluid
increases the density of the drug solution. In some systems, the first fluid

and the third fluid may be substantially free of the drug.

In another variation, at least two fluids of the first fluid, the second fluid,
and the third fluid may include the same drug. In still another variation, two
reservoirs of the two or more reservoirs may contain the same drug in two

different drug solutions having different densities.

Density control systems may also include a thermal control device for
controlling the temperature of the drug (in addition to controlling density

through selective mixing of fluids having different densities).

It may be preferred that the pump assembly be an implantable pump
assembly, and that the two or more reservoirs be implantable reservoirs
operably connected to the implantable pump assembly, and further wherein

the means for mixing is implantable means for mixing.

In another aspect, the present invention may provide a drug delivery system
that includes a drug delivery apparatus having a pump assembly, one or
more reservoirs operably connected to the pump assembly, and a catheter

connection port adapted to attach a catheter to the drug delivery system.

12
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The system also includes a thermal control device for controlling the

temperature of the drug delivered to the patient.

The thermal control device may, e.g., control the temperature of the drug
before the drug is delivered to the catheter connection port. Alternatively,
the thermal control device may control the temperature of the drug after the
drug passes through the catheter connection port. The thermal control
device may be located within a catheter connected to the catheter connection
port. Such a system may also include an implantable density sensor
operably connected to the drug delivery apparatus. The density sensor may
be operably connected to the drug delivery apparatus, whereby a fluid
having a selected temperature can be obtained based on a density measured

by the density sensor. Such a system may preferably be implantable.

These and other features and advantages of the systems and methods of the
present invention may be described below in connection with some

illustrative examples of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic diagram of one drug delivery system implanted

within the body of a patient and infusing drug into the brain.

FIG. 1B is a schematic diagram of one implanted drug delivery system for

infusing drug directly to the spinal region.

FIG. 1C is a schematic diagram of one implanted drug delivery system for

infusing drug directly to the peripheral nervous system.

FIG. 2 depicts an enlarged view of a drug delivery system similar to that

depicted in , e.g., FIG. 1B.

FIG. 3 depicts the distal end of the catheter of FIG. 2 infusing drug into the

spinal region.

13
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FIG. 4 is an enlarged cross-sectional view of one example of an infusion
section including multiple infusion openings in a catheter used in connection

with the present invention.

FIG. 5 is an enlarged cross-sectional view of another example of an infusion
section including a permeable membrane in a catheter used in connection

with the present invention.

FIG. 6 depicts a catheter including two infusion sections spaced apart along

the axial length of the catheter.

FIG. 7 depicts another drug infusion system according to the present

invention including a catheter with two lumens and two pump mechanisms.

FIG. 8 is a schematic diagram of another drug delivery system according to
the present invention including multiple reservoirs for mixing drug solutions

with selected densities or other properties.

FIG. 9 is a schematic diagram of another drug delivery system including
thermal control devices for controlling the temperature of the drugs

delivered to the patient.

FIG. 10 is a schematic diagram of another drug delivery system according to

the present invention incorporating a variety of optional components.

FIG. 11 is a schematic diagram of another drug delivery system according to

the present invention incorporating a lumen switching valve assembly.

FIG. 12 depicts a catheter according to the present invention including a

fork and two branches extending therefrom.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE

INVENTION

In the following detailed description of illustrative embodiments of the
invention, reference is made to the accompanying figures of the drawing

which form a part hereof, and in which are shown, by way of illustration,

14
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specific embodiments in which the invention may be practiced. It is to be
understood that other embodiments may be utilized and structural changes

may be made without departing from the scope of the present invention.

The present invention relates to the delivery of drugs. For the purposes of
the present invention, the term "drug" means any pharmacological or
therapeutic agent or combination of agents delivered to provide therapy to a
patient (human or non-human animals). The drugs will typically be liquids
or materials contained in liquid carriers as either solutions or mixtures
(although where used herein, the term "solution" refers to both solutions and

mixtures).

Furthermore, although in many instances, the catheters, drug delivery
systems, methods and other aspects of the invention may be useful in
connection with delivery of one or more drugs to the spinal region, it should
be understood that the present invention may find use in connection with
delivery of one or more drugs to other internal body locations as well,
including, but not limited to, the brain or any other suitable anatomical

location.

As used herein, the term "spinal region” includes the spinal canal (including
the spinal cord, intrathecal space, dura, epidural space, etc.), vertebra, spinal
discs, nerve roots, and the ligaments, tendons and muscles in between and

surrounding the vertebra.

Exemplary embodiments of some drug delivery systems for infusing drugs
are depicted in FIGS. 1A, 1B, and 1C. FIG. 1A is a schematic diagram of a
drug delivery system for infusing drug to the brain, FIG. 1B is a schematic
diagram of a drug delivery system for infusing drug to the spinal region, and
FIG. 1C is a schematic depiction of a drug delivery system for infusing drug

to the peripheral nervous system.

The drug delivery systems depicted in FIGS. 1A and 1B includes a drug
infusion pump assembly 10A/10B and catheter 20A/20B having a proximal
end 22A/22B attached to the pump assembly and distal end 24A/24B

implanted within the patient. The distal end 24A is implanted within the
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brain of the patient, while the distal end 24B is implanted within the spinal

column 30 of the patient.

FIG. 1C depicts only a portion of the drug delivery system, namely the
portion of catheter 20C including its distal end 24B, which is implanted to
infuse drugs to the peripheral nervous system. The depicted infusion site in
the arm is provided as exemplary only, with the systems of the present

invention capable of infusing drugs to any internal body location.

Furthermore, although the systems of FIGS. 1A, 1B, and 1C are depicted
infusing drugs into only one area, e.g., brain, spinal region or peripheral
nervous system, it should be understood that a single system could infuse
one or more drugs to one or more locations in any one or more of the brain,
spinal region and/or peripheral nervous system. Also, although depicted in
connection with a human body, it should be understood that the drug
delivery systems of the present invention could also be used on non-human

animals.

The pump assembly 10 may preferably be surgically implanted
subcutaneously in the pectoral or abdominal region of the subject’s body.
The pump assembly 10 may be any suitable mechanism capable of
delivering one or more drugs to a patient. The pump assembly 10 preferably
includes a pumping mechanism, at least one reservoir containing the drug to
be delivered, and a power supply to operate the pump assembly 10 such that
the drug is delivered to the patient at a selected rate. Examples of some
suitable pumps may include, e.g., commercially available implantable
infusion pumps such as, for example, the SYNCHROMED EL pumps,
Models 8626 and 8627, manufactured by Medtronic, Inc., Minneapolis,
Minnesota. It should be understood that some pumps used in connection

with the present invention may not require a separate power supply.

While an implantable pump assembly 10 is depicted, it should be
understood to those skilled in the art that the device used to deliver drug to
the catheter may be either implanted or extracorporeal. As used herein, the

term "implantable” means that the system, apparatus or device is adapted for
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implantation in the body of subject where it is located at least

subcutaneously.

One exemplary structure of a pump assembly 10 and catheter 20 may be
understood by reference to FIG. 2, which depicts one embodiment of the
system with a portion of the catheter 20 shown in an enlarged half section.
The size of the catheter 20 is exaggerated for ease of illustration of the
structure thereof and the full length of the catheter 20 is not shown for
simplicity of illustration. The proximal end 22 of the catheter 20 is coupled
to the pump connector 12. The connection between the catheter 20 and the
pump connector 12 is shown schematically in FIG. 2. It should be
understood that the actual type of connection between the pump connector
12 and the catheter 20 will vary depending upon the particular type of pump

assembly 10 utilized.

The catheter 20 includes an elongated tubular portion 23 that preferably
extends from the proximal end 22 to the distal end 24. The catheter 20
depicted in FIG. 2 includes a lumen 26 that terminates at opening 28 at the
distal end 24. Drug delivered from the pump assembly 10 to the catheter 20

passes through lumen 26 and exits the catheter through opening 28.

