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(57) Abstract: The present invention
includes systems and methods for medical
fluid delivery. Such system may comprise
a fluid flow path for communication between
a fluid source and a patient. A flow valve
is operatively associated with the path and
movable between a first position, which allows
fluid flow through the path, and a second
position, which limits fluid flow through
the path. A control module is operatively
associated with the valve to move the valve
between the first and second positions in
response to a measured actual fluid flow
rate in the path. Such method may comprise
flowing a fluid through a fluid flow path
between a portable fluid source and a patient;
determining an actual fluid flow rate through
the path; and changing the actual fluid flow
rate in response to a difference between the
actual fluid flow rate and a desired fluid flow
rate. Such method may further include a
plurality of settings for a desired flow rate
according to a sensed pain level of the patient.
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APPARATUS FOR A FLUID DELIVERY SYSTEM WITH CONTROLLED FLUID FLOW RATE

BACKGROUND
[0001] This invention generally relates to a parenteral medical fluid delivery
system and its method of use.
[0002] It is common to parenterally administer or infuse medical liquids of

various types to patients for therapeutic treatment, pain management and/or other
reasons. The liquid or fluid may include a pharmaceutically active agent or drug,
saline, nutritional fluid or other liquids. Such an infusion system may deliver fluid to
the patient through a disposable flow circuit over a selected time period according to
a programmed flow rate, or flow profile. While it is common for such infusion to be
performed in a hospital environment where the patient is largely confined to a bed, if
the infusion occurs over a long time period, it may be more convenient for the
infusion be performed while the patient remains ambulatory.

[0003] In ambulatory as well as other medical fluid infusion systems, it is
desirable for the flow rate to be accurate over the entire infusion period for
administration of the prescribed amount of drug, medication or other medical fluid.
However, certain prior art systems experience a change or reduction in the fluid flow
rate as the amount of fluid in the source, e.g., a bag or other container, is exhausted.
[0004] In managing postoperative pain which has a dynamic profile it is
desirable to administer pain medication in a manner which targets this dynamic
profile without requiring rate adjustments by the attending health care giver.
Allowing such a targeted delivery allows for a decrease in a local anesthetic and

global dose with the same analgesic result that likely results in less muscle and
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nerve toxicity due to the drug.. This reduces the frequency with which the source of
the anesthetic drug needs to be replenished such as by switching out medication
containers. Reducing this frequency reduces patient concerns.

[0005] Also, infusion systems are often used with fluids of differing viscosity,
which further complicates the ability of the system to administer the desired flow rate
of a given fluid. Calibration or design of a system to work with a certain average
viscosity results in a variation when the fluid being administered has a different
viscosity. To achieve a more accurate measure of the flow rate, certain prior art
infusion systems require that the viscosity of the administered fluid be entered by the
user into an infusion control system. However, this may be inconvenient or subject
to error in the event viscosity is not known or available to user or, even if known, may
not be accurate due to changes in temperature of the fluid in the system.

[0006] Also, prior art ambulatory infusion systems may not provide monitoring
and adjustment of the actual flow rate during a particular fluid delivery therapy. For
example, such systems generally may not allow the actual flow rate to be adjusted
during a fluid delivery therapy as desired for a particular patient. Such control may
be particularly useful in situations where the flow rate needs to be adjusted from time
to time, such as in a system for administering pain control medication where the flow
rate needs to change according to a level of pain being experienced by the patient.
This is especially true for perineural and epidural local anesthetic infusions.

[0007] Prior art ambulatory infusion systems further typically limit the ability of
the patient to change or vary the flow rate of fluid delivery during a fluid delivery
therapy. For example, a patient may need to slow or stop fluid delivery if the patient

has an adverse reaction to the delivery fluid. Alternatively, the patient may require
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fluid delivery to be increased such as in a pain management therapy in response to
pain that is sensed by the patient.

