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IMPLANTABLE INFUSION DEVICE WITH MULTIPLE
CONTROLLABLE FLUID OUTLETS

FIELD OF THE INVENTIONS

The present inventions relate generally to implantable infusion devices.

BACKGROUND OF THE INVENTIONS

Implantable infusion devices typically include a housing containing a
medication reservoir which can be filled transcutaneously by a hypodermic
needle penetrating a fill port septum. The medication reservoir is generally
coupled via an internal flow path to a device outlet port for delivering
medication through a catheter to a patient body site. Typical infusion devices
also include a controller and a fluid transfer mechanism, such as a pump or a
valve, for moving the medication from the reservoir through the internal flow
path to the device's outlet port. The use of such implantable infusion devices
has been well established in pain management, and therapies such as
diabetes control, where a single medication is delivered to a single body site.

In other therapies, it is desirable to deliver the same medication to two
different body sites, such as cisplatinum to the ovaries for ovarian cancer,
either at the same rate or at different rates. In yet other therapies, there is a
need to deliver two or more distinct medications to different body sites or to
the same site independently. For example, with some pain management
protocols, it is desirable to deliver morphine and clonidine to a patient's
intrathecal site. In certain cancer therapies, it may be desirable to deliver
multiple medications to multiple sites. As a further example, in diabetes
therapy, insulin and glucogon may be administered sequentially to lower or to

raise blood sugar respectively.

SUMMARY OF THE INVENTIONS
An implantable infusion device in accordance with one of the present
inventions includes a medication reservoir and at least two controllable fluid
transfer devices for respectively transferring first and second fluid flows to the
same or different body sites. Each fluid transfer device, such as a pump

mechanism or a valve mechanism, includes an inlet that may be coupled to a
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reservoir and an out}et that may be coupled to a catheter for delivering a
measured flow to a body site. Such an infusion device may be used to, for
example, deliver a single medication under different protocols to a single body
site, deliver a single medication to multiple body sites, deliver multiple
medications to multiple body sites, deliver multiple medications to a single
body site, simultaneously deliver multiple medications at different rates,
and/or deliver one medication at a constant rate and another medication at a
variable rate.

An implantable infusion device in accordance with one of the present
inventions includes a medication reservoir with two or more compartments.
Adjacent compartments, which may be used to store different fluids for
delivery to the same or different body sites, are separated by a pressure
transmissive partition so that they experience the same pressure. There are a
variety of advantages to such a device. For example, the use of a common
reservoir with two or more compartments saves space. Insuring that the
reservoirs remain at equal pressures obviates safety concerns that can be
associated with variations in pressure from one compartment to the other. The
use of a pressure transmissive partition also simplifies the overall design of
the infusion device because. More specifically, by maintaining one of
compartments at the desired pressure, the infusion device will actually
maintain all of the compartments at the desired pressure.

An implantable infusion device in accordance with one of the present
inventions includes multiple fluid transfer devices that are actuated by a
common actuator. Such a device is particularly advantageous because it
greatly reduces the amount of space within the device that must be dedicated

to the actuation of the fluid transfer devices.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A is a block diagram of an implantable infusion device in
accordance with one embodiment of a present invention.
Figure 1B is a block diagram of an implantable infusion device in
accordance with one embodiment of a present invention.
Figure 2 is a block diagram of an implantable infusion device in

accordance with one embodiment of a present invention.
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Figure 3 is a schematic plan view of an implantable infusion device in
accordance with one embodiment of a present invention.

Figure 4A is a schematic sectional view taken substantially along plane
4A-4A in Figure 3.

Figure 4B is a schematic sectional view similar to Figure 4A with an
alternate reservoir configuration.

Figure 4C is a schematic partial sectional view similar to Figure 4A with
an another alternate reservoir configuration.

Figure 5 is a schematic diagram of a pump head in accordance one

- embodiment of a present invention in a fluid intake position.

Figure 6 is a schematic diagram of a pump head in accordance one
embodiment of a present invention in a discharge position.

Figure 7 is a schematic diagram of a pair of fluid transfer devices with a
common actuator in accordance one embodiment of a present invention.

Figure 8 is a schematic diagram of a portion of a common actuator in
accordance one embodiment of a present invention.

Figure 9 is a schematic diagram of a portion of the common actuator
illustrated in Figure 8 in an actuation mode.

Figure 10 is a schematic side view of a portion of an infusion device in

accordance with one embodiment of a present invention.

DETAILED DESCRIPTION

As illustrated for example in Figure 1A, an implantable infusion device
20 in accordance with one embodiment of a present invention includes an
outer shell 22 enveloping an interior volume 24. A fluid reservoir 26, which is
defined within the internal volume 24, has a fill port 28 opening through the
outer shell 22. Fluid medication is supplied through the fill port 28 (e.g., via a
hypodermic needle) to the reservoir 26 for storage. The fluid reservoir 26 in
the illustrated embodiment supplies two separate fluid transfer devices. More
specifically, the fluid reservoir 26 includes a discharge port 30 that is coupled
to a first fluid transfer path 31 including a first fluid transfer device 32. The
discharge port 30 is also coupled to a second fluid transfer path 34 including a
second fluid transfer device 35. The first fluid transfer device 32 defines an

inlet 36 and an outlet 37. Similarly, the second fluid transfer device 35 defines
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an inlet 38 and an outlet 39. The outlets 37 and 39 open through the outer
shell 22 and are adapted to communicate with respective catheters for
delivering medication from the reservoir 26 to the same or different body sites.

The exemplary fluid transfer devices 32 and 35 are controllable
devices, such as selectively actuatable pumps and/or valve mechanisms,
which can be independently operated by a common controller 44, such as a
microprocessor, in accordance with different stored medication profiles, or
protocols, that are accessible by the common controller. Each such profile
can, for example, define delivery start times, delivery durations, delivery rates
and other parameters. Thus, the independent operation of two or more fluid
transfer devices allows the implantable infusion device 20 (as well as those
discussed below) to, for example, deliver a single medication under different
protocols to a single body site, deliver a single medication to multiple body
sites, deliver multiple medications to multiple body sites, deliver multiple
medications to a single body site, simultaneously deliver multiple medications
at different rates, and/or deliver one medication at a constant rate and another
medication at a variable rate, typically in accordance with a stored profile._The
fluid transfer paths 31 and 34 can additionallyy include various functional
components, such as a pressure regulator and/or sensor, to promote patient
safety and device efficacy, as is discussed in detail below in the context of the
embodiment illustrated in Figure 2.

As illustrated for example in Figure 1B, an implantable infusion device
50 in accordance with one embodiment of a present invention includes a
reservoir 52 having an interior partiton 54 forming first and second
compartments 56 and 58 which can store different first and second
medications. Compartments 56 and 58 include respective fill ports 60 and 62
which open through the device shell 63, and through which medications can
be supplied to fill the compartments. The compartments 56 and 58 are also
respectively provided with discharge ports 64 and 65, which are coupled to
respective fluid transfer paths 66 and 67. The fluid transfer paths 66 and 67
include the inlets 68 and 70 of fluid transfer devices 72 and 74. The fluid
transfer devices 72 and 74 also include outlets 76 and 78 that are adapted to
communicate through the device shell 63 with respective catheters for

delivering the first and second medications to the same or different body sites.
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As is discussed below with reference to Figure 2, the fluid transfer paths 66
and 67 may also include various functional components that promote patient
safety and device efficacy. The fluid transfer devices 72 and 74 are controlled
by a controller 80 to produce independent medication flows from outlets 76
and 78, where each such flow conforms to a stored delivery profile accessed
by the controller. .

One example of a suitable fluid transfer device is a pump mechanism
with a fluid chamber and a pump element mounted for movement between an
intake position for drawing fluid from the reservoir into the fluid chamber, and
a discharge position for discharging fluid from the chamber to an outlet. The
pump element can, for example, comprise a piston mounted for movement by
a controlled actuator. Examples of piston-based pumps are discussed below.
It should be noted, however, that piston-based pumps in accordance with the
present inventions are not limited to such examples, and that embodiments of
the inventions may include pumps that are not piston-based.

Turning to Figure 2, an implantable infusion device 100 in accordance
with one embodiment of a present invention includes a reservoir 119 having
an interior partition 120 forming first and second compartments 122 and 124
which can store different first and second medications. Compartments 122
and 124 include respective fill ports 126 and 128, which open through the
device shell 102 and through which medications can be supplied to fill the
compartments. The compartments 122 and 124 are also respectively provided
with discharge ports 131 and 133, which are coupled to respective fluid
transfer paths 144 and 160. The fluid transfer paths 144 and 160 include the
inlets 143 and 158 of fluid pumps 140 and 142. The fluid pumps 140 and 142
also include outlets 147 and 164 that are adapted to communicate through the
device shell 102 with respective catheters C1 and C2 for delivering the first
and second medications to the same or different body sites. The exemplary
fluid transfer paths 144 and 160 also include respective pressure regulators
146 and 162 which prevent overpressurization in the reservoir from impacting
the pumps or downstream fluid flow. Respective pressure sensors 152 and
170 are also provided for monitoring pressure to, for example, detect catheter
blockages or leaks. The fluid pumps 140 and 142 are controlled by a

controller 80 to produce independent medication flows from outlets 150 and
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168 via fluid passageways 148 and 166, where each such flow conforms to a
stored delivery profile accessed by the controller.

Figures 3 and 4A schematically depict a structural configuration of an
exemplary implantable infusion device 100, shown in block diagram form in
Figure 2, that can produce first and second independently controllable
medication outflows. The device 100 includes a housing or shell 102 with a
cup shaped lower member 104 and a detachable cup shaped upper, or cover,
member 106. The housing upper member 106 is shown with a dashed line in
Figure 4A and is omitted from Figure 3 for the sake of clarity. The housing
lower and upper members 104 and 106 are configured to mate with one
another to enclose a volume 108 for accommodating the components
depicted in Figure 2 together with a battery 109 or other suitable power
source. The exemplary housing 102, which is sized for implantation into a
human body, will typically be about 1 to 3 inches long and about 1 to 3 inches
wide (or 1 to 3 inches in diameter) and less than about 1.5 inches thick.

The lower housing member 104 in the exemplary impiantable infusion
device 100 includes an outer wall 110 with a stiff axially extending ring portion
112 and a cross wall portion 114 extending laterally across the bottom edge of
the ring portion. The top edge of the ring portion 112 supports, and is closed
by, a mounting board 116, e.g., a circuit board. Thus the housing member 104
defines a closed sealed volume 118 between the lower surface of mounting
board 116 and the interior surface of the lower housing cross wall portion 114.

The sealed volume 118 contains an interior partition 120 between a
first reservoir compartment 122 and a second reservoir compartment 124.
These compartments are intended to be suitably sealed so that they can
respectively accommodate and isolate different first and second medications
and/or different concentrations of the same medication, as discussed in
greater detail below.

In the exemplary embodiment illustrated in Figures 3 and 4A, first and
second fill ports 126 and 128 are supported on the mounting board 116. Each
fill port includes a self healing septum 130 which is accessible through cover
portion 106 for piercing by a hypodermic needle. The first fill port 126

communicates via passageway 132 with the first reservoir compartment 122.
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Similarly, the second fill port 128 communicates via passageway 134 with the
second reservoir compariment 124.

As illustrated for example in Figure 3, first and second fluid transfer
devices, such as pump heads 140 and 142 with an electromagnetic actuator
141 mounted on the board 116 between the pump heads, may be provided. In
the illustrated embodiment, the fluid inlet 143 (Figure 2) of pump head 140 is
coupled via a fluid passageway 144, which may include a pressure regulator
148, to the interior of the first compartment 122. The fluid outlet 147 (Figure 2)
of pump head 140 is coupled via a fluid passageway 148 to a first device
outlet port 150 adapted for coupling to a first catheter. The fluid passageway
148 may include a pressure sensor 152. In operation, actuation of the pump
head 140 transfers fluid from reservoir compartment 122 past pressure
regulator 146 and pressure sensor 152 to device outlet port 150. Port 150 is
preferably configured for coupling to catheter C1 for delivery to an internal
body site.

Similarly, the fluid inlet 158 (see Figure 2) of pump head 142 is
coupled via a fluid passageway 160, which may include a pressure regulator
162, to the interior of the second reservoir compartment 124. The fluid outlet
164 (see Figure 2) of pump head 142 is coupled via a fluid passageway 166
to a second device outlet port 168 adapted for coupling to a second catheter.
The fluid passageway 166 may include a pressure sensor 170. Actuation of
the pump head 142 acts to transfer fluid from reservoir compartment 124 to
device outlet port 168, through catheter C2, and to a body site.

Although fhe embodiment illustrated in Figures 3 and 4A includes
pump heads 140 and 142, which enable fluid to be transferred from a
reservoir compartment held at ambient or negative pressure, other types of
fluid transfer devices may be employed. For example, if the reservoir
compartments are held at a positive pressure, then the fluid transfer devices
could comprise controlled valves. The prior art shows various types of infusion
devices using positive pressure and negative pressure reservoirs for
medication delivery. The positive and negative pressures are typically
produced by suitable propellants, such as biphasic propellants.

In one exemplary embodiment, a negatively biased ambient pressure
reservoir of the type generally described in International Application WO
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2005/002642, published 13 January 2005, may be employed. The ‘642
application describes an infusion device in which a medication reservoir has a
movable wall which is exposed to ambient pressure. The reservoir is
configured with a bias device, such as a spring, for exerting a force to produce
a resultant interior pressure which is always negative with respect to the
ambient pressure.

Such a negatively biased ambient pressure is achieved in the
embodiment illustrated in Figures 3 and 4A by forming the lower housing
cross wall portion 114 of a flexible spring material biased to bow outwardly.
The outer surface of cross portion 114 is exposed to a positive ambient
pressure Fa which acts in a direction tending to collapse the cross portion
114. The inherent spring bias force Fg of the cross portion 114 acts in a
direction opposite to the ambient force Fa to produce an interior pressure in
compartment 124 equal to:

Pc = (Fa— Fg)/Area

The exemplary partition 120 illustrated in Figures 3 and 4A is formed of
a pressure transmissive material and, accordingly, is a pressure transmissive
partition. As a consequence, the interior pressure in compartment 122 will
equal the interior pressure in compartment 124, which will be negative with
respect to ambient pressure: acting against the exterior surface of cross
portion 114. In other words, the partition 120 performs the function of
equalizing the pressure within the compartments 122 and 124. The exemplary
partition 120 has a wavy bellows-like shape, or some other non-linear shape,
that allows the partition to adjust in size in response to volumetric changes
within the compartments 122 and 124 in such a manner that the pressure
transmissive material is not itself substantially stretched.

With respect to materials, examples of suitable pressure transmissive
materials include flexible impermeable polymeric films, i.e. flexible films that
do not diffuse solutes or liquids. Specific examples include polyvinylidene film,
polyvinylidene fluoride (PVDF) film, polyvinylidene chloride (PVDC) film,
polytetrafluoroethylene film such as Teflon® film, high density polyethylene

film, and fluoropolymer film such as Halar® film. The films will typically be
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about 0.002 inch thick, but the actual thickness will depend on the material
employed and the intended application.

An alternative reservoir configuration is illustrated in Figure 4B. Here,
the reservoir includes three compartments. A first reservoir compartment 122
is separated from a second reservoir compartment 124 by a first pressure
transmissive partition 120, and a third reservoir compartment 125 is separated
from the second reservoir compartment 124 by a second pressure
transmissive partition 121. It should be appreciated that the reservoir can be
configured with still additional compartments to suit the intended application.
Moreover, it should be understood that since the multiple compartments are
exposed to the same pressure, the pressure source, e.g., propellant or
ambient pressure, can be associated with any one of the compartments.

As noted above, positive and negative reservoir pressures may be
produced by a suitable propellant. One example of an implantable infusion
device with a propellant based pressurization arrangement is generally
represented by reference numeral 100’ in Figure 4C. The implantable infusion
device 100" is substantially identical to the implantable infusion device 100
illustrated in Figures 3 and 4A and similar elements are represented by similar
reference numerals. Here, however, the lower member 104’ of the shell 102’
does not include the aforementioned flexible cross-wall portion. Instead, an
reservoir enclosure 111 with titanium bellows is positioned within the sealed
volume 118, and a pressure transmissive partition 120 is positioned within the
reservoir enclosure. The pressure transmissive partition 120 divides the
reservoir within the reservoir enclosure 111 into a first reservoir compartment
122 and a second compartment 124. The remainder of the sealed volume 118
is occupied by propellant P, which may be used to exert positive or negative
pressure on the reservoir enclosure 111. Here too, the pressure within the first
and second compartments 122 and 124 will be equalized by the pressure
transmissive partition 120.

Turning to Figures 5 and 6, an exemplary pump head 1‘80 has a fluid
intake (rest) position and a fluid discharge (actuated) position. The pump head
180 may, for example, be used as the pump head 140 and/or the pump head
142 described above with reference to Figures 3 and 4. The pump head 180

may be actuated by a variety of different actuators. One such actuator is the
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common actuator 250, which is discussed in detail below with reference to
Figure 7 and includes the hammer 220 illustrated in Figures 5 and 6.
Alternatively, in those instances where two or more pump heads are
employed, each pump head may be paired with its own individual actuator, if
desired.

The exemplary pump head 180 includes a block 182 defining a bore
183 extending inwardly from block end face 184. The bore 183 includes an
inlet chamber 185 leading into a piston channel 186. A fluid intake port 187
opens into piston channel 186 from a passageway 190 coupled to a fluid
source, e.g., reservoir compartment 122. Channel 186 is configured to open
into a reduced channel outlet port 192. A piston 194 is mounted in channel
186 for reciprocal linear movement, i.e. from the quiescent intake (rest)
position illustrated in Figure 5 to the actuated discharge position illustrated in
Figure 6, and back to the intake (rest) position. The clearance space 195
between the piston 194 and the piston channel 186 should be minimized to
insure efficient and consistent fluid vdlume discharge per stroke. The piston
194 has a strike end 198 (at the right as viewed in Figure 5) and a pressure
end or face 200 (at the left). The strike end 198 in the illustrated embodiment
includes a reduced diameter strike pin portion 202 extending from a greater
diameter energy transfer portion 203. The portions 202 and 203 are retained
by a spring diaphragm 210 which seals the bore 183. The piston 194 has a
flange 204 carrying a ball portion 205 aligned with energy transfer portion 203.
A return spring 208 bears against the left face of flange 204 urging it to the
right to engage portions 203 and 205. The spring diaphragm 210 assists in
centering the piston body 206 in channel 186 and establishing the quiescent
intake (rest) position of the piston 194.

A pump chamber 213 is defined between the piston pressure face 200
and the channel outlet port 192. An elastomeric check valve element 212,
normally urged closed by spring 214, is mounted between channel outlet port
192 and the pump head outlet 216.

In one exemplary implementation of the pump head 180, the pump
chamber volume is approximately 0.25 microliters. When actuated by the
hammer 220 axially striking the free end 217 of the sirike pin portion 202,
piston pressure face 200 moves approximately 0.20 millimeters within

10
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approximately 2 milliseconds or less to force a fluid volume (stroke volume) of
approximately 0.25 microliters out through port 192 to the pump head outlet
216. To optimize the transfer of energy from hammer 220 to pin portion 202, it
is preferable to provide a small gap 231 between the hammer 220 and the
strike pin portion 202 to build up kinetic energy. The gap 231 can be adjusted
by including a stroke adjustment shim 222 which can be variably positioned
along the portion 202 for engaging stop surface 224.

More particularly, assume that the pump head 180 is initially in the
quiescent intake (rest) position depicted in Figure 5. In this position, fluid from
the reservoir compartment 122 fills passageway 190 and, via port 187, the
bore 183 including inlet chamber 185, the clearance space 195 surrounding
piston 194, and the pump chamber 213. When the pump head 180 is actuated
such that hammer 220 drives piston 194 from the position illustrated in Figure
5 to the position illustrated in Figure 6, the pressure face 200 forces pump
chamber fluid through channel outlet port 192 and past valve element 212 to
pump head outlet 216. The clearance space 195 is minimized (e.g.,
approximately 5.0 microns or less) so that most of the fluid in the pump
chamber 213 is forced out through outlet port 192 with only a small portion
moving back though the clearance space 195 to passageway 190 and the
reservoir compartment 122.

As should be appreciated, the axial hammer force required to actuate
the pump head, i.e. to move the piston 194 from the position illustrated in
Figure 5 to the position illustrated in Figure 6, must transfer sufficient energy
to:

1) Deflect diaphragm 210,

2) Compress return spring 208,

3) Compress valve spring 214, and

4) Overcome head pressure at the pump head outlet 216 which

can, for example, include some degree of occlusion in a
downstream catheter.
Also, the return spring 208 and diaphragm 210 must provide a sufficient axial
restoration force to return the piston 194 from the discharge (actuated)
position illustrated in Figure 6 to the intake (rest) position illustrated in Figure

5 once the hammer force has terminated.

11
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The axial force applied to strike pin 202 to actuate the pump head 180
can be produced by various mechanisms. One example of a such a
mechanism is a common actuator 250 illustrated in Figure 7. The common
actuator 250, which includes the aforementioned hammer 220, may be used
to actuate a pair of pump heads 180.

As used herein, a “common actuator” is a single device that can be
associated with a plurality of pump heads or other fluid transfer devices and
actuated in more than one actuation mode to independently drive (or not
drive) each of the fluid transfer devices. More specifically, a common actuator
that is used in combination with a first and second fluid transfer devices may
have a first actuation mode that actuates the first fluid transfer device to
discharge fluid while the second fluid transfer device remains unactuated, a
second actuation mode that causes the second fluid transfer device to
discharge fluid while the first fluid transfer device remains unactuated, and a
neutral mode. The term “neutral mode” describes a state where common
actuator (or a portion of the common actuator) is in a position or condition that
results in both fluid transfer devices remaining unactuated. In the exemplary
context of the pumb heads, a common actuator that is used in combination
with first and second pump heads may have a first actuation mode that drives
the first pump head to discharge fluid while the second pump head remains in
the intake position, a second actuation mode that drives the second pump
head to discharge fluid while the first pump head remains in the intake
position, and a neutral mode that allows both pump heads to remain in their
respective intake positions. An actuation cycle occurs when the common
actuator transitions from the neutral mode to the first (or second) actuation
mode and back to the neutral mode. Depending on the desired actuation rate,
the common actuator may remain in the neutral mode at the end of the
actuation cycle for a predetermined period before beginning the next actuation
cycle. Alternatively, at the end of an action cycle, the common actuator will
immediately begin the next actuation cycle.

A common actuator may be used to drive different pump heads (or
other fluid transfer devices) at the same rate or at different rates. With respect
to driving the pump heads at the same rate, this may be accomplished by

simply alternating between the first and second modes, with or without pauses
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in the neutral mode between each actuation cycle or between some
combination of actuation cycles. Different pump head driving rates may be
accomplished by actuating one pump head more frequently than the other.
For example, the common actuator could be operated such that the first
actuation mode occurs twice for each occurrence of the second actuation
mode. Another exemplary actuation regimen is useful in those instances
where one medication is dispensed at a regular interval (or constant rate) and
another medication is dispensed at a variable rate, e.g. in response to a
predetermined bodily condition or patient request. Here, the common actuator
could be actuated in the first actuation mode at the regular interval and only
actuated in the second actuation mode in response to the predetermined
bodily condition or patient request.

Referring again to Figure 7, and although common actuators are not so
limited, one example of a common actuator that may be used to actuate first
and second pump heads 180a and 180b, which are identical to pump head
180 and shown here in simplified form, is the common actuator 250. In the
first actuation mode, the hammer 220 is linearly driven in a first direction to
actuate the first pump head 180a and, in the second actuation mode, the
hammer is linearly driven in a second direction to actuate the second pump
head 180b. The second pump head 180b will remain in the intake position
during the first actuation mode, while the first pump head 180b will remain in
the intake position during the second actuation mode. The common actuator
250 also has a neutral mode, where neither of the pump heads 180a and
180b are actuated. The common actuator 250 is shown in the neutral mode in
Figure 7.

The hammer 220 in the illustrated embodiment is a rod of magnetic
material (i.e. an armature) that is suspended by spring mounts 232. The
hammer 220 also extends axially through a fixedly positioned coil winding
234. In the first actuation mode, current is driven through the coil winding 234
in one direction and the resulting electromagnetic force propels the hammer
220 in the first direction against the strike pin 202 of pump head 180a. The
spring mounts 232 will return the hammer 220 to the neutral position when
current flow ends (e.g. about 20-100 milliseconds after it begins in some

embodiments), thereby completing the actuation cycle. Current is driven
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through the coil winding 234 in the opposite direction in the second actuation
mode. The resulting electromagnetic force propels the hammer 220 in the
second direction against the strike pin 202 of pump head 180b. Here too, the
spring mounts 232 will return the hammer 220 to the neutral position when
current flow ends. The current driven through the coil winding 234 may be
controlled by a suitable controller such as, for example, the controller 44
(Figure 1) or the controller 80 (Figure 2).

The common actuator illustrated in Figure 7 is merely one example of
a common actuator that may be used to selectively drive two or more fluid
transfer devices. With respect to those which employ electromagnetic force to
selectively drive a hammer, one alternative is a moving coil actuator. Here, a
magnet is held in a fixed position and a coil moves relative thereto. A hammer
is carried by the coil, or individual hammers may be carried at opposite ends
of the coil, for movement with the coil. Another alternative is illustrated in
Figures 8 and 9. Here, instead of the aforementioned spring mounts 232, the
common actuator 250’ (which is otherwise identical to actuator 250), includes
resilient membranes 233 (only one shown in Figures 8 and 9) or other resilient
devices that are positioned over the longitudinal ends of the hammer 220. The
resilient membranes 233 perform the same functions as the spring mounts
232. More specifically, when the current induced electromagnetic force that
drives the hammer 220 from the position illustrated in Figure 8 to the strike
position illustrated in Figure 9, and stretches the membrane 233 is removed,
the membrane will drive the hammer back to the position illustrated in Figure
8.

Another exemplary common actuator that may be used to selectively
actuate first and second fluid transfer devices is generally represented by
reference numeral 252 in Figure 10. Although the common actuator 252 may
be used in combination with a variety of fluid transfer devices, pump heads
180a and 180b are shown for purposes of illustration. The actuator 252, which
is in its neutral mode orientation in Figure 10, includes first and second
piezoceramic disks 254 and 256 that are carried by a flexible diaphragm 258.
The piezoceramic disks 254 and 256 carry hammers 260 and 262. In the first
actuation mode, a voltage is applied across the piezoceramic disk 254,

thereby causing the disk to bend in the first direction (i.e. to the left in Figure
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10). The hammer 260 will, in turn, strike the strike pin 202 of the pump head
180a and drive the associated piston to the discharge position. The
piezoceramic disk 254, as well the remainder of the common actuator 252,
will return to the neutral mode illustrated in Figure 10 when the voltage is
removed. Similarly, in the second actuation mode, a voltage is applied across
the piezoceramic disk 256, thereby causing the a disk to bend in the second
direction (i.e. to the right in Figure 10). The hammer 262 will, in turn, strike the
strike pin 202 of the pump head 180b and drive the associated piston to the
discharge position.

Other piezo-type common actuators may also be employed. By way of
example, a single piezoceramic disk that bends in opposite directions based
on the polarity of the applied voltage, and has unbent neutral state, may be
carried on the flexible diaphragm 258 in place of the disks illustrated in Figure
10. Cantilevered piezo elements, which are another alternative, eliminate the
need for the flexible diaphragm. Additionally, in any piezo-type common
actuator, the hammer(s) may be eliminated so that a piezoceramic element
strikes the strike pin 202 or the corresponding portion of some other fluid
transfer device. Piezo-type common actuators may also be employed in those
instances where the fluid transfer devices are microelectromechanical system
(MEMS) based pumps or valves.

Common actuators that may be used to selectively actuate a plurality
of fluid transfer devices are not limited to those which move linearly back and
forth. For example, rotary cam actuators that have, for example, left, right and
neutral positions may be employed. An actuator that relies on the heat
triggered expansion of a gas, such as air, may also be used as common
actuator for selectively actuating two or more fluid transfer devices.

Although the inventions disclosed herein have been described in terms
of the preferred embodiments above, numerous modifications and/or
additions to the above-described preferred embodiments would be readily
apparent to one skilled in the art. By way of example, but not limitation, in
some applications it may be desirable to utilize a single pump mechanism and
an appropriate valve arrangement to produce controlled fluid flows from

multiple reservoir compartments. The inventions also include any combination

of the elements from the various species and embodiments disclosed in the
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specification that are not already described. It is intended that the scope of the
present inventions extend to all such modifications and/or additions and that
the scope of the present inventions is limited solely by the claims set forth

below.
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We claim:

1. An infusion device configured for implantation in a patient's
body, the infusion device comprising:

a housing;

a reservoir mounted in the housing and configured to contain at
least one fluid medication;

a first fiuid transfer device mounted in the housing actuatable to
transfer a first fluid flow from a first fluid inlet coupled to the reservoir to a first
fluid outlet;

a second fluid transfer device mounted in the housing actuatable
to transfer a second fluid flow from a second fluid inlet coupled fo the reservoir
to a second fluid outlet;

a common actuator associated with the first and second fluid
transfer devices such that the common actuator actuates the first fluid transfer
device when in a first actuation mode, actuates the second fluid transfer
device when in a second actuation mode, and does not actuate the first and
second fluid transfer devices when in a neutral mode; and

a controller mounted in the housing that controls the common

actuator.

2. The infusion device of claim 1 wherein the first fluid transfer
device comprises a first pump mechanism.

3. The infusion device of claim 1 wherein the first fluid transfer

device comprises a valve mechanism.

4. The infusion device of claim 1 wherein
the first fluid transfer device includes a first fluid chamber and a
first pump element mounted for movement between an intake position and a
discharge position; and
the common actuator is configured to move the first pump

element to the discharge position when in the first actuation mode.
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5. The infusion device of claim 1 wherein
the first fluid transfer device comprises a first fluid chamber and
a first piston mounted for reciprocal linear movement between an intake
position and a discharge position; and
the second fluid transfer device comprises a second fluid
chamber and a second piston mounted for reciprocal linear movement

between an intake position and a discharge position.

6. The infusion device of claim 5 wherein the common actuator is
configured to move the first piston to its discharge position when in the first
actuation mode and is configured to move the second piston to its discharge
position when in the second actuation mode.

7. The infusion device of claim 5 wherein the common actuator
includes a linearly movable member that is configured to move in a first
direction during the first actuation mode to move the first piston to its
discharge position and is configured to move in a second direction during the

second action mode to move the second piston to its discharge position.

8. The infusion device of claim 5 wherein the common actuator
comprises an electrically powered actuator with an armature that is driven in a
first direction during the first actuation mode to move the first piston to its
discharge position and is driven in a second direction during the second

actuation mode to move the second piston to its discharge position.

9. The infusion device of claim 1 wherein the housing defines at

least one fill port coupled to the reservoir.

10. The infusion device of claim 1 wherein the controller includes
electronic circuitry for specifying a first fluid flow delivery schedule and for

controlling the common actuator in accordance with the schedule.

18



AOON -

N o o R W DN =

N OO O A WODN -

—

WO 2006/127923 PCT/US2006/020289

11.  The infusion device of claim 1 wherein the controller is adapted
to operates the common actuator to actuate the first fluid transfer device at a

constant rate and actuate the second fluid transfer device a variable rate.

12.  The infusion device of claim 1 wherein the controller includes
electronic circuitry for specifying first and second fluid flow delivery schedules
and for controlling the common actuator in accordance with the first and

second schedules.

13.  The infusion device of claim 1 wherein
the reservoir includes at least first and second reservoir
compartments;
the first fluid inlet is coupled to the first reservoir compartment;
and
the second fluid inlet is coupled to the second reservoir
compartment.

14. The infusion device of claim 13 wherein the first fluid transfer

device comprises a pump mechanism.

15. The infusion device of claim 13 wherein the first fluid transfer

device includes a valve mechanism.

16.  The infusion device of claim 13 wherein
the first fluid transfer device comprises a first fluid chamber and
a first piston mounted for reciprocal linear movement between an intake
position and a discharge position; and
the second fluid transfer device comprises a second fluid
chamber and a second piston mounted for reciprocal linear movement

between an intake position and a discharge position.

17.  The infusion device of claim 16, wherein the common actuator
comprises an electrically powered actuator with an armature that is driven in a

first direction during the first actuation mode to move the first piston to its
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discharge position and is driven during a second direction in the second

actuation mode to move the second piston to its discharge position.

18. The infusion device of claim 13 wherein the reservoir includes a
pressure transmissive interior partition between the first and second reservoir
compartments configured to equalize pressure within the first and second

reservoir compartments.

19.  The infusion device of claim 18 further comprising
means for producing a reference pressure internal to the

reservoir compartments.

20. The infusion device of claim 19 wherein the reference pressure

is negative with respect to ambient pressure.

21. The infusion device of claim 13 wherein the housing includes
first and second fill ports respectively coupled to the first and second reservoir

compartments.

22. The infusion de\)ice of claim 13 wherein the housing includes
first and second outlet ports adapted to be coupled to first and second

catheters.

23. The infusion device of claim 13 wherein the housing includes
first and second outlet ports adapted to be coupled to catheter means for
delivering the first fluid flow to a first body site and the second fluid flow to a

second body site different from the first body site.

24. The infusion device of claim 1 wherein the common actuator
comprises an electrically powered actuator with an armature that is driven in a
first direction during the first actuation mode and is driven in a second

direction during the second actuation mode.

25. The infusion device of claim 1 wherein the common actuator

comprises a piezo element that is configured to deflect in a first direction
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during the first actuation mode and is configured to deflect in a second

direction during the second actuation mode.

26. An infusion device configured for implantation in a patient’s
body, the infusion device comprising:

a housing;

a reservoir in the housing including at least first and second
reservoir compartments;

a pressure transmissive interior partition between the first and
second reservoir compartments configured to equalize pressure within the
first and second reservoir compartments;

a first fluid transfer device operably connected to the first
reservoir compartment and to a first fluid outlet;

a second fluid transfer device operably connected to the second
reservoir compartment and to a second fluid outlet; and

a controller that controls at least one of the first and second fiuid

transfer devices.

27. The device of claim 26 wherein the reservoir includes a

propellant that produces a consistent positive pressure.

28. The device of claim 26 wherein the reservoir includes a
propellant that produces a consistent negative pressure.

29. The device of claim 26 wherein the reservoir includes a pressure
transmissive outer wall configured to negatively bias the pressure in the

compartments relative to the ambient pressure.

30. The device of claim 26 further comprising
a third reservoir compartment; and
a pressure transmissive interior partition between the second
and third reservoir compartments configured to equalize pressure within the

second and third reservoir compartments.
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31. An infusion device configured for implantation in a patient’s

body, the infusion device comprising:

a housing including first and second fluid outlets;

a reservoir mounted in the housing and configured to contain a
fluid;

a first fluid transfer device operably connected to the reservoir
and to the first fluid outlet;

a second fluid transfer operably connected to the reservoir and
to the second fluid outlet;

means for controlling the first fluid transfer device to deliver fluid
from the reservoir to the first fluid outlet at a first rate and the second fluid
transfer device to deliver fluid from the reservoir to the second fluid outlet at a

second rate.

32.  The infusion device of claim 31 wherein
the reservoir includes at least first and second reservoir
compartments;
the first fluid transfer device is operably connected to the first
reservoir compartment; and
the second fluid transfer device is operably connected to the
second reservoir compartment.

33. The infusion device of claim 31 further comprising
a pressure transmissive interior partition between the first and
second reservoir compartments configured to equalize pressure within the
first and second reservoir compartments.

34. The infusion device of claim 31 wherein at least one of the first

and second fluid transfer devices comprises a pump mechanism.

35. The infusion device of claim 31 wherein at least one of the first

and second fluid transfer devices comprises a valve mechanism.

22



PCT/US2006/020289

WO 2006/127923

[
0L f
3oiaaa (L
S T | |
L ¥3JSNVHL

7 a3 #49 “
8. r 26 85 |
L ps )

m .Euﬂ.w@m%ow e
¥

w HITIONINOD g9 L ..ao; th R m mmm
~ - be- INFWLAVANOD |1
i f ﬂ
, o8 po” L | ‘09
R = |
)
ww\w\ 7 /mm ° ”
i A }
b e e s et e e e e o e e e ot e s e o -
~-g9
T os

3OIA3d
HIJSNVHL
a4

ge” %

d3TI0HLNOD

20}
\Y

HIOANISTY

by

JJUAZQ
HIJSNVY.L
a4

S i st et o o o it ot Ao oot o, ot tot, oot Do omms i A ot i o it o

|

/,mw

-

3
o
N

A

b e



PCT/US2006/020289

WO 2006/127923

215

[T T T T T e T e e e e s e e e e -
| |
| }
dWnd |
YILIHLIVYD \ v ain4 |
No\ go1’ | 931 ac) \ g8c! _
“ 2bl ,_
_ HOSN3S HOLYINO3N
1 3UNSSIN 3HNSSI £l m&.m_ N
| — \
azl
L on / 201/ NI LYoo LT
| o9t aNOD3S  [—1—
| YITIOMLINOD . L i AT —— ]
e
m " INIWLNVINOOL. 1
1 \ 144 ST/ R e—
w o8 UlorugsIn \ | 99!
W HOSN3S HO1VINO3Y i
i 3UNSSIYA J¥NSS3Ud 1] 2210 |
m |
| 2s ¥ . obl / |
L dWnd I
HILIHIVO — bphehy S |
\ og! \ | \epl vl ~ £l |
L9 | ol ,
llllllllllll T T T e e e e e e
T-201



PCT/US2006/020289

WO 2006/127923

3/5

60|

Ve gz

4.

08l
rAd!

agl

291
Odi

891

‘¢ blo

17472
o2t
S___ &) -1
fr ; «v.vm
9bi
) Ot
O Bl U g,
4 AL oGt :
~ li\__\\ /r/ . \\\\ 06l
-’ N
[§74]



PCT/US2006/020289

WO 2006/127923

4/5

\wm

061~

g8l
eze
202

oge
12

‘96l

NOILISOd{Q3LYN.LOV) 39U VHOSIA

@
o

/ / ~2 081
S NP

oz

£8l

/mm” /

02 \pg 002

‘¢ bl

NOILISOd (1S3 ) 3MYLNI

98l
_-06l ¢ 778l

gl Sl / . c1g
222 - m i




PCT/US2006/020289

WO 2006/127923

5/5

€ec

se. e =
AN

0G¢ 06¢

v61

0cc



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