When implanted for delivering drugs to, e.g., the spinal region, it may be
preferred that at least a portion of the catheter 20 be located within the CSF
of the patient such that as drug exits the catheter 20 it enters directly into the
CSF. By "directly," it is meant that the drug preferably does not contact
other tissues or bodily fluids before reaching the CSF of the patient.

The body of catheter 20 may preferably be constructed of any suitable
material, e.g., an elastomeric tube. If used in the spinal canal, the catheter
20 may be floating free in the CSF and may contact the spinal cord. As a
result, in such an application the catheter 20 may preferably be soft and
flexible to limit any chance of damaging the spinal cord. Examples of some
suitable materials include, but are not limited to, silicone rubber (e.g.,
polydimethyl siloxane) or polyurethane, both of which can provide good

mechanical properties and are very flexible. Suitable materials for the
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catheter 20 are also preferably chemically inert such that they will not

interact with drugs or body tissue or body fluids over a long time period.

In some embodiments, the catheter may preferably be sized to fit in the gap
between the spinal cord 32 and the dura 36 (see, e.g., FIG. 3). The inside
diameter, e.g., the diameter of the lumen 26, is preferably large enough to
accommodate expected infusion rates with acceptable flow resistance. The
wall 21 of the catheter 20 is preferably thick enough to withstand normal
handling during the implant procedure and forces from body tissues during
normal motion. As an example, the catheter 20 may have an outside
diameter of 1.25 millimeters (mm) and an inside diameter of 0.5 mm, with a
wall thickness of 0.375 mm. The catheter 20 may be, e.g., 50 centimeters
(cm) long to reach from, e.g., a drug infusion pump implanted in the

patient’s abdomen to the spine.

FIG. 3 depicts catheter 20 positioned within a schematic representation of a
spinal canal 30. The spinal canal 30 includes the spinal column 32 which
terminates at the cauda equina 34. Also depicted is the dura 36 which
contains the cerebrospinal fluid (CSF) that surrounds the spinal column 32.
The catheter 20 is positioned such that the distal end 24 of the catheter 20 is

located within the volume occupied by the CSF.

In the embodiment depicted in FIGS. 2 & 3, the catheter 20 includes only
one opening 28 at the distal end 24 of the catheter 20. As a result, drugs
delivered to the CSF through catheter 20 will exit through the opening 28 in
the distal end 24 of the catheter 20. If the density of the drug so delivered is
lighter than the CSF into which the drug is delivered, then the drug may
form a plume 40 as seen in FIG. 3 in which the drug rises from the delivery

point.

Many alternatives may be provided for the structure through which the drug
passes out of the catheter. The catheter 20 including an opening 28 at its
distal end 24 is only one example. FIG. 4 depicts a section of one
alternative design in which the catheter 120 includes multiple openings 128

formed through the wall of the catheter 120 within an infusion section 127.
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As drug moves through the lumen of the catheter 120, it exits through the
openings 128. In such an embodiment, it may be preferred that the distal
end of the catheter 120 be closed such that the drug exits through openings
128 in the catheter wall. The size and spacing of the openings 128 may vary
depending on a variety of factors such as, e.g., viscosity of the drug being

delivered, desired delivery rate, etc.

The axial length of the infusion section 127 (as measured along an axis
extending from the proximal to the distal end of the catheter) may be
selected based on a variety of factors. For example, to control pain, the pain
signals can be blocked by appropriate analgesic drugs in the dorsal nerve
roots or in the spinal cord. Nerve roots do not have a single junction with
nerve cells in the spinal cord, but split into many branches in both
directions. To block a substantial number of pain signals, the drug may
preferably be delivered over several vertebral levels above and below the
affected nerve root. As an example, the infusion section may be constructed
to cover three vertebral levels, e.g., the affected nerve root entry level and
one vertebral level above and below. Each vertebral segment in a human
adult is approximately 40 mm long, and, as a result, the infusion section

could be, e.g., 80 mm long.

The length of infusion section 127 over which the openings 128 are
dispersed may, in some embodiments, preferably have a limited axial length
of, e.g., 320 millimeters (mm) or less, in some instances 160 mm or less, or
even 120 mm or less. At the lower end of the range, it may be preferred that
the infusion section 127 have an axial length of 20 mm or more, possibly 40

mim Or more.

FIG. 5 depicts another potential construction for the infusion section 227 of
a catheter 220 in an enlarged cross-sectional view. The depicted infusion
section 227 includes openings 228 formed in the lumen 226, e.g., through
the wall 221 of the catheter 220. The distal end 224 of the catheter 220 may

preferably include a plug 229 or be closed in some other manner.

19



WO 2004/058334 PCT/US2003/041227

[87]

[88]

[89]

[90]

[91]

Unlike catheter 120 depicted in FIG. 4, infusion section 227 of catheter 220
includes a permeable membrane 225 through which any drugs passing out
of catheter 220 must pass. The permeable membrane 225 may be provided
as seen in FIG. 5, e.g., as a hollow tube located within lumen 226 of the
catheter 220 that is positioned to cover openings 228 such that any drug
must pass through the permeable membrane before passing through
openings 228.  Alternative constructions could include a permeable
membrane over the outside of the catheter or plugs of a permeable

membrane located within the openings themselves.

In the depicted configuration, the tubing of the catheter 220 may preferably
provide mechanical support for the permeable membrane 225 and may also
preferably provide protection from damage for the permeable membrane
225. |

The permeable membrane 225 may preferably be provided in the form of a
hollow fiber similar to those used in, e.g., blood oxygenators or kidney
dialysis systems. Hollow fiber permeable membranes may be made from a
number of different materials that preferably do not chemically interact with
the drugs to be delivered and are biocompatible, e.g., polyurethane, silicone

rubber, polyimide, polyethylene, polysulfone, or polyethersulfone.

In the depicted embodiment, the outside diameter of the hollow fiber
permeable membrane 225 may be the same as the inside diameter of the
catheter lumen 226 such that the permeable membrane 225 may be retained
in the selected location by friction. Alternatively, the permeable membrane
225 may be held in place by any other suitable technique or techniques, e.g.,
adhesives, thermal welding, chemical welding, etc. Furthermore, although
the depicted permeable membrane 225 is provided in the form of a hollow
fiber, the permeable membrane 225 may be provided in any other suitable

form, e.g., a plug occupying the lumen 226, sheet, etc.

The openings 228 within the infusion section may be arranged in any
desired manner, e.g., linearly along the axis of the catheter 220, in a spiral

around the axis, a series of circumferential circles, etc. Locating the
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openings 228 on one side of the catheter 220 may be beneficial in, e.g.,
distributing the drug as described herein. As one example, the infusion
openings may be, e.g., 0.05 mm in diameter, with, e.g., ten to twenty holes

distributed over the infusion section 227.

[92] As compared to spinal catheters with one or multiple infusion openings as
depicted in FIGS. 2 and 4, a spinal catheter 220 having a permeable
membrane 225 may offer a number of potential advantages. For example, if
the pump used to deliver drug through a catheter having an infusion section
with multiple holes and no permeable membrane is programmed to deliver
the drug at a low rate (e.g., 0.5 milliliters (ml) per day), the drug may exit
only through a single infusion opening, typically the opening that is closest
to the pump. This may occur because the infusion openings are so large that
no back pressure is built up in the catheter at the low infusion rates to force

the infusate to reach all of the holes.

[93] If, however, a permeable membrane 225 with sufficiently small pore sizes is
used, a back pressure of drug may be built up in the catheter lumen 226 that
is large enough to distribute the drug over the entire length of the infusion
section 227 such that the drug passes through all of the openings 228 in the

infusion section 227.

[94] In one manner of characterizing some catheters of the present invention, the
openings 228 and the permeable membrane 225 covering them within the
infusion section 227 may preferably create a back pressure in the lumen 226
such that the drug exits the permeable membrane 225 through all of the
openings 228 in the infusion section 227 when a drug is delivered to the
infusion section through the lumen 226 at a continuous rate of 1 milliliter

per hour or less.

[95] In another manner of characterizing some catheters of the present invention,
the openings 228 and the permeable membrane 225 covering them within
the infusion section 227 may preferably create a back pressure 300 pascals
or more in the lumen when the drug is delivered to the infusion section

through the lumen at a continuous rate of 2 microliters per hour. Even at

21



WO 2004/058334 PCT/US2003/041227

[96]

[97]

[98]

such a low back pressure, the permeable membrane 225 may preferably
cause the drug to pas through all of the openings within the infusion section

227 to enhance uniform delivery of the drug over the infusion section 227.

The permeable membrane (whether in the form of a hollow fiber or some
other shape) may be provided with a variety of pore sizes. The membrane
pore size may be characterized in terms of Molecular Weight Cutoff
(MWCO), typically the largest size molecule that will pass through the
membrane. More specifically, MWCO of a permeable membrane refers to a
membrane through which 90% of a substance having a particular molecular
weight can pass under certain test conditions. That is, a membrane through
which 90% of a permeate having a molecular weight of 80 kDa passes
would be determined to have a MWCO of 80 kDa. Permeates useful for
determining molecular weight cutoff include dextran T-fractions and
albumin. The amount of permeate that passes through a membrane may be
determined by comparing HPLC data regarding a solution containing the
permeate before being applied to the membrane and after passing the
membrane. HPLC analysis is useful because a calibration curve of elution
time versus molecular mass may be produced. Thus, the amount and
molecular weight of permeate passing through the membrane may be
determined by comparison to the calibration curve. This method of
measurement is typically used by filter manufacturers for filter pore sizes
smaller than 0.1 micrometer (um). In connection with the present invention,
it has been found experimentally that a permeable membrane with a
molecular weight cutoff of 80,000 Daltons or less may preferably be used to

achieve the desired infusion characteristics.

When characterized in terms of back pressure developed within the lumen, it
may be preferred that the back pressures and/or flow rates are for drug
solutions that may preferably have, e.g., a viscosity of water or higher at,
e.g., basal body temperatures or the temperatures at which the drug solutions

are delivered.

In addition to generating the desired back pressure, permeable membranes
with these pore sizes may preferably cause the drug exiting the catheter to
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form droplets that may preferably be small enough to be rapidly diluted into,
e.g., CSF and form a diffuse cloud at the infusion site. Suitable hollow fiber
permeable membranes may be obtained from, e.g., Minntech Corporation
(Minneapolis, Minnesota), Spectrum Laboratories, Inc. (Rancho

Dominguez, California), Membrana GmbH (Wuppertal, Germany), etc.

One method of manufacturing a catheter 220 with an infusion section 227
including a hollow fiber permeable membrane 225 as seen in, e.g., FIG. 5
may involve inserting the hollow fiber permeable membrane 225 in the
lumen 226 of the catheter 220 and retaining the membrane 225 in position
with friction. In one method of providing a friction fit, the hollow fiber 225
may have an outside diameter that is slightly larger than the inside diameter
of the lumen 226, e.g., the hollow fiber 225 may have an outside diameter of
0.6 mm to fit inside a lumen with an inside diameter of 0.5 mm. If the
catheter 220 is manufactured of, e.g., silicone, polyurethane, etc., the lumen
226 may be temporarily swelled by soaking in, e.g., ethyl alcohol. While
the lumen 226 is swollen, the hollow fiber 225 may be placed in the lumen
226. As the alcohol evaporates out of the tubing used for catheter 220, the
tubing will shrink to its original dimensions, preferably holding the hollow

fiber permeable membrane 225 in position by frictional forces.

Another optional feature that may be provided in connection with the
present invention is depicted in the cross-sectional view of FIG. 6. The
catheter 320 includes two separate infusion sections 327a and 327b
(collectively referred to herein as "infusion sections 327") spaced apart from
each other along the axial length of the catheter 320. As discussed herein,
the spacing between separate infusion sections is measured between the
ends of the infusion sections 327a and 327b. In the case of infusion sections
that include openings such as depicted in FIG. 6, the ends of the infusion
sections are determined by the openings 328 in the two different infusion
sections. For example, the spacing of the infusion sections 327a and 327b
in FIG. 6 would be determined by the lowermost opening 328 in infusion

section 327a and the uppermost opening 328 in infusion section 327b. It
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may be preferred that the lumen is impermeable to liquids between any

successive pair of infusion sections such as infusion sections 327.

It should be noted that catheters according to the present invention that
include two or more infusion sections may preferably include at least two
such infusion sections, e.g., infusion sections 327, along one axial length of
an elongate body as seen in FIG. 6 such that at least one infusion section is
located between another infusion section and the proximal end of the body
on which the infusion sections are located. This is in contrast to, e.g.,
previously known branched catheters in which each branch contains one
infusion section, such that any one of the axial lengths defined by such a
catheter includes only one infusion section (see, e.g., International
Publication No. WO 02/07810 A2 (Elsberry et al.)) with no infusion
sections located between the proximal end of the catheter and another

infusion section.

The axial distance between the different infusion sections 327 may be
selected based on a variety of factors such as, e.g., the distance between
anatomical features to which a drug is to be delivered. For example, it may
be preferred that the infusion sections 327 be separated by the distance of
one human vertebral segment (e.g., 40 mm) or more. In some instances, it
may be preferred that the infusion sections be spaced apart from each other
by an axial distance that is a whole number multiple of one average human

vertebral level (e.g., 40 mm).

Each of the infusion sections 327 may preferably include a permeable
membrane 325 and one or more infusion openings 328. Because the
infusion sections 327 are displaced from each other, it may be preferred to
use separate permeable membranes 325 in each of the infusion sections 327.
The separate permeable membranes 325 may have the same or different
physical properties (e.g., MWCO values, materials, etc.) In some instances,
however, a single unitary permeable membrane may extend between
different infusion sections 327. Also, although FIG. 6 depicts only two

infusion sections 327, it will be understood that catheters of the present
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invention may include more than two separate infusion sections, e.g., three

or more infusion sections.

As for one potential use for a catheter having more than one infusion
section, a patient may have chronic pain symptoms from more than one
cause or in more than one location. For such a patient, it may be desirable
to deliver analgesic drugs in more than one location along the spinal cord to
reach all appropriate synapses. For example, one infusion section could be
located proximate the spinal cord at a higher vertebral level, so that the drug

will preferably diffuse to the dorsal horn.

Still another drug delivery system that may be used in connection with the
present invention is depicted in FIG. 7. The catheter 420 (depicted in cross-
section) includes two infusion sections 427a and 427b (collectively referred
to herein as "infusion sections 427"). Unlike catheter 320 of FIG. 6 in
which a single lumen services both infusion sections 327, however, each of
the infusions sections 427 of catheter 420 is serviced by a separate lumen
426a or 426b.

Even though serviced by separate lumens 426a and 426b, however, the
infusion sections 427 can still be characterized as including one section
427b that is located between the proximal end of the catheter 420 (i.e., the
end attached to pump assembly 410) and the other infusion section 427b
along the axial length of the body of the catheter 420.

In such an embodiment, the catheter 420 may be used to, e.g., deliver two
different drugs to different locations along the length of the catheter 420
(the different locations being identified by the location of the different
infusion sections 427). Alternatively, the catheter 420 may be used to
deliver the same drug to two different locations at different times and/or for
different periods of time. It will be understood that although only two
lumens and infusion sections are depicted, devices and methods of the
present invention may involve catheters with three or more lumens, three or

more infusion sections and associated and pump assemblies.
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Also, although two infusion sections 427 and two lumens 426a and 426b are
depicted in connection with the embodiment of FIG. 7, it will be understood
that catheters of the present invention may include more than two infusion
sections and/or more than two lumens to service the different infusion
sections. Although not depicted, for example, one (or both) of the infusion
sections 427 could be serviced by two or more separate lumens such that
two or more different drugs could be delivered by the same infusion section
at the same or different times. For example, infusion section 427a could be
serviced by two lumens in place of the single lumen 426a depicted in FIG.
7.

A schematic diagram of one pump assembly 410 that may be used in
connection with a catheter 420 is seen in FIG. 7. The pump assembly 410
may include, e.g., multiple pump mechanisms 410a and 410b that are,
respectively, preferably connected to lumens 426a and 426b. Such a system
may be useful if the two different pump mechanisms 410a and 410b are to
be operated independent of each other. In some other systems, it may be
sufficient to provide a single pump mechanism including two or more
reservoirs with different drug solutions. In such a system, the reservoirs
may be dedicated to a particular lumen or a switching valve assembly may
be used to deliver drug solution from either reservoir to either or both of the

lumens 426a and 426b as desired.

Among the methods of the present invention, it may be beneficial to exploit
the natoral tendencies of liquids to move relative to each other in response
to gravitational and other forces. For example, because humans sit and
stand in an upright position when awake, drugs delivered to the CSF may
rise or fall in the spinal canal due to buoyancy. Buoyant forces may move
the drug more rapidly than diffusion processes cause the drug to spread
radially. Drugs that are more dense than CSF may tend to fall (i.e., move
towards the cauda equina) and drugs that are less dense than CSF will rise
(towards, e.g., the brain). Density of fluids may be described in terms of
baricity. Drugs (or solutions carrying the drugs) may be described relative

to the CSF of a patient as being hypobaric (e.g., less dense than CSF and,
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therefore, tending to rise in CSF) or hyperbaric (e.g., more dense than CSF
and, therefore, tending to fall in CSF). The drug may also be described as
isobaric (e.g., have neutral baricity, i.e., the same density as CSF) and,

therefore, neither tending to rise or fall within the CSF.

Thus, if a patient is not responding to a particular therapy because a catheter
is delivering a drug to a location that is too high in the spinal column, a drug
solution having an increased density may be introduced to allow the drug to
drop to a level of the spinal column where the drug may be more effective in
treating the patient. If a patient is not responding to a particular therapy
because a catheter is placed too low in the spinal column, a drug solution
having decreased density may be introduced to allow the drug to rise to a
level of the spinal column where the drug may be more effective in treating
the patient. The catheter may also be repositioned to more effectively

deliver the drug to a more desired region of the spinal cord.

If it is desired to have a drug reach a selected region of a spinal cord in
roughly proportional concentrations across the particular region, it may be
desirable to infuse the drug through a permeable membrane such that the
drug may readily mix with CSF and diffuse throughout the particular region

in roughly equal concentrations.

In some methods according to the present invention, the density of the drug
solution may be adjusted before the drug solution is delivered to the pump
apparatus. In such a system the density of the patient’s CSF may be known
(within a range of biologically expected values) or the actual density of the
CSF may be determined by, e.g., drawing a sample and determining the
density of the sample. The density of the drug solution may be adjusted
relative to the expected or measured density of the CSF and a drug solution
with a selected density can be supplied in the pump apparatus for delivery to
the CSF by infusion.

In a variation on the above example, a system may be supplied that includes
the same drug in two or more different solutions that have different densities

relative to the density of the CSF. Referring to, e.g., FIG. 7, the two pump
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mechanisms 410a and 410b may be loaded with the same drug in solutions
having two different densities. As a result, the same drug may be delivered
to the CSF with different densities based on, e.g., the measured density of
the patient’s CSF, a desired distribution profile, etc. The different drug
solutions may be delivered to either of the infusion sections 427a and/or

427b as desired.

In one variation on this method, different drug solutions with same or
different densities may also be supplied in the reservoirs of each of the
different pump mechanisms 410a and 410b. For example, it may be
desirable to use more than one analgesic drug to treat multiple types of pain.
For example, nociceptive pain, caused by stimulation of neurosensors, will
typically respond to an opioid such as morphine, but neuropathic pain
caused by damage to nerve cells will typically respond better to a local
anesthetic such as BUPIVACAINE. One method of combining more than
one drug is to simply mix them in the reservoir of an implantable drug pump

and infuse the mixture through a catheter.

In some cases, however, it may be preferred to deliver the different drugs
separately to different locations. The system of FIG. 7 may be used to
accomplish this method because catheter 420 has two separate lumens 426a
and 426b and separate infusion sections 427a and 427b at different locations
on the catheter 420. For example, BUPIVACAINE could be infused
through the first lumen 426a such that it is infused proximate the lumbar
nerve roots. A second drug, e.g. morphine, may be infused through the
second lumen 426b at, e.g., a location proximate the spinal cord at a higher
vertebral level, so that the drug will preferably diffuse to the dorsal horn the

dorsal horn which is at a higher, thoracic level in the spinal canal.

Although it may be beneficial to use a system in which one or more drug
solutions are formulated outside of the patient to have a selected density, it
may be beneficial to mix or formulate drug solutions having selected
densities on-board the pump assembly. By mixing the drug solutions on-

board the pump assembly (which may preferably be implanted in the body
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of the patient), a level of control may be achieved that is not possible in

known systems.

One exemplary pump assembly 510 that may be used in connection with the
present invention to take advantage of the buoyant forces to achieve some
desired drug distribution profile is depicted in FIG. 8 (as a schematic block
diagram for simplicity). The pump apparatus 510 includes a connector 512
for connection to a catheter 520. The catheter 520 may preferably include
one or more lumens that each feed one or more infusion sections 527a and

527b as discussed herein.

The depicted pump apparatus 510 includes multiple reservoirs 514, 515,
516, 517, and 518. The reservoirs 514, 515, 516, 517, and 518 may contain
the same fluids or different fluids, although it may be preferred that at least
one of the reservoirs contain at least one drug for delivery to the patient.
The other reservoirs may contain fluids that are designed to allow the user to
manipulate the density of the drug solution delivered through the catheter.
For example, reservoir 515 may contain a hypobaric liquid (e.g., water),
reservoir 516 may contain a hyperbaric liquid (e.g., glucose solution), and
reservoir 517 may contain a neutral liquid (e.g., saline). When combined
with, e.g., a first drug in reservoir 514 in various fractions, the density of the
drug solution delivered through the catheter 520 can be adjusted to achieve a
desired density or baricity with respect to the CSF. Similarly, reservoir 518
may include, e.g., a second drug that may also be delivered to the catheter
520 in selected densities. In still other variations, two or more of the
reservoirs may contain the same drug, but in solutions having different

densities.

The depicted pump apparatus 510 includes optional means for mixing 513a
and 513b to mix the various components of the drug solutions before
delivery to the connector 512 and attached catheter 520. The means for
mixing 513a and 513b may be provided in a variety of forms, e.g., as mixing
chambers, mechanical agitators, vibrating components, static mixers, etc,
and combinations thereof. In another alternative, the velocity at which the
components are delivered to, e.g., the means for mixing 513a and 513b, the
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connector 512, and/or the catheter 520 may be increased to enhance mixing.
Furthermore, the means for mixing may be incorporated into the catheter

520 itself.

Each of the reservoirs may also preferably be operably connected to a
refilling port 514p, 515p, 516p, 517p, and 518p such that the different
reservoirs can be refilled. The ports may be located in one common septum
or in different septums at different locations on the body of the pump
apparatus. A variety of techniques may be used to ensure refilling of the
selected reservoir. For example, the ports may accept differently sized or
shaped needles, the ports may be located in known positions and a template

may be placed on the patient’s skin to assist in refilling, etc.

By providing a variety of drugs and liquids as in pump apparatus 510, the
density of the drug solutions delivered to the CSF may be adjusted to, e.g.,
mix a drug solution that is isobaric (i.e., neutral density) with respect to the
CSF, mix a drug solution that is hyperbaric (i.e., less dense) as compared to
the CSF, and mix a drug solution that is hypobaric (i.e., more dense) as
compared to the CSF. Furthermore, the density of the drug solution can be
adjusted during delivery, i.e., it may be changed to adjust to changes in the
density of the CSF and/or to achieve a desired density profile. For example,
a hyperbaric drug solution may be delivered followed by delivery of a
hypobaric drug solution (or vice versa) to deliver drug over a wider region

of the spinal canal.

Where the pump apparatus 510 includes two different drugs, it will be
understood that a similar system could be provided that includes only one
drug. Other variations may be provided in catheter 520 which may include,

e.g., one or more lumens, one or more infusion sections, etc.

One optional feature that is depicted in connection with FIG. 8 is that
catheter 520 may include a density sensor 550 such that the actual density of
the CSF may be measured. Density sensors may be manufactured using,
€.g., microelectromechanical sensor (MEMS) technology in the form of a

beam or float configuration. See, e.g., Costello et al., "Density and
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Viscosity Sensing with Ultrasonic Flexural Plate Waves," Proceedings of
Transducers 93, 7" International Conference on Solid-State Sensors and
Actuators, Yokohama, Japan, June 1993, Institute of Electrical Engineers,
Japan, pp. 704-707. Such devices may be incorporated in the delivery
catheter 520 as depicted or, alternatively, a separate device may be located

in the CSF to measure CSF density.

If the actual density of the CSF is measured, that information can be fed
back into the pump assembly 510 such that the formulation of the drug
solution or solutions can be adjusted to achieve a desired density relative to
the CSF density. Such measurements and/or adjustments may be made
continuously or at different times as desired using, e.g., open loop or closed

loop control systems and methods.

In spite of the density of the drugs as discussed above, drugs may be
delivered to the CSF in a manner that results in essentially neutral buoyancy
even though the drug itself may be hypobaric or hyperbaric with respect to
CSF. For example, if a permeable membrane is used to deliver the drug, the
droplets or particles of drug exiting from the membrane may be so small as
to result in a drug-CSF mixture that has a density close to pure CSF, thus
reducing buoyant forces on the drug. The drug may then remain in the area

of infusion, and diffusion will expand the drug into a cloud radially.

It should also be understood that although buoyant forces may play a role in
drug movement and/or diffusion, the CSF itself is undergoing oscillation
and bulk flow that may sometimes overcome the effects of baricity, e.g.,
causing hyperbaric drugs to rise and/or hypobaric drugs to fall in the spinal

column.

Other factors that may play a role in the diffusion of drugs within the spinal
canal include, e.g., the rate of infusion, drug distribution patterns between
the different compartments of the spinal canal, whether the drugs are
hydrophilic or lipophilic, the temperature of the drug at the time of infusion,

etc.
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With respect to the rate of infusion, low rates of infusion may tend to yield
more equitable drug distribution radially for both hypobaric and hyperbaric
drugs. Faster flow rates may lead to broader drug distribution over more
vertebral segments than slower flow rates. As such, if it is desirable to reach
a variety of levels of a spinal column with drug, the flow rate with which the
drug is delivered may be increased. In such circumstances, it may be
desirable to decrease the concentration of a drug to be delivered. If it is
desired to have a drug localized to a region around a particular level of the
spinal column, the flow rate with which the drug is delivered may be
decreased. In such circumstances it may be desirable to increase the

concentration of the drug within the solution delivered through the catheter.

It may also be desirable to infuse a drug in discrete intervals in which a
bolus of drug is delivered followed by an interval in which little or no drug
is delivered through the catheter (as opposed to a continuous delivery
infusion). Such non-continuous delivery modes may also be useful to

modify the distribution profile of a drug within the spinal column.

In addition, bolus or non-continuous delivery of a drug may provide other
advantages in the management of the body’s response to infusion of a drug.
For example, such a delivery method may be helpful in reducing the
incidence of inflammatory masses at the infusion site. In particular, the
systems and methods of the present invention may be helpful in addressing
this issue because the site at which the drug is delivered may be periodically
changed (using, e.g., multiple infusion sites). In addition, by adjusting the
density of the drug solution, various distribution profiles for the infused
drug may be obtained that could reduce the incidence of inflammatory
masses (e.g., alternating between hypobaric and hyperbaric drug solutions).
Also, using systems that deliver two or more different drugs may also be
used to address the incidence of inflammatory masses by alternating
delivery between the different drugs to ameliorate the inflammatory
response to continuous delivery of the same drug. Still another manner by
which the catheters, systems and methods of the present invention may

reduce inflammatory masses is by reducing drug density in e.g., CSF or
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other fluids, for drugs passed through a permeable membrane during
delivery (which can reduce the size of any one droplet of the drug by the

relatively small pore sizes of the permeable membranes).

As noted above, drug distribution patterns between the different
compartments of the spinal canal may also be considered in connection with
the present invention. In some instances, it may be desirable to place the
infusion section or sections of the catheter in one or more selected locations

in the spinal region.

The spinal canal is, however, not an open channel, but has several structures
that divide the canal into separate channels. The dorsal nerve roots, ventral
nerve roots, dentate ligaments, and septum posticum are typically present
over the length of the spinal cord. They can act as barriers to even
distribution of a drug around the circumference of the spinal cord. As a
result, it may be desirable to locate an infusion section on a catheter in, e.g.,

a dorsal location, ventral location, etc. with respect to, e.g., the spinal cord.

For example, sensory signals, including pain signals, are transmitted into the
spinal cord through the dorsal roots. The first synapse is located in the
dorsal horn. It may be preferred, e.g., to locate an infusion section of a
catheter on the dorsal side of the spinal cord to get the most drug (e.g., an
analgesic drug) into the synapses in the dorsal horn. Motor signals are
transmitted out through the ventral roots. Movement disorders may be
controlled by enhancing the excitatory or inhibitory signals from the brain
before the signals are transmitted to the ventral roots. In this case, it may be
desirable to locate the catheter on the ventral side of the spinal cord and get

the most drug into the ventral synapses.

Catheters of the present invention may, e.g., be inserted into the spinal
region at a level below the end of the spinal cord and then threaded up to the
desired level. The catheters may, however, be very limp, making it difficult
or impossible to steer the catheter into a specific area of the spinal region. A
guidewire may be used to stiffen the catheter during placement. The

guidewire is then typically removed before the catheter is used to infuse
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drugs. The catheters of the present invention may include a guidewire

lumen to receive the guidewire.

The guidewire may preferably have a bent tip so that the catheter and
guidewire can be guided in a specific direction within the spinal region.
Fluoroscopy or X-rays can be used to visualize the catheter during
placement, and the guidewire rotated until the bend forces it to move in the
desired direction. Catheters including guidewire lumens and/or bent tip
guidewires may be described in, e.g., U.S. Patent Nos. 4,811,743 (Stevens);
5,003,989 (Taylor et al.); and 6,512,957 B1 (Witte).

Although the catheters, systems and methods of the present invention may
be useful for infusing drugs to the CSF, there are other neurological
applications where the present invention may be useful. One example would
be to deliver diugs to other areas within the spinal region, for example,
when the site of back pain can be localized to a disc, bone, muscle, or
ligament in the spin, a mixture of a steroid and a local anesthetic can be
delivered to reduce swelling and reduce pain. The infusion sections of
catheters according to the present invention may preferably deliver drug to
the entire structure, rather than delivering drug at a single point and depend

on diffusion and convection to cover the entire area.

Another example would be delivering drugs into the brain. Functional areas
in the brain are three-dimensional structures, not a single point. Clinical
examples include delivering a chemotherapy agent to a tumor and delivering
dopamine to the putamen for treatment of Parkinson’s Disease. In yet
another example, seizure activity in epileptic patients can be localized to a
region in the thalamus or cerebral cortex. An anti-convulsant can be
delivered to this region to terminate a seizure or to prevent further seizure
activity. Again, a catheter with a permeable membrane may provide better

organ coverage than delivering drug at a single point.

Yet another example would be a neurological disorder in a specific limb,
such as an arm or leg. An example would be pain due to neuropathy caused

by diabetes. The pain could be reduced by delivering a local anesthetic (and
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potentially a steroid) to a main trunk of the nerve that has been affected. The
catheter with a permeable membrane could be surgically placed alongside
the nerve, and infuse drug over a length of the nerve. The anesthetic may
preferably cover a larger area of the nerve and be localized to the specific
nerve, rather than deliver the drug at a point and depend on diffusion and
convection to distribute the drug. FIG. 1C depicts a catheter placed next to
a peripheral nerve in the arm. It should be recognized that these are only
examples; other organs and disease states could also benefit from the use of

this catheter.

Another drug distribution factor to consider in connection with the present
invention is whether the drug is hydrophilic or lipophilic. Although not
wishing to be bound by theory, it is theorized that hydrophilic drugs may
have a wider distribution profile than lipophilic drugs. Accordingly, if it is
desirable to reach a variety of levels of a spinal canal with a drug, it may be
desirable to select and/or formulate a drug with hydrophilic properties.
Alternatively, if it is desired to have a drug localized to a region around a
particular level of the spinal cord, a drug having more lipophilic properties

may be selected.

Drug distribution within the spinal canal may also be affected by controlling
the temperature of the drug as delivered to the spinal canal. For example,
heating the drug solution may make that solution more hypobaric (e.g., less
dense) and/or cooling the drug solution may make it hyperbaric (e.g., more
dense). FIG.9 depicts a system in which the pump assembly 610 includes
a thermal control device 660 to adjust the temperature of the drug solution
before delivery to the catheter 620. In addition to or in place of thermal
control device 660, the catheter 620 may include a thermal control device
662. Suitable thermal control devices may be, e.g., electrical resistance

heaters, Peltier devices, etc.

FIG. 10 is a schematic diagram of another drug delivery system according to

the present invention. The system 700 includes a pump assembly 710

(preferably implantable), catheter connection port 712, and two reservoirs

714 and 715 (preferably implantable). The reservoirs 714 and 715 are
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connected to the pump assembly 710 through a reservoir switching valve
assembly 770 that is capable of selectively connecting the reservoirs 714

and 715 to the port 712.

Also depicted in FIG. 10 is a controller 702 for operating one or more
components of the system 700. The controller 702 may be, e.g., a
microprocessor or other control device. The controller 702 is depicted as
being operably connected to the pump assembly 710, reservoir switching
valve assembly 770, an external density sensor 750, an internal density
sensor 752, and a telemetry module 780. The controller 702 may be used to
adjust the pump assembly 710 to, e.g., obtain a desired flow rate, back
pressure, etc. In such a capacity, the pump assembly 710 and controller 702
may operate as a programmable pump assembly. Although controller 702 is
depicted as a separate component, it will be understood that it could be
incorporated into one or more of the components in the depicted system 700
(e.g., the pump assembly 710, etc.). Also, although pump assembly 710 is
depicted as a single component, it will be understood that pump assembly
710 could include one, two, three, or more pump mechanisms that may be

operated independently of each other.

The optional telemetry module 780 may be operatively connected to the
controller 702 to provide for communication between one or more of the
components in system 700 and a user, external programming device, etc.
Telemetry control devices, systems and methods that may be used in
connection with the present invention may be described in, e.g., U.S. Patent
Nos. 5,558,640 (Pfeiler et al.); 5,820,589 (Torgerson et al.); and 5,999,857
(Weijand et al.). Although telemetry module 780 is depicted as being
connected to the controller 702, it will be understood that the telemetry
module 780 may alternatively be connected directly to one or more of the
components, e.g., the pump 710, mixing means 713, density sensors
750/752, reservoir switching valve assembly 770, etc. The telemetry control

module 780 may provide for one-way or two-way communication.

An optional external density sensor 750 is depicted in connection with FIG.
10 as operably connected to the controller 702 of drug delivery system 700.
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The external density sensor 750 may preferably be implantable and may be
used in a control loop to, e.g., provide density information such that a
reservoir from which a drug is to be delivered can be selected. If implanted,
it may be preferred that the external density sensor 750 be located within the
fluid into which the drug or drugs are to be delivered, e.g., the CSF of a

patient.

An optional internal density sensor 752 is also depicted in connection with
FIG. 10 and may be used to, e.g., sense the density of the drug solution as
delivered to the catheter connection port 712. Such an internal density
sensor 752 may be used in, e.g., a closed loop control system in which, e.g.,
the density of the CSF of the patient is determined and a selected density for
the drug solution to be delivered to the patient is determined. The drug
solution can then be formulated from, e.g., the fluids in reservoirs 714 and
715. Before the drug solution is delivered to the patient, however, its actual
density can be measured using internal density sensor 752 such that
adjustments can be made (if needed) to provide a drug solution with the
desired density. Such a method/system may be described as a closed loop

control system/method.

Alternatively, the system may be operated in an open loop configuration. In
one embodiment, the external density sensor 750 may be provided to
determine the density of, e.g., the CSF and provide that information to
controller 702 which can then adjust the density of the drug solution using,
e.g., reservoir switching valve assembly 770. In such an open-loop
system/method, an internal density sensor 752 may not be provided, with
the density of the drug solution being calculated on, e.g., known or expected

values of the different components in reservoirs 714 and 715.

~ In another embodiment of an open-loop control system/method, only an

internal density sensor 752 may be provided such that the actval density of
the drug solution delivered to the catheter connection port 712 can be

measured and adjusted based on a desired density.
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Still other embodiments of open-loop control systems and methods may be

envisioned in connection with the present invention.

The system 700 may also preferably include means for mixing 713 if it is
desired to mix the fluids within the reservoirs 714 and 715. The means for
mixing may take any suitable form and be located in any suitable location.
For example, the means for mixing 713 may be located within the valve
assembly 770, pump 710, port 712 or at any other location. As discussed
herein, the means for mixing 713 may take a variety of forms including both
active mixing devices (e.g., mechanical agitators)and passive mixing
devices (e.g., mixing chambers, static mixers, etc.). The means for mixing
713 may preferably be connected to the controller 702 as shown if control

over the means for mixing 713 is desired or required during operation.

Yet another alternative drug delivery system according to the present
invention is depicted in FIG. 11. In many respects, the system 800 may be
similar to system 700 of FIG. 10. System 800 does, however, preferably
include a lumen switching valve assembly 890 located between the catheter
820 and the drug delivery system 800 such that output from the system 800
can be directed into the appropriate lumen 826a and/or 826b of catheter 820.
The lumen switching valve assembly 890 and the system 800 may
preferably be operably connected to, e.g., a controller located within system
800 (as described in connection with, e.g., system 700 above). Also, the
system 800 may preferably include a pump assembly that includes two or
more independent pump mechanisms to deliver drugs to the different

lumens in catheter 820 independently.

In some situations, it may be desired to infuse a drug to multiple locations
that are not collinear such that they cannot be reached by a single,
unbranched catheter. As an example, it may be desired to infuse the same
drug into both hemispheres of the brain. To accomplish such a method, a
catheter may be used that includes one or more forks (e.g., a "Y") at which
the catheter splits into two or more separate branches. One example of such
an embodiment is depicted in FIG. 12. The catheter 920 splits into branches
920a and 920b at fork 923.
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Branch 922a includes two infusion sections 927a and 927b located along the
elongated body of the branch 922a. As a result, infusion section 927b is
located between the proximal end 922 of the catheter and the other infusion
section 927a. Although only two infusion sections are shown along branch
920a, it will be understood that three or more infusion sections could be
provided along the branch 920a or in-line with each other from the proximal
end 922 to the distal end 924a of branch 920a. In some embodiments, it
may be possible that an infusion section could be located along the length of
the catheter 920 between the fork 923 and the proximal end 922, with one or
more infusion sections located along one or both of the branches 920a and

920b.

Also, while catheter 920 includes only one fork and two branches, it should
be understood that catheters of the present invention and systems/methods
using them could include more than one fork and/or that each fork could

include two or more branches.

One or more of the infusion sections on a branched catheter may preferably
include a permeable membrane as described in connection with other
embodiments herein. The permeable membranes used in the various
infusion sections may have the same characteristics or they may be
different. For example, the permeable membrane in each infusion section
may have the same pore size if it is desired to have an equal amount of drug
be infused from each infusion section. Sometimes, however, it may be
desired to distribute different amounts of drug to two or more of the infusion
sections. To do so, for example, the pore size of the permeable membranes
in the different infusion sections could potentially be selected to provide the
desired relative distribution. For example, a larger pore size could be
expected to allow more drug to pass through the membrane, while a smaller
pore size could be expected to allow less drug to pass through the

membrane.

The branched catheter 920 could be designed with a single lumen that splits
at fork 923 to service the infusion sections 927a and 927b on branch 920a
and infusion section 927c on branch 920b. Alternatively, however, multiple
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lumens could be provided to service each of the infusion sections 927a,
927b, and 927c separately. Such a configuration could allow for the
delivery of different drug solutions to the different infusion sections 927a,
927b, and 927c as discussed herein with respect to multiple lumen catheters
that are not branched. In still another variation, one infusion section could
be serviced by a first lumen and two or more infusion sections (on the same
or different branches) could be served by a common lumen (that splits if the

commonly-served infusion sections are located on different branches.

As used herein and in the appended claims, the singular forms "a," "and,"
and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "a drug" includes a plurality of
drugs and reference to "the lumen" includes reference to one or more

lumens and equivalents thereof known to those skilled in the art.

Unless otherwise indicated, all numbers expressing measurements, pore
sizes, etc. used in the specification and claims are to be understood as
preferably being modified in all instances by the term "about."
Accordingly, unless indicated to the contrary, the numerical parameters set
forth in the following specification and attached claims are approximations
that may vary depending upon the desired properties sought to be obtained
by the present invention. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of the number of
reported significant digits and by applying ordinary rounding techniques.
Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set
forth in the specific examples are reported as precisely as possible. Any
numerical value, however, inherently contain certain errors necessarily
resulting from the standard deviation found in their respective testing

measurements.

Illustrative embodiments of this invention are discussed and reference has
been made to possible variations within the scope of this invention. These
and other variations and modifications in the invention will be apparent to
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those skilled in the art without departing from the scope of the invention,
and it should be understood that this invention is not limited to the
illustrative embodiments set forth herein. Accordingly, the invention is to

be limited only by the claims provided below and equivalents thereof.
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CLAIMS:

1. An implantable drug delivery system comprising:

an implantable pump assembly;

two or more implantable reservoirs operably connected to the
implantable pump assembly;

a catheter connection port adapted to attach a catheter to the drug
delivery system; and

a reservoir switching valve assembly between the two or more
implantable reservoirs and the catheter connection port, wherein the two or
more implantable reservoirs can be selectively connected to the catheter

connection port.

2. The system of claim 1, further comprising a telemetry module operably

connected to control the reservoir switching valve assembly.

3. The system of claim 1, further comprising an implantable density sensor.

4. The system of claim 3, further comprising a telemetry module operably

connected to the density sensor.

5. The system of claim 3, further comprising means for mixing fluids

delivered from at least two of the two or more reservoirs, wherein the density
sensor is operably connected to the means for mixing, whereby a mixed fluid
having a selected density can be obtained based on a density measured by the

density sensor.

6. The system of claim 1, wherein two reservoirs of the two or more

reservoirs contain different drugs.

7. The system of claim 6, wherein the different drugs are in drug solutions

having different densities.
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8. The system of claim 1, wherein two reservoirs of the two or more
reservoirs contain the same drug in two different drug solutions having different

densities.

9. The system of claim 1, further comprising means for mixing fluids

delivered from at least two of the two or more reservoirs.

10. The system of claim 9, wherein the means for mixing performs the

mixing before the fluids exit the catheter connection port.

11.  The system of claim 9, further comprising a telemetry module operably

connected to control the means for mixing.

12.  The system of claim 1, further comprising means for modifying flow

rate to the catheter connection port.

13.  The system of claim 1, wherein the implantable pump assembly

comprises at least one programmable pump mechanism.

14.  The system of claim 1, further comprising a telemetry module operably

connected to control the implantable pump assembly,

15.  The system of claim 1, wherein the implantable pump assembly

comprises two or more pump mechanisms.

16. ° The system of claim 1, further comprising a catheter that comprises a
proximal end connected to the catheter connection port, wherein the catheter
comprises a first Jumen extending from the proximal end of the catheter to a

first infusion section and a second lumen extending from the proximal end of

the catheter to a second infusion section.

17.  The system of claim 16, further comprising a lumen switching valve

assembly between the two or more reservoirs and the catheter, wherein the two
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Or more reservoirs can be selectively connected to one or both of the first lumen

and the second lumen.

18.  The system of claim 17, further comprising a telemetry module operably

connected to control the lumen switching valve assembly.

19.  The system of claim 16, further comprising means for modifying the

flow rate through one or both of the first lumen and the second lumen.

20.  The system of claim 16, wherein the two or more reservoirs comprise a
first reservoir connected to the first lumen and a second reservoir connected to

the second lumen.

21.  The system of claim 20, further comprising a first valve between the
first reservoir and the first lumen and a second valve between the second

reservoir and the second lumen.

22.  The system of claim 20, further comprising a telemetry module operably

connected to control one or both of the first valve and the second valve.

23.  The system of claim 20, further comprising means for modifying the

flow rate through one or both of the first lumen and the second lumen.

24. A method of delivering one or more drugs to at least one internal body
location using a drug delivery system implanted in the body of a patient,
wherein the drug delivery apparatus comprises an implantable pump assembly,
two or more implantable reservoirs operably connected to the implantable pump
assembly, a catheter connection port adapted to attach a catheter to the drug
delivery system, and a reservoir switching valve assembly between the two or
more implantable reservoirs and the catheter connection port, the method
comprising:

selectively connecting at least one reservoir of the two or more

implantable reservoirs to the catheter connection port; and
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delivering a drug from at least one reservoir of the two or more
implantable reservoirs to the catheter connection port using the implantable

pump assembly.

25.  The method of claim 24, further comprising controlling the reservoir

switching valve assembly from a location outside of the body of the patient.

26.  The method of claim 24, further comprising measuring density of the

cerebrospinal fluid of a patient using an implanted density sensor.

27.  The method of claim 26, further comprising receiving a signal from the
implanted density sensor indicative of the density of the cerebrospinal fluid as

measured.

28. The method of claim 24, further comprising mixing fluids delivered

from at least two of the two or more reservoirs before delivering the drug.

29. The method of claim 24, wherein two reservoirs of the two or more

reservoirs contain different drugs.

30.  The method of claim 29, wherein the different drugs are in drug

solutions having different densities.

31. The method of claim 24, wherein two reservoirs of the two or more
reservoirs contain the same drug in two different drug solutions having different

densities.

32.  The method of claim 24, wherein the drug delivery system further
comprises a catheter comprising a proximal end connected to the catheter
connection port, wherein the catheter comprises a first lumen extending from
the proximal end of the catheter to a first infusion section and a second lumen
extending from the proximal end of the catheter to a second infusion section,
and wherein the method further comprises passing the drug delivered from the

at least one reservoir of the two or more implantable reservoirs to the catheter
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connection port to at least one of the first infusion section and the second

infusion section.

33.  The method of claim 32, wherein the drug delivery system comprises a
lumen switching valve assembly between the two or more reservoirs and the
catheter, wherein the two or more reservoirs can be selectively connected to one

or both of the first lumen and the second lumen.

34.  The method of claim 33, further comprising a telemetry module

operably connected to control the lumen switching valve assembly.

35.  Animplantable drug delivery system comprising:

an implantable pump assembly comprising two or more pump
mechanisms;

two or more implantable reservoirs operably connected to the
implantable pump assembly; and

a catheter connection port adapted to attach a catheter to the drug

delivery system.

36. The system of claim 35, further comprising means for modifying flow

rate to the catheter connection port.

37.  The system of claim 35, wherein at least one of the two or more pump

mechanisms comprises a programmable pump mechanism.

38.  The system of claim 35, further comprising a telemetry module operably

connected to control the implantable pump assembly.

39. The system of claim 35, further comprising a reservoir switching valve
assembly between the two or more implantable reservoirs and the catheter
connection port, wherein the two or more implantable reservoirs can be
selectively connected to the catheter connection port, and a telemetry module

operably connected to control the reservoir switching valve assembly.
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40. The system of claim 35, further comprising an implantable density
sensor located outside of a fluid path between the two or more reservoirs and
the catheter connection port, wherein the implantable density sensor is adapted

for implantation within a bodily fluid of a patient.

41.  The system of claim 40, further comprising a telemetry module operably

connected to the density sensor.

42.  The system of claim 40, further comprising means for mixing fluids
delivered from at least two of the two or more reservoirs, whereby a mixed fluid

having a selected density can be obtained.

43.  The system of claim 35, further comprising a density sensor located
between the two or more reservoirs and the catheter connection port, wherein
the density of fluid delivered to the catheter connection port can be determined

by the density sensor.

44.  The system of claim 43, further comprising means for mixing fluids
delivered from at least two of the two or more reservoirs, wherein a mixed fluid

can be obtained.

45. The system of claim 44, wherein the density sensor is operably
connected to the means for mixing, wherein the means for mixing can be
operated to obtain the mixed fluid with a selected density as measured by the

density sensor.

46. The system of claim 35, wherein two reservoirs of the two or more

reservoirs contain different drugs.

47.  The system of claim 46, wherein the different drugs are in drug solutions

having different densities.
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48.  The system of claim 35, wherein two reservoirs of the two or more
reservoirs contain the same drug in two different drug solutions having different

densities.

49.  The system of claim 35, further comprising a catheter that comprises a
proximal end connected to the catheter connection port, wherein the catheter
comprises a first lumen extending from the proximal end of the catheter to a
first infusion section and a second lumen extending from the proximal end of

the catheter to a second infusion section.

50.  The system of claim 49, further comprising a lumen switching valve
assembly between the two or more reservoirs and the catheter, wherein the two
or more reservoirs can be selectively connected to one or both of the first lumen

and the second lumen.

51.  The system of claim 50, further comprising a telemetry module operably

connected to control the lumen switching valve assembly.

52. The system of claim 49, further comprising means for modifying the

flow rate through one or both of the first lumen and the second lumen.

53. The system of claim 49, wherein the two or more reservoirs comprise a
first reservoir connected to the first lumen and a second reservoir connected to

the second lumen.

54.  The system of claim 53, further comprising a first valve between the
first reservoir and the first lumen and a second valve between the second

reservoir and the second lumen.

55.  The system of claim 54, further comprising a telemetry module operably

connected to control one or both of the first valve and the second valve.

56. A method of delivering one or more drugs to at least one internal body

location using a drug delivery system implanted in the body of a patient,
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wherein the drug delivery apparatus comprises an implantable pump assembly
comprising two or more pump mechanisms, two or more implantable reservoirs
operably connected to the implantable pump assembly, and a catheter
connection port adapted to attach a catheter to the drug delivery system, the
method comprising:

selectively operating the two or more pump mechanisms of the
implantable pump assembly; and

delivering a drug from at least one reservoir of the two or more
implantable reservoirs to the catheter connection port using the implantable

pump assembly.

57.  The method of claim 56, further comprising controlling the implantable
pump assembly using a telemetry module operably connected to the pump

assembly.

58.  The method of claim 56, further comprising measuring density of the

cerebrospinal fluid of a patient using an implanted density sensor.

59.  The method of claim 58, further comprising receiving a signal from the
implanted density sensor indicative of the density of the cerebrospinal fluid as

measured.

60.  The method of claim 56, further comprising mixing fluids delivered

from at least two of the two or more reservoirs before delivering the drug.

61. The method of claim 56, wherein two reservoirs of the two or more

reservoirs contain different drugs.

62.  The method of claim 61, wherein the different drugs are in drug

solutions having different densities.

63. The method of claim 56, wherein two reservoirs of the two or more
reservoirs contain the same drug in two different drug solutions having different

densities.
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64.  The method of claim 56, wherein the drug delivery system further
comprises a catheter comprising a proximal end connected to the catheter
connection port, wherein the catheter comprises a first umen extending from
the proximal end of the catheter to a first infusion section and a second lumen
extending from the proximal end of the catheter to a second infusion section,
and wherein the method further comprises passing the drug delivered from the
at least one reservoir of the two or more implantable reservoirs to the catheter
connection port to at least one of the first infusion section and the second

infusion section.

65.  An implantable drug delivery system comprising:

an implantable controller;

an implantable pump assembly operably connected to the controller;

two or more implantable reservoirs operably connected to the
implantable pump assembly;

at least one density sensor operably connected to the controller;

a telemetry module operably connected to the controller; and

a catheter connection port adapted to attach a catheter to the drug

delivery system.

66.  The system of claim 65, further comprising means for mixing fluids
delivered from at least two of the two or more reservoirs, whereby a mixed fluid

having a selected density can be obtained.

67.  The system of claim 65, wherein the at least one density sensor
comprises an internal density sensor located between the two or more reservoirs
and the catheter connection port, wherein the density of fluid delivered to the

catheter connection port can be determined by the density sensor.

68.  The system of claim 67, further comprising means for mixing fluids
delivered from at least two of the two or more reservoirs, wherein a mixed fluid

can be obtained.
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69.  The system of claim 68, wherein the internal density sensor is operably
connected to the means for mixing, wherein the means for mixing can be
operated to obtain the mixed fluid with a selected density as measured by the

density sensor.

70.  The system of claim 65, wherein the at least one density sensor
comprises an implantable density sensor located outside of a fluid path between
the two or more reservoirs and the catheter connection port, wherein the
implantable density sensor is adapted for implantation within a bodily fluid of a

patient.

71. The system of claim 70, wherein the at least one density sensor
comprises an internal density sensor located between the two or more reservoirs
and the catheter connection port, wherein the density of fluid delivered to the

catheter connection port can be determined by the internal density sensor.

72.  The system of claim 71, further comprising means for mixing fluids
delivered from at least two of the two or more reservoirs, wherein a mixed fluid

can be obtained.

73.  The system of claim 71, wherein the internal density sensor is operably
connected to the means for mixing, wherein the means for mixing can be
operated to obtain the mixed fluid with a selected density as measured by the

internal density sensor.

74.  The system of claim 65, wherein the implantable pump assembly

comprises two or more pump mechanisms.

75. The system of claim 65, wherein two reservoirs of the two or more

reservoirs contain different drugs.

76.  The system of claim 75, wherein the different drugs are in drug solutions

having different densities.
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77.  The system of claim 65, wherein two reservoirs of the two or more
reservoirs contain the same drug in two different drug solutions having different

densities.
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