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ABSTRACT OF THE DISCLOSURE

A valve that 1s adapted to control the flow rate of fluid flow from an implantable pump or
other fluid delivery device is provided. In general, the valve includes a multi-lumen member that
is adapted to receive fluid-flow therethrough, and a restrictor member that is coupled to the
multi-lumen member such that the restrictor member 1s effective to selectively restrict at least a
portion of one or more lumens in the multi-lumen member to thereby adjust the flow rate of fluid
flowing through the multi-lumen member. The valve can be built into an implantable drug pump
to control fluid flow exiting the pump, or alternatively the valve can disposed within a catheter or
otherwise coupled to an outlet port in an implantable drug pump to control the flow rate of fluid

exiting the drug pump.
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IMPLANTABLE PUMP WITH ADJUSTABLE FLOW RATE

FIELD OF THE INVENTION

[0001] The present invention relates to an implantable pump having a continuous fluid flow with |

an adjustable flow rate.
BACKGROUND OF THE INVENTION

[0002] Implantable drug delivery devices are commonly used to provide site specific and/or .
sustained delivery of beneficial agents to address adverse patient conditions. The pumps are
used for the continuous medication delivery over relatively long periods of time in patients who
could otherwise only be treated by injecting the medications, such as, e.g., morphines, heparins
and similar drugs, several times daily. Pumps are advantageous in comparison with injections in

that an even flow rate and a si gnificantly lower total intake of the drug can be realized.

[0003] Implantable drug pumps typically include a reservoir for storing a fluid, such as a drug,
and a pump or other flow control device to deliver the fluid to a site within a patient. A septum
is formed on the top of the pump to allow refilling of the reservoir. Most implantable pumps
also include a bolus port which is coupled to the catheter to enable a one-time injection directly
to the treatment site. In use, the pump is disposed in a subcutaneous pocket in the area of the
abdomen of the patient whereby the refill opening sealed by the septum is palpab]e under the
skin of the patient. The medication reservoir 1s filled by piercing the skin of the patient and the

septum with the corresponding needle of a syringe.

[0004] During treatment for certain medical conditions, the amount of medication being
delivered from the pump may need to be adjusted. Accordingly, variable flow rate
programmable pumps have been developed that allow the flow rate to be adjusted over time.
These pumps typically include a battery as an energy source that is used to open and close a
valve to adjust the flow rate. While these pumps provide some advantages over fixed flow rate
pumps, the use of such pumps has some drawbacks. In particular, variable flow rate pumps have
a normal life that is limited by the life of the béttery. Since these pumps require an active

pumping mechanism or an active valve to control flow rate, the pumps tend to be inefficient as
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they consume energy to operate the pump. After that, removal of the pump 1s necessary 1n order
to renew the energy source. Further, in order to guard against the shortening of the device’s
useful life, variable flow rate pumps are typically not manufactured with additional power-
consuming features such as sensors and other diagnostic equipment which would provide useful
for monitoring the patient during treatment. One other problem associated with current variable

flow rate pumps 1s that they only allow for a limited number of pre-set flow rates.

[0005] Accordingly, there remains a need for an implantable pump having an adjustable flow

rate, and that has an extended useful life.
SUMMARY OF THE INVENTION

[0005A] The present disclosure is directed to a valve adapted to control the flow rate of fluid
flow from an implantable pump, comprising: a multi-lumen member disposed within a housing
and adapted to receive fluid-flow therethrough between a first end coupled to an inlet and a
second end coupled to an outlet; and a restrictor member that prevents fluid that 1s flowing from
the 1nlet to the outlet from flowing through the restrictor member without blocking the inlet, the
restrictor member extending across the housing and sealed around a perimeter of the housing,
and the restrictor member being coupled to the multi-lumen member such that the restrictor
member 1s effective to selectively restrict at least a portion of one or more lumens 1n the multi-

lumen member to thereby adjust the flow rate of fluid flowing through the multi-lumen member.

[0005B] In another aspect, there 1s disclosed a method for controlling the flow rate of fluid
being delivered to a patient from an implantable pump, comprising: providing a valve in fluid
communication with a reservoir formed 1n an implantable pump, the valve including a multi-
lumen member disposed within a valve housing and coupled to a restrictor member extending
across the valve housing and sealed around a perimeter of the housing, the restrictor member
preventing fluid flowing from an inlet to an outlet from flowing through the restrictor member
without blocking the inlet, and selectively restricting at least a portion of one or more lumens 1n
the multi-lumen member to thereby adjust the flow rate of fluid flowing from the reservoir
between a first end of the multi-lumen member coupled to the inlet and a second end of the

multi-lumen member coupled to the outlet; and actuating the restrictor member to selectively
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restrict at least a portion of one or more lumens to thereby adjust the flow rate of fluid flowing

from the reservorr.

[0005C] In yet another disclosure, there 1s provided an implantable drug-delivery pump,
comprising: a pump housing having a reservoir adapted to retain a fluid therein; a pump inlet
port formed 1n the pump housing for delivering fluid to the reservoir; a reservoir outlet port
formed 1n the pump housing and adapted to receive fluid from the reservoir; a driver mechanism
effective to drive fluid from the reservoir to the reservoir outlet port; and a valve adapted to
receive fluid from the reservoir outlet port, the valve including a multi-lumen member that has a
first end coupled to the reservoir outlet port for receiving fluid flow from the reservoir and a
second opposed end coupled to an outlet port for delivering fluid, the multi-lumen member being
disposed within a valve housing having a restrictor member extending there across between
opposed sidewalls thereof, the restrictor member being adapted to prevent fluid flowing from the
reservolr from flowing therethrough and to selectively restrict at least a portion of one or more
lumens 1n the multi-lumen member to thereby adjust the flow rate of fluid flowing from the

reservoir.

10005D] Finally, there 1s disclosed an implantable drug-delivery pump, comprising: a pump
housing having a reservoir adapted to retain a fluid therein; a pump inlet port formed in the
pump housing for delivering fluid to the reservoir; a reservoir outlet port formed in the pump
housing and adapted to receive fluid from the reservoir; a driver mechanism effective to drive
fluid from the reservoir to the reservoir outlet port; and a valve adapted to receive fluid from the

reservolr outlet port, the valve including a multi-lumen member disposed within a valve housing
and adapted to receive fluid flow in one direction therethrough, the valve housing having a
restrictor member extending there across between opposed sidewalls thereof, the restrictor
member being adapted to prevent fluid flowing from the reservoir from flowing therethrough and
to selectively restrict at least a portion of one or more lumens in the multi-lumen member to

thereby adjust the flow rate of fluid flowing from the reservourr.

[0006] The present invention provides a valve that 1s adapted to control the flow rate of fluid
flow from an implantable pump. The valve generally includes a multi-lumen member, such as a

multi-lumen capillary tube, that 1s adapted to receive fluid-flow therethrough, and a restrictor
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member that 1s coupled to the multi-lumen member such that the restrictor member 1s effective to
selectively restrict at least a portion of one or more lumens in the multi-lumen member to thereby

adjust the flow rate of fluid flowing through the multi-lumen member.

[0007] In one embodiment, the multi-lumen member can include a first end coupled to an inlet
port for receiving fluid flow from an implantable pump, and a second, opposed end having an
outlet port for delivering fluid to a fluid-delivery catheter. The restrictor member 1s preferably a
flexible membrane that 1s disposed adjacent to one of the first end or the second end of the
capillary tube, and that 1s effective to selectively restrict at least a portion of one or more lumens
in the capillary tube. The valve can also include an actuator mechanism for applying a force to
the flexible membrane to selectively restrict at least a portion of one or more lumens 1n the

capillary tube. The actuator mechanism 1s preferably a mechanical or electromechanical

member.

[0008] In another embodiment, the flexible membrane 1s expandable or positionable to
selectively restrict at least a portion of one or more lumens 1n the capillary tube. The flexible

membrane can also or alternatively be coupled to a housing to form a balloon-like structure such
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that the flexible membrane is inﬂatable to selectively restrict at least a portion of one or more
lumens in the capillary tube. A hydraulic pump can be coupled to the flexible membrane to
‘selectively inflate and/or deflate the flexible ;membrane, and an actuator mechanism can be
coupled to the hydraulic pump for selectively actuating the hydraulic pump.‘ The actuator

mechanism is preferably operable by telemetry.

[0009] The present invention also provides an implantable dnig-de]ivery pump that includes a
housing having a reservoir adapted to retain a fluid therein, a pump 1inlet port f_oﬁned in the -
housing for delivering fluid to the reservoir, a reservoir outlet port formed in the housing and
adapted to receive fluid from the reservoir, a driver mechanism effective to drive fluid from the
reservoir to the reservoir outlet port, and a valve in fluid communication with the reservoir outlet
port. The valve includes a multi-lumen member coupled to a restrictor member that is adapted to
selectively restrict at least a portion of one or more lumens in the multi-lumen member to thereby

adjust the flow rate of fluid flowing from the reservoir.

[0010] In one embodimént, the valve can be disposed within the housing.- In this configuration,
the multi-lumen member can be, for example, a multi-lumen capillary tube that préferably
includes a first end coupled to the reservoir outlet port for receiving fluid flow from the .
TE€SErvolr, aﬁd a second, oppbsed end coupled to a pump outlet port for delivering fluid to a fluid-
délivery catheter. In an alternative embodiment, the valve can be disposed within a fluid
deiivery catheter that is coupled to a pump outlet port formed in the housing and in fluid
communication with the reservoir outlet port. The multi-lumen member can be a multi-lumen
capillary tube that 1s disposed within a catheter and that includes a first end coupled to the pump
outlet port, and a second, opposed end coupled to the fluid delivery catheter for delivering fluid

to a patient.

[0011] In yet another embodiment, the multi-lumen member can be a multi-lumen capillary tube,
and the restrictor member can be a flexible membrane that is disposed adjacent to one of a first
end or a second end of the capillary tube. The flexible membrane is effective to seleCtive]y
restrict at least a portion of one or more lumens in the capillary tube. An actuator mechanism

can optionally be provided for applying pressure to the flexible membrane to selectively restrict
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“at least a portion of one or more lumens in the capillary tube. The actuator mechanism can be,

for example, a mechanical or electromechanical member.

[0012] In yet another embodiment, the flexible membrane is expandable to selectively restrict at
least a portion of one or more lumens 1n the;capillary tube. More particularly, the flexible
membrane can be coupled to a housing to form a balloon-like structure such that the flexible
membrane is inflatable to selectively restrict at least a portion of one or moré lumens m the .
capillary tube. A hydraulic 'pu'mp can be coupled to the flexible membrane to selectively inflate

and/or deflate the ﬂexib'le. membrane.

[00 1'3] In other aspects of the present invention, the implantable drug-delivery pump can include
an orifice disposed downstream of the valve and in fluid communication with the valve. The
orifice includes a differential pressure sensor that is effective to measure the flow rate of fluid

through the orifice.

[0014] Methods for controlling the flow rate of tluid being delivered to a patient from an

implantable pump are also provided.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The invention will be more fully understood from the following detailed descriptioh

taken in conjunction with the accompanying drawings, in which:

[0016] FIG. 1A is an illustration of one embodiment of a valve for controlling the flow rate of

fluid from an implantable pump;

[0017] FIG. 1B is a cross-sectional view of the multi-lumen capillary tube of the valve show in
FIG. 1A;

[0018] FIG. 2 is an illustration of another embodiment of a valve for controlling the flow rate of

 fluid from an implantable pump;
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[0019] FIG. 3is a cross-sectional view of one embodiment of an implantable drug delivery

pump according to the present invention; and

[0020] FIG. 4 is a diagram showing a pressure sensor used in connection with an adjustable

valve in accordance with yet another embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0021] The present invention generally provides a valve that is adapted to control the flow rate
of fluid flow from an implantable pump or another fluid delivery device. In general, the valve
includes a multi-lumen member that is adapted to receive fluid-flow therethrough, and a
restrictor member that is coupled to the multi-lumen member such that the restrictor member is
~effective to se]ectxvely restrict at least a portion of one or more lumens in the multl-lumen
member to thereby adjust the flow rate of fluid flowin g through the multi-lumen member. The
valve can be built into an implantable drug pump to control fluid flow exiting the pump, or
alternatively the valve can disposed within a catheter or otherwise coupled to an outlet port in an

implantable drug pump to control the flow rate of fluid exiting the drug pump. ‘

[0022] The device is particularly advantageous in that 1t allows the flow rate to be set to.a
desired flow rate within a broad continuum of flow rate\s, unlike prior art pumps which use a
censtant flow rate and which actively control the delivery of fluid by monitoring and controlling
the amount of time that the valve remains open, or which have a linited number of preset flow
rates. This is due to the use of the restrictor member, which can partially or completely restrict
some of all of the lumens of the multi-lumen member. The present mventlon 1s therefore further
advantageous in that it requires a minimal amount of energy to operate the pump. In particular,
.since the flow rate mechanism only requires energy while it is being adjusted to a certain rate, it
does not require a continuous supply of energy while the pump is operating, unlike most prior art
pumps which use an active pumping mechanism or an active vaive to control flow rate. The
flow rate of the valve of the present invention can be directly adjusted by setting the restrictor
member such that the pump is operating at a desired flow rate, energy is not required to

continuously monitor and control the amount of time that the valve remains open. The present
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invention is also particularly advantageous in that it allows the use of additional power-

~ consuming features, such as sensors, since the valve requires little energy to operate.

[0023] FIG. 1A illustrates oné embodiment of a valve 1'0 for controlling ﬂuid flow from an
implantable drug delivery pump. As shown, the valve 10 generally includés a multi;iumen .
member 12 and a restrictor member 14 that is adapted to selectively restrict at least a portion of

* one or more lumens extending through the multi-lumen member 12 to thereby adjust 'tiw flow of
fluid therethrough. The valve 10 further includes an acﬁiatoi mechanism 16 that can be used to

control the restrictor member 14.

[00’24] The multi-lumen member 12 can have vé:iety of confi gurations, but in an exemplary
embodiment the multi-lumen member 12 is a capillary tube having several l.umens\.ex.tending
between opposed first and second ends 12a, 12b, a cross-section of which is shown in FIG. 1B.
The first end 12a is coupled to a valve inlét 18 that is adapted to receive fluid flow from an '
implantable pump, and the second end 12b forms an outlet for delivexing fluid to a paﬁent, e.g.,
via a catheter coupled to or otherwise associates with the second end 12b. The cépil]ary tube 12
can be formed from a variety of matenals, and it can have a variety of shapes and sizes. The
capillary tube 12 should, however, have a Shape and size that enables it to deliver very small
amounts of fluid, preferably in the range of about 0 mL to 4 mL per day, and that enables it to be
either implanted within a drug delivery pump or within a catheter connected to a drug delivery
pump. In aﬁ exemplary embodiment, the capillar_y- tube 12 1s formed from ductile glass material
that is assembled to have an essentially round outer cross section and multiple lumens 13,
preferably with diameters d of about 250 micrometers or less. The number of lumens 13, as well
as the length [ of the tube 12, can vary depending on the desired ﬁow paranieters. One example

of a suitable capillary tube for use with the present invention is available from Nine Sigma, Inc.
of Cleveland, Oh. '

[0025]} As previously stated, the valve 10 also includes a restrictor member 14 which can have a
variety of configurations, but which should be adapted to selectively restrict at least a portion of
one or more lumens 13 in the capillary tube 12. The restrictor member 14 can be disposed

adjacent to the second end 12b of the multi-lumen capillary tube 12, or alternatively it can be
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diSposed adjacent to the first end 12a of the capillary tube 12 as shown in FIG. 1A. While the .-
~ confi guratlon of the restrictor member 14 can vary, in an exemplary embodiment the restrictor
member 14 is formed from a flexible membrane 14 that extends across a housing 20 that is
coupled to the first end 12a of the caplllary tube 12. The housing 20 1s effective to create a
sealed connection wrth the first end 12a of the capillary tube 12, and it mcludes a valve 1nlet port
18 formed therein for allowing fluid to be delivered to the oaprllary tube 12 from a pump
reservoir. The membrane 14 is disposed across a portion of the housing 20 such that the
membrane 14 does not block the inlet port 18, yet the membrane 14 can be expanded inﬂate‘d or
otherwise moved to restrict at least a portion of one or more lumens 13 in the caprllary tube 12.
The matenals used to form the membrane will vary dependm g on the configuration of the

actuator mechanism. In an exemplary embodrment however the membrane 14 is formed from |

an elastomeric silicone rubber, polyurethane, or any other flexible matenal

[0026] A variety of techniques can be used to actuate the membrane 14 to restrict at least a
portion of one or more lumens in the oapillary tube 12. In the embodiment illustrated in FIG.

1A, the membrane 14 forms a balloon-like structure or sealed cavity 22'in the housing 20 to
allow the membrane 14 to be inflated and deﬂateel by the actuator mechanism 16. The ecmetor '
mechanism 16 in this embodiment is preferably a hydraulic actuator 16 that can move to cause .
fluid or air disposed within the cavity 22 to inflate or deflate the membrane 14. Accordingly, the
membrane 14 is preferably sufficiently flexible to allow the membrane 14 to be easily irlﬂated_
and deflated. In an alternative embodiment, shown in FIG. 2, a mechanical actuator mechanism
16’ can be used to directly control movement of the membrane 14", In particular, a piston-type

- member 16' can be used to apply a direct force to the membrane 14' to cause the membrane .14' to
restrict at least a portion of one or more lumens 13" in the capillary tube 12'. In this embodiment, |

the membrane 14' is preferably thicker and less flexible than the inflatable membrane 14
illustrated in FIG. 1A. - '

[0027] A person skilled 1n the art will appreciate that a var‘iety of other techniques can be used to
cause the membrane 14 to restrict at least a portion of one or more lumens 13 in the capillary

tube 12. Moreover, the restrictor member 14 1s not limited to a flexible membrane 14, but rather
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it can have any configuration that allows one or more lumens 13 in the capillary tube 12 to be

- selectively restricted.

[0028] Movement of the actuator mechanism 16 can be accomplished using a variety of |
techniques. Exemplary techniques for moving the actuator mechanism 16 includé, for example,
a motor with gears and piezoelectric materials. The actuator mechaniSm 16 should, hoﬁvever, be
remotely controllable, e.g., using telemetry, to allow the ﬂdw rate to be adjusted after the valve is
implanted. A variety of techniques are known in the art for providing a telemetry-controlled

actuator mechanism 16.

[0029] In use, the valve 10 is coupled to an implantable drug delivery pump such that; itis
disposed between the fluid reservoir in the pump and the outlet in the catheter where fluid ’is .
delivered to the patient. The flow raie can be adjusted by simply moving the actuator
mechanism to cause membrane 14 to either cover a number of ]u‘mens 13 in the capilla:y tube 12
to decrease the flow rate of fluid through the capillary tube 12, or altematively to uncover a
number of lumens 13 in the Capil]ary tube 12 to increase the flow rate of fluid through the

~ capillary tube 12.

[0030] As previously stated, the valve 10 can either be implanted within a drug delivery pump,
or alternatively it can be disposed within a catheter that is connected to a drug delivery pump.
When implanted in a catheter, the valve 10 should be confi gured such that all fluid that flows
through the catheter is required to pass through the valve, thus allowing the fluid flow rate to be
controlled. In an exemplary embodiment, however, the valve is disposed within an implantable
drug delivery pump 10, as shown in FIG. 3. A person skilled in the art will appreciate that the
pump 10 is merely intended as an exemp]ary embodiment of an implantable drug delivery pump,
and that the present invention techniques for controlling the flow rate can be in.corporated Into

any implantable pump or other fluid delivery device.

[0031] As shown, the implantable drug pump 100 generally includes a housing 112 having a
pump inlet port 114 and a pump outlet port 116, each of which are fluidly coupled to a reservolr

118 formed within the housing 112 for retaining a fluid, e.g., a drug, therein. Fluid can be
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- infroduced into the reservoir 118 through the pump inlet port 114 via a reservoir inlet port 122.
As shown, a septum 115 is formed on the top of the pump 100 to allow refilling of the reservoir.
118 .thrbugh the pump inlet port 114. Fluid can exit the reservoir 118 through the pump outlet
port 116 via the reservoir outlet port 119. The reservoir 118 in the pump 100 is preferably '
formed from a bellows that is compressible upon application of a force thereto by a driver
mechanism that is effective to selectively drive fluid from the reservoir 118 to the pump outlet
port 116. A variety of driver mechanisms can be used, but in one embodiment the driver

mechanism is a constant-pressure driver mechamsm

[0032] The valve 10 is disposed between the reservoir 118 and the pump outlet port 116, and
more partibularly, the valve inlet port 18 is connected to the reservoir outlet port 119 and the
second end 12b of the capillary tube 12 is connected to the pump outlet port 116. In use, fhe
driver mechanism can apply a constant pressure to the reservoir 118 to force fluid to exit the
reservoir 118 via the reservoir outlet port 119, whereby the fluid flow rate is controlled by the
valve 10, as previously discussed. The flow rate can be adjusted by actuating the restrictor

member 14 to cover/uncover additional lumens 13 in the capillary tube, as previo'usly described.

[0033] In yet another embodiment of the present invention, a sensor can be used to provide
closed-loop feedback for control of the pump flow rate, and/or to sense/measure a variety of
other conditions. Virtually any sensor can be provided, and it can be placed within the pump or
within the fluid-delivery catheter that is coupled to the pump outlet port 116. In an exemplary

embodiment, the sensor  1s preferably a pressure sensor that is adapted to measure the pressure

of fluid flowing from the valve 10 to the patient. FIG. 4 is a diagram illustrating an exemplary
configuration of the implantable drug pump 100 of FIG. 3 having a differential pressure sensor
50 disposed downstream of the valve 10 for determining the flow rate of fluid flowing from the
valve 10 to the patient’s body. Virtually any pressure sensor 50 can be used, but the pressure
sensor 50 1s preferably disposed across 3 fixed orifice 60 that is pre-calibrated. The fixed orifice
60 can have a variety of configurations, and in one embodiment it can be formed from, for
example, a capillary tube that 1s similar to capillary tube 12 that forms the restrictor member.
Alternatively, the fixed office can be made using nﬁcro-electro-mechanicai systems (MEMS)

technology such that the orifice is a chip capillary and the differential pressure sensor is integral

. -9-



CA 02479706 2011-08-03

with the chip. In use, the sensor can be relied on to adjust the restrictor member 14 to produce _

the necessary flow rate of fluid being delivered to the patient.

[0034] A person having ordinary skill in the art will appreciate that the pu'mp can i’ncl'.ude a
variety of other features not shown or described herein. By way of non-limiting example, the
puinp can include a bolus port in fluid communication wi'th the outlet port. In use, fluid can be
injected into the bolus port, whereby it flows directly out of the outlet port and is dehvéred to the
patient. The pump can also optionally include one or more filters that are effective to prevent the

accumulation of debris, for example, at the first end 12a of the capillary tube 12.

{0035] One skilled in the art will appreciate further features and advantages of the invention
based on.the above-described embodiments. Accordingly, the invention is not to be limited by

what has been particularly shown and described, except as indicated by the appended claims,

_10 -
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CLAIMS:

1. A valve adapted to control the flow rate of fluid flow from an implantable pump,
comprising:

a multi-lumen member disposed within a housing and adapted to receive fluid-flow
therethrough between a first end coupled to an inlet and a second end coupled to an outlet; and

a restrictor member that prevents fluid that 1s flowing from the inlet to the outlet from
flowing through the restrictor member without blocking the inlet, the restrictor member
extending across the housing and sealed around a perimeter of the housing, and the restrictor
member being coupled to the multi-lumen member such that the restrictor member 1s effective
to selectively restrict at least a portion of one or more lumens 1n the multi-lumen member to

thereby adjust the flow rate of fluid flowing through the multi-lumen member.

2. The valve of claim 1, wherein the multi-lumen member comprises a multi-lumen
capillary tube.
3. The valve of claim 2, wherein the inlet coupled to the first end of the multi-lumen

member comprises an inlet port for recerving fluid flow from an implantable pump, and the
outlet coupled to the second end of the multi-lumen member comprises an outlet port for

dehivering fluid to a fluid-delivery catheter.

4 The valve of claim 3, wherein the restrictor member comprises a flexible membrane
disposed adjacent to one of the first end or the second end of the capillary tube, the flexible
membrane being effective to selectively restrict at least a portion of one or more lumens in the

capillary tube.

J. The valve of claim 4, further comprising an actuator mechanism for applying pressure
to the tlexible membrane to selectively restrict at least a portion of one or more lumens 1n the

capillary tube.

6. The valve of claim 5, wherein the actuator mechanism comprises a mechanical or

electromechanical member.

7. The valve of claim 4, wherein the flexible membrane 1s expandable to selectively

restrict at least a portion of one or more lumens 1n the capillary tube.

211 -
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8. The valve of claim 4, wherein the flexible membrane 1s coupled to the housing to form
a balloon-like structure such that the flexible membrane 1s inflatable to selectively restrict at

least a portion of one or more lumens 1n the capillary tube.

9. The valve of claim &, further comprising a hydraulic pump coupled to the flexible

membrane and effective to at least one of inflate or deflate the flexible membrane.

10. The valve of claim 9, further comprising an actuator mechanism coupled to the
hydraulic pump for selectively actuating the hydraulic pump, the actuator mechanism being

operable by telemetry.

11. The valve of claim 1, wherein the multi-lumen member includes two or more lumens

that each extend from the first end to the second end.

12. The valve of claim 1, wherein the first end and the second end of the multi-lumen

member are opposed.

13. A method for controlling the flow rate of fluid being delivered to a patient from an
implantable pump, comprising:

providing a valve 1in fluid communication with a reservoir formed 1n an implantable
pump, the valve including a multi-lumen member disposed within a valve housing and coupled
to a restrictor member extending across the valve housing and sealed around a perimeter of the
housing, the restrictor member preventing fluid flowing from an inlet to an outlet from flowing
through the restrictor member without blocking the inlet, and selectively restricting at least a
portion of one or more lumens in the multi-lumen member to thereby adjust the flow rate of
fluid flowing from the reservoir between a first end of the multi-lumen member coupled to the
inlet and a second end of the multi-lumen member coupled to the outlet; and

actuating the restrictor member to selectively restrict at least a portion of one or more

lumens to thereby adjust the tlow rate of fluid flowing from the reservorr.

14. The method of claim 13, wherein the inlet coupled to the first end of the multi-lumen
member comprises an inlet port for receiving fluid flow from an implantable pump, and the
outlet coupled to the second end of the multi-lumen member comprises an outlet port for

delivering fluid to a fluid-delivery catheter.
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15. The method of claim 13, wherein the restrictor member comprises a flexible membrane
disposed adjacent to one of the first end or the second end of the multi-lumen member, the
flexible membrane being effective to selectively restrict at least a portion of one or more

lumens 1n the multi-lumen member.

16. The method of claim 15, further comprising an actuator mechanism for applying
pressure to the flexible membrane to selectively restrict at least a portion of one or more

lumens 1n the multi-lumen member.

17. The method of claim 16, wherein the actuator mechanism comprises a mechanical or

electromechanical member.

18. The method of claim 15, wherein the flexible membrane 1s expandable to selectively

restrict at least a portion of one or more lumens 1n the multi-lumen member.

19. The method of claim 15, wherein the flexible membrane 1s coupled to the valve
housing to form a balloon-like structure such that the flexible membrane 1s inflatable to

selectively restrict at least a portion of one or more lumens 1n the multi-lumen member.

20. The method of claim 19, further comprising a hydraulic pump coupled to the flexible

membrane and eftective to at least one of inflate or deflate the flexible membrane.

21, The method of claim 20, further comprising an actuator mechanism coupled to the
hydraulic pump for selectively actuating the hydraulic pump, wherein the actuator mechanism

1s operable by telemetry.

22. An implantable drug-delivery pump, comprising;

a pump housing having a reservoir adapted to retain a fluid therein;

a pump 1nlet port formed 1n the pump housing for delivering fluid to the reservoir;

a reservoir outlet port formed in the pump housing and adapted to receive fluid from
the reservorr;

a driver mechanism effective to drive fluid from the reservoir to the reservoir outlet
port; and

a valve adapted to receive fluid from the reservoir outlet port, the valve including a
multi-lumen member that has a first end coupled to the reservoir outlet port for receiving fluid

flow tfrom the reservoir and a second opposed end coupled to an outlet port for delivering fluid,
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the multi-lumen member being disposed within a valve housing having a restrictor member
extending there across between opposed sidewalls thereof, the restrictor member being adapted
to prevent fluid flowing from the reservoir from flowing therethrough and to selectively restrict
at least a portion of one or more lumens in the multi-lumen member to thereby adjust the flow

rate of fluid tlowing from the reservorr.

23. The implantable drug-delivery pump of claim 22, wherein the multi-lumen member

comprises a multi-lumen capillary tube.

24, The implantable drug-delivery pump of claim 22, wherein the valve 1s disposed within
the pump housing.
23. The implantable drug-delivery pump of claim 24, wherein the multi-lumen member

comprises a multi-lumen capillary tube that includes a first end coupled to the reservoir outlet
port for receiving fluid flow from the reservoir, and a second, opposed end coupled to a pump

outlet port for delivering fluid to a fluid-delivery catheter.

26. The implantable drug-delivery pump of claim 22, wherein the valve 1s disposed within
a fluid delivery catheter that is coupled to a pump outlet port formed 1n the pump housing and

adapted to receive fluid from the reservoir outlet port.

27. The implantable drug-delivery pump of claim 26, wherein the multi-lumen member
comprises a multi-lumen capillary tube that includes a first end coupled to the pump outlet port,

and a second, opposed end coupled to the fluid delivery catheter for delivering fluid to a patient.

28. The implantable drug-delivery pump of claim 22, wherein the multi-lumen member
comprises a multi-lumen capillary tube, and wherein the restrictor member comprises a flexible

membrane disposed adjacent to one of a first end or a second end of the capillary tube.

29. The implantable drug-delivery pump of claim 28, further comprising an actuator
mechanism for applying pressure to the flexible membrane to selectively restrict at least a portion

of one or more lumens in the capillary tube.

30. The implantable drug-delivery pump of claim 29, wherein the actuator mechanism

comprises a mechanical or electromechanical member.
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31. The implantable drug-delivery pump of claim 28, wherein the tlexible membrane 1s

expandable to selectively restrict at least a portion of one or more lumens 1n the capillary tube.

32. The implantable drug-delivery pump of claim 28, wherein the flexible membrane 1s
coupled to the valve housing to form a balloon-like structure such that the flexible membrane 1s

inflatable to selectively restrict at least a portion of one or more lumens in the capillary tube.

33. The implantable drug-delivery pump of claim 32, further comprising a hydraulic pump
coupled to the flexible membrane and effective to selectively inflate and/or detlate the flexible

membrane.

34, The implantable drug-delivery pump of claim 22, further comprising an orifice
disposed downstream of the valve and 1n fluid communication with the valve, the orifice
including a differential pressure sensor that 1s effective to measure the flow rate of fluid through

the orifice.

35. An implantable drug-delivery pump, comprising;:

a pump housing having a reservoir adapted to retain a fluid therein;

a pump 1nlet port formed 1n the pump housing for delivering fluid to the reservoir;

a reservolr outlet port formed in the pump housing and adapted to receive fluid from
the reservorr;

a driver mechanism effective to drive fluid from the reservoir to the reservoir outlet
port; and

a valve adapted to recerve fluid from the reservoir outlet port, the valve including a
multi-lumen member disposed within a valve housing and adapted to receive fluid flow in one
direction therethrough, the valve housing having a restrictor member extending there across
between opposed sidewalls thereof, the restrictor member being adapted to prevent fluid flowing
from the reservoir from flowing therethrough and to selectively restrict at least a portion of one
or more lumens 1n the multi-lumen member to thereby adjust the flow rate of fluid flowing from

the reservortr.

36. The implantable drug-delivery pump of claim 35, wherein the multi-lumen member
comprises a multi-lumen capillary tube, and wherein the restrictor member comprises a flexible

membrane disposed adjacent to one of a first end or a second end of the capillary tube.
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37. The implantable drug-delivery pump of claim 36, further comprising an actuator
mechanism for applying pressure to the flexible membrane to selectively restrict at least a portion

of one or more lumens 1n the capillary tube.

38. The implantable drug-delivery pump of claim 36, wherein the flexible membrane 1s

expandable to selectively restrict at least a portion of one or more lumens 1n the capillary tube.

39. The implantable drug-delivery pump of claim 35, further comprising an orifice
disposed downstream of the valve and in fluid communication with the valve, the orfice

including a differential pressure sensor that is effective to measure the flow rate of fluid through

the orifice.

40, The implantable drug-delivery pump of claim 35, wherein the valve 1s disposed within

the pump housing.

4]. The implantable drug-delivery pump of claim 35, wherein the valve is disposed within
a fluid delivery catheter that is coupled to a pump outlet port formed 1n the pump housing and

adapted to receive fluid from the reservoir outlet port.
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