[0008] The factors described above make it evident that there are still unmet
needs in the field of medical fluid administration for systems and methods that
address one or more of the above-stated or other shortcomings.

Summary of the Invention

[0009] In one aspect of the present invention, a medical fluid delivery system
may be provided, which may comprise a fluid flow path for communication between a
fluid source and a patient. A flow valve may be operatively associated with the fluid
flow path. Such valve may be movable between a first position, which allows fluid
flow through the path, and a second position, which limits fluid flow through the path.
A control module may be operatively associated with the valve to move the valve
between the first and second positions in response to a measured actual fluid flow
rate in the fluid flow path.

[00010] In a second aspect of the present invention, an ambulatory medical
fluid delivery system may be provided. Such system may comprise a fluid flow path
for communication between a portable fluid source and a patient. A flow valve may
be operatively associated with the fluid flow path and may be movable between a
first position, which allows fluid flow through the path, and a second position, which
limits fluid flow through the fluid flow path. A control module may be operatively
associated with the valve to move the valve between the first and second positions in
response to a measured actual fluid flow rate in the fluid flow path.

[00011] In a third aspect of the present invention, a method may be provided

for controlling medical fluid flow in an ambulatory fluid delivery system. Such method
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may comprise flowing a fluid through a fluid flow path between a portable fluid
source and a patient. Such method may also comprise determining an actual fluid
flow rate through the fluid flow path. Further, such method may comprise changing
the actual fluid flow rate in response to a difference between the actual fluid flow rate
and a desired fluid flow rate.

[00012] In a fourth aspect of the present invention, a control system for
controlling medical fluid flow in an ambulatory fluid delivery system may be provided.
Such control system may comprise at least one flow control signal generator for
generating a first flow control signal responsive to a measured actual flow rate in an
ambulatory fluid delivery system. Such control system may also comprise a
microprocessor adapted to compare the measured actual flow rate to a desired flow
rate and to generate a second flow control signal in response to a sensed difference
between the actual flow rate and the desired flow rate.

[00013] In a fifth aspect of the present invention, an ambulatory medical fluid
delivery system may be provided. Such system may comprise a fluid flow path for
communicating between a source and a patient and a reusable controller operable to
control fluid flow in the fluid flow path. Such controller may include a module
interface station. The system also may comprise a disposable fluid flow delivery set
including a flow control module adapted to be removably received by the module
interface station of the reusable controller. Such flow control module may include a
flow valve which is operably associated with the fluid flow path. Such valve may be
operably controlled by the reusable controller in response to sensed flow rates of

fluid flow in such fluid flow path.
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[00014] In a sixth aspect of the present invention, an ambulatory reusable
controller may be provided for use with a disposable medical fluid flow delivery set.
Such disposable set may include a fluid flow path and a flow control module, which
includes a flow valve associated with the fluid flow path. Such reusable controller
may comprise a module interface station for removably receiving the flow control
module. The reusable controller may also include a microprocessor operably
associated with the module interface station to control movement of the valve
between a first position, which allows fluid flow through the path, and a second
position, which limits fluid flow through the path. Such reusable controller may also
be operable to control fluid flow in the fluid flow path by controlling movement of the
valve in response to a sensed actual flow rate in the fluid flow path.

[00015] In a seventh aspect of the present invention, a differential pressure
sensing device may be provided for sensing fluid flow. Such sensing device may
comprise a housing, and a pressure sensor having opposed sides and carried within
the housing. The sensing device also may comprise a flow restrictor carried within
the housing, and a flow path defined through the housing. Such flow restrictor
defines a reduced flow area of the flow path. One side of the pressure sensor may
be in pressure communication with the flow path at a first position, and the other side
of the pressure sensor may be in pressure communication with the flow path at a
second position spaced from the first position. Such flow restrictor may be disposed
in the fluid path between the first and second positions, wherein the pressure sensor
can sense the pressure difference in the flow path across the flow restrictor.

[00016] In an eighth aspect of the present invention, a flow valve may be

provided for controlling medical fluid flow in a fluid flow path. Such valve may
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comprise a flow control member that is movable between a first position, which
allows fluid flow through the path, and a second position, which limits fluid flow
through the path. Such valve also may comprise an actuator including a shape
memory material, which is operable to control movement of the flow control member
between the first and second positions in response to a change in temperature of the
shape memory material.  Such system may further include a controller operable to
selectively supply electrical current to the shape memory material for such change in
temperature to move the flow control member to said one of the first and second
positions and to sustain the flow control member in said one of the first and second
positions during at least one selected period when electrical current is stopped.
[00017] In a ninth aspect of the present invention, a disposable medical fluid
delivery set may be provided for use with a reusable controller for controlling medical
fluid flow. Such disposable set may comprise a fluid flow path, and a valve that is
operatively associated with the fluid flow path. Such valve includes a shape memory
material, which is operable to control movement of the valve between a first position,
which allows fluid flow through the path, and a second position, which limits fluid flow
through the path.  Such set may further include a flow sensor for sensing a
characteristic indicative of an actual fluid flow rate in the fluid flow path and
communicating with the reusable controller to control movement of the valve
between the first and second positions in response to a sensed difference between
the actual flow rate and a desired flow rate.

[00018] In a tenth aspect of the present invention, a flow valve may be provided
for controlling medical fluid flow. Such valve may comprise a fluid flow path. Such

valve also may comprise a flow control member that is pivotably movable between a
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first position, which allows fluid flow through the path, and a second position, which
limits fluid flow through the path. Such valve may further include a biasing member
that is operatively associated with the flow control member to bias the valve to one of
the first and second positions. An actuator including a shape memory material is
operable to move in opposition to the biasing member so as to move the flow control
member to the other of the first and second positions in response t0 a change in
temperature of the shape memory material.

[00019] In an eleventh aspect of the present invention, a method may be
provided for controlling medical fluid flow in an ambulatory fluid delivery system.
Such method may comprise flowing fluid through a fluid flow path. Such method
may also comprise providing a valve operably associated with the fluid flow path
including a shape memory material, which is operable to control movement of the
valve between a first position, which allows fluid flow through the path, and a second
position, which limits fluid flow through the path in response to a change in
temperature. Such method may further comprise moving the valve between the first
and second positions by changing temperature of the shape memory material to
control an actual fluid flow rate through the fluid flow path.

[00020] In a twelfth aspect of the present invention, a medical fluid delivery
system may be provided for determining viscosity of a fluid. Such system may
comprise a fluid flow path for communicating between a source and a patient. Such
system also may include a fixed flow restriction in the fluid flow path and a flow valve
operatively associated with the fluid flow path upstream of the fixed flow restriction.
Such valve may be movable between a first position, which allows fluid flow through

the path, and a second position, which limits fluid flow through the fluid flow path. A
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control module may be operatively associated with the fluid flow path for sensing a
fluid pressure difference within the fluid flow path at a selected location upstream of
the flow restriction when the valve moves from the first position to the second
position and for determining viscosity of the fluid based at least in part on such fluid
pressure difference.

[00021] In a thirteenth aspect of the present invention, a method may be
provided for determining the viscosity of a fluid within a fluid flow path. Such method
may comprise flowing fluid through the fluid flow path and past a fixed flow restriction
therein. The method may also comprise first sensing of a fluid pressure within the
fluid flow path at a selected location upstream of the flow restriction. The method
may also include limiting fluid flow in the fluid flow path upstream of such selected
location. The method may further comprise second sensing of a fluid pressure within
the fluid flow path at such selected location after such limiting. Such method
includes determining the viscosity of the fluid based, at least in part, on any pressure
difference from such first and second sensing.

[00022] In a fourteenth aspect of the present invention, a medical fluid delivery
system may be provided for controlling medical fluid flow for patient pain
management. Such system comprises a fluid flow path communicating between a
source and a patient. Such system also comprises a patient controllable interface
adapted to permit patient control of fluid flow to provide a sustained flow rate in the
fluid flow path that is responsive to a sensed pain level of the patient. Such system
further comprises a control module that may be operably associated with the fluid

flow path and the patient controllable interface. Such control module may be
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adapted to provide a first fluid flow rate in the fluid flow path and to change to the
sustained flow rate in response to activation of the interface by the patient.

[00023] In a fifteenth aspect of the present invention, a method may be
provided for controlling medical fluid flow for patient pain management for use in a
medical fluid delivery system. Such method may comprise flowing fluid through a
fluid flow path to the patient at a first flow rate. Such method may also comprise
providing a patient controllable interface adapted to permit patient control of fluid flow
to provide an actual sustained flow rate in the fluid flow path that is responsive to a
sensed pain level of the patient. Such method further comprises flowing fluid
through the fluid flow path at a second flow rate in response to activation of the
interface by the patient.

[00024] In a sixteenth aspect of the present invention, a method may be
provided for controlling medical fluid flow for patient pain management for use in a
fluid delivery system having a fluid flow path between a source and a patient. Such
method may comprise flowing fluid through the fluid flow path to the patient in a first
fluid flow mode, which includes an initial fluid flow rate and a subsequent fluid flow
rate that automatically decreases over a first time period. Such method also may
comprise automatically changing fluid flow through the fluid flow path to a second
fluid flow mode in response to patient activation. Such second fluid flow mode may
include at least one sustained fluid flow rate that is different than the flow rate in the
first fluid mode at the time of activation. Such method further may comprise
resuming fluid flow in the first fluid flow mode.

[00025] In a seventeenth aspect of the present invention, a control system may

be provided for controlling medical fluid flow for patient pain management for use in
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a fluid delivery system having a fluid flow path between a source and a patient.
Such control system may comprise a patient controllable interface. Such patient
controllable interface may include a plurality of settings according to a sensed pain
level of the patient and which, upon activation by the patient of a selected setting,
such setting generates a first flow control signal. Such control system may also
comprise a microprocessor operable to generate a second flow control signal in
response to the first flow control signal for controlling fluid flow in the fluid flow path
at a sustained fluid flow rate responsive to the sensed pain level of the patient.
[00026] This summary is not intended as an exhaustive identification of each
aspect or feature of the present invention that is now or may hereafter be claimed,
but represents a summary of certain aspects of the present invention to assist in
understanding the more detailed description that follows. Additional aspects or
features of the present invention may be set forth in the following description.
[00027] Although described later in terms of certain structures, it should be
understood that the apparatus, system and/or method of the present invention are
not limited to the identical structures shown, and that the scope of the present
invention is defined by the claims as now or hereafter filed.

Brief Description of the Drawings

[00028] Figure 1 is a schematic representation of one embodiment of an
ambulatory fluid delivery system of the present invention showing a fluid source, a
fluid flow path and a control system which includes a control module, a flow valve, a

flow restrictor and a flow sensor.
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[00029] Figure 2 is a perspective view of a second embodiment of an
ambulatory fluid delivery system showing a controller and portions of a fluid flow path

with the remaining portions of the fluid flow path and a fluid source not being shown.

[00030] Figure 3 is an exploded perspective view of the embodiment shown in
Figure 2.
[00031] Figure 4 is a perspective view of a flow sensor module which includes

a flow sensor and a flow restrictor.

[00032] Figure 5 is a front view of the flow sensor module in Figure 4.
[00033] Figure 6 is a side view of the flow sensor module in Figure 4.
[00034] Figure 7 is a cross sectional view along plane 7-7 of Figure 5.
[00035] Figure 8 is an opposite side view of the flow sensor module showing

the side view opposite to Figure 6.

[00036] Figure 9 is a perspective view of a flow non-latching valve with portions
removed to show the interior components.

[00037] Figure 10 is a front view of the flow valve shown in a closed position,
which limits fluid flow through a fluid flow path.

[00038] Figure 11 is a front view of the flow valve in Figure 9, which is similar to
Figure 10, except showing such valve in an open position to allow fluid flow through
the fluid flow path.

[00039] Figure 12 is a perspective view of an alternate flow latching valve with
portions removed to show the interior components.

[00040] Figure 13 is a front view of the flow valve in Figure 12 shown in a

closed position, which limits fluid flow through a fluid flow path.
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[00041] Figure 14 is a front view of the flow valve in Figure 12, which is similar
to Figure 13, except showing such valve in an open position to allow fluid flow
through the fluid flow path.

[00042] Figure 15 is a front view of another alternate flow regulator valve.
[00043] Figure 16 is a front view of a further alternate flow regulator valve.
[00044] Figure 17 is a graph showing the open and closed positions of the
valve over time.

[00045] Figure 18 is a graph showing flow rate (in milliliters per hour) versus
time (in seconds) in accordance with the use of the present invention.

[00046] Figure 19 is a graph showing pressure (in psi) versus time (in seconds)
in accordance with the use of the present invention.

[00047] Figure 20 is a schematic diagram showing an ambulatory fluid delivery
system in accordance with a third embodiment of the present invention which
includes a flow sensor, a flow valve, a temperature sensor, a user/patient interface, a
power supply, and a connector for transferring fluid information to or from the
system.

[00048] Figure 21 is a front view of an indicator module for a control system,
such as shown in Figure 2, showing an edit mode during which fluid flow is stopped
and flow conditions such as an initial fluid flow rate may be set by a user.

[00049] Figure 22 is a front view of an indicator module of a control system,
similar to Figure 21, except showing a patient mode during which fluid flow may be
provided to a patient and/or fluid flow may be controlled by the patient.

[00050] Figure 23 is a perspective view of another ambulatory fluid delivery

system in accordance with a fourth embodiment of the present invention, showing a
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reusable controller and a removable disposable flow set that is shown removed from
the controller.

[00051] Figure 24 is a perspective view of the system of Figure 23 showing the
reusable controller and the disposable flow set removably received therein.

[00052] Figure 25 is an end view of the system shown in Figure 23.

[00053] Figure 26 is an enlarged view of a disposable flow set showing portions
of the disposable flow set removed to illustration some internal components, such as
a flow valve, flow restriction and flow sensor and a portion of a fluid flow path.
[00054] Figure 27 is an exploded perspective view of the disposable flow set
shown in Figures 23-24 with the top housing portion shown removed.

[00055] Figure 28 is a front view of the system shown in Figure 23 with a front
housing portion shown removed.

[00056] Figure 29 is a bottom view of the system shown in Figure 23 with a rear
housing portion shown removed.

[00057] Figure 30 is a partial enlarged view of the removable connection
between the reusable controller and the disposable flow set with the distance
between the controller and the flow set exaggerated to show the connection formed
therebetween.

[00058] Figure 31 is a flow profile graph showing flow rate (in ml/hr) versus time
(in seconds) in accordance with one example of a fluid delivery therapy that may be
provided by the present invention, which allows the patient to decrease fluid flow
from a preset flow profile for a selected time interval and to return to the preset flow

profile at the end of such time interval.
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[00059] Figure 32 is a flow profile graph showing flow rate (in ml/hr) versus time
(for example minutes) in accordance with another example of a fluid delivery therapy
that may be provided by the present invention, which allows the patient to increase
fluid flow from a preset flow profile to provide an initial bolus fluid flow and a
sustained or basal fluid flow rate during a selected time interval and to return to the
preset flow profile at the end of such time interval.

Description of the Preferred Embodiments

[00060] While the present invention will be described in terms of certain
preferred or alternative embodiments, it is contemplated that the present invention
may employ various structures, modifications and alternatives and that the scope of
the invention is as set forth in the attached claims.

SYSTEM OVERVIEW

[00061] In accordance with one embodiment of the present invention, Figure 1
is a schematic representation of a fluid delivery system embodying the present
invention, preferably an ambulatory fluid delivery system, generally indicated at 2, for
delivering a medical fluid to a patient. It is noted that the fluid delivery system in
Figure 1 is shown schematically to illustrate certain broader aspects of the present
invention, not limited to particular structures illustrated in more detailed figures. In
Figure 1, the system 2 includes a fluid flow path, generally indicated at 4, which
communicates between a fluid source, generally indicated at 6, and the patient, via a
connector and a catheter. The fluid source 6 may but does not necessarily include
an infusor pump such as an expandable bladder-type pump, which increases in
volume and pressure as fluid is introduced therein and subsequently contracts to

force fluid out of the bladder during fluid delivery.
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[00062] Such a pressurized fluid source 6 is especially suited for delivery to
catheters which provide access to the perineural or epidural space. Such delivery
would generally require the fluid source to be able to provide the fluid at a pressure
higher than 5 - 6 psi.

[00063] Alternatively, for intravenous infusion, the fluid source 6 may be a fluid
container that provides fluid flow due to gravity such as, for example, by locating the
fluid source at a height above the entry site into the patient, whereby the pressure
head from the column of fluid above the entry site is sufficient to provide fluid flow to
the patient. In some applications it is desired to provide the fluid in bolus doses.
Other fluid sources may also be employed and are not limited to the above described
sources.

[00064] In Figure 1, the illustrated ambulatory fluid delivery system also
includes a control system, generally indicated at 8, as shown in dashed lines. The
control system 8 preferably includes a control module, generally indicated at 10, a
flow valve, generally indicated at 12, a flow restrictor, generally indicated at 14, and a
flow sensor, generally indicated at 16. As will be described in more detail later in
another illustrated embodiment, portions of the control system 8, such as the control
module 10, may be a durable, reusable device and the fluid flow path 4, valve 12,
flow restrictor 14 and flow sensor 16 may be, in whole or in part, components of a
disposabile fluid circuit of flow set that is intended for one time use only.

[00065] In Fig 1, the control module 10 may include an integrated circuit,
microprocessor, printed circuit board and/or other control and/or memory devices
such as shown and described in U.S. Patent Application No. 10/853,916, filed May

26, 2004, which is incorporated herein by reference. As will be described later, the
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control module 10 may be programmed to automatically perform for one or more
fluid delivery therapies or flow profiles and/or it may be adapted to provide control of
the fluid delivery by the user and/or patient. The control module 10 may also be
adapted to store flow information for a selected flow profile, such as flow rate,
pressure, temperature and/or other sensed information. Other variations are also
possible.

[00066] The flow valve 12 is operatively associated with the fluid flow path 4
and is movable under the control of the control module between a first position,
which corresponds to fluid flowing through the valve, and a second position, which
corresponds to relatively limited or stopped fluid flow through the valve. Such first
and second positions may, respectively, correspond to fully open and closed
positions, although graduated valve positions and flow rates are also contemplated.
As described in detail below, the actual flow rate to the patient may be based, at
least in part, on some combination of the flow rates at each valve position and the
respective time intervals of each position, as monitored and calculated by the control
module.

[00067] As the system is illustrated in Figure 1, the flow sensor 16 may be a
pressure sensor for monitoring of the pressure through the fluid flow path 4, or for
monitoring a feature or condition which is indicative of such pressure. Itis
contemplated that the present invention is not limited to a pressure sensor and that
any sensor may be employed which sense other characteristics or flow conditions or
information that is indicative of the fluid flow rate through the fluid flow path 4.
However, in accordance with one aspect of the present invention, the flow sensor 16

preferably monitors the fluid pressure downstream of the flow valve 12 and more
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specifically, monitors the pressure difference in the fluid flow path 4 across the flow
restrictor 14 via a first flow path 18 that communicates between the flow sensor 16
and the fluid flow path 4 at a location or junction that is located upstream of the flow
restrictor 14 and a second flow path 20 that communicates between the flow sensor
16 and the fluid flow path 4 at a location or junction that is downstream of the flow
restrictor 14. As described in more detail later, this arrangement allows the system
to determine both fluid flow rate and actual fluid viscosity, providing a highly accurate
system for administering medical fluid to a patient.

[00068] The control module 10 preferably includes a user or patient interface
24 for providing information and, optionally, for receiving input from the user or
patient. The interface 24 may include an indicator module 26 such as a display
screen for displaying flow-related information to the user and/or patient in graphical
or numerical formats. Other indicators, such as color-coded lights or LEDs 28 may
provide “at-a-glance” indications of other flow conditions or information. The
interface 24 of the control module 10 may further include one or more actuators 30 to
allow user programming or setting of a fluid therapy or profile and/or for limited
patient control of the fluid delivery therapy as described later. The design of the
interface 24 in Figure 1 is shown for illustrative purposes only, as many other
variations, modifications and alternatives are also possible which may include one or
more of the features discussed above, alone and/or in combination with other
features as discussed later.

DISPOSABLE SYSTEM

[00069] In accordance with a more specific embodiment of the present

invention, Figures 2-3 illustrate a medical fluid delivery system, generally indicated at
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100 which may be entirely disposable and is particularly suited for ambulatory
administration of medical fluids. The flow system includes a controller, generally
indicated at 102, that is associated with a fluid flow path 104, which is typically in the
form of flexible plastic tubing. By “associated” it is meant that the controller 102 may
be in direct fluid communication with the fluid passing through the flow path 104
and/or the controller 102 may indirectly act upon the fluid flow path for example, by
acting on the tubing without being in direct fluid communication therewith or a
combination of the above.

[00070] In Figures 2-3, the controller 102 includes a first or upper housing
portion, generally indicated at 106, and a second or lower housing portion, generally
indicated at 108. In Figures 2-3, the first housing portion may include a top or front
surface 110 and a plurality of side edges 112. The second housing portion 108 may
define a rear or bottom surface 114 and a plurality of side edges 116 such that the
first and second housing portions 106, 108 define an internal compartment 118 and
may be fastened together by suitable fasteners 117, or by bonding or other fastening
means. The terms “first,” “second,” “upper,” “lower,” “front”, “"top,” “rear,” “bottom”
and “side” as may be used here and elsewhere in this description with respect to
other embodiments are merely used to aid description and are not intended to limit
the present invention.

[00071] The first and second housing portions 106, 108 may provide for inlet
and outlet poris, respectively, 119, 121 for the fluid flow path 104 or tubing
associated therewith. In Figure 3, the internal compartment 118 of the controller 102
may receive various components for controlling the flow of the ambulatory fluid

delivery system including a control module, generally indicated at 120. In Figure 3,
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the control module 120 generally includes a flow information indicator such as a
display screen 122 and an integrated circuit and/or printed circuit board PCB 124,
which may include an associated microprocessor e.g., a programmable
microprocessor, to control the operation of the flow system.

[00072] In Figure 3, the front surface 110 of the control system 102 may further
include an opening 121 for receiving and displaying the flow information indicator
122 to the user and/or patient. As described in further detail herein, the front surface
110 may also include a flow status visual indicator 128 and a user/patient interface
130 with a plurality of actuators 132, 134, 136, 138 for controlling fluid flow, as
described in further detail herein. The flow information indicator 122 and circuit 124
are preferably in electrical communication by various connectors 126 such as Zebra-
strips or the like.

[00073] The controller 102 may include a power source 140, which may be
internal such as by one or more batteries or, alternatively, the control system may be
connected to an external power source by an appropriate electrical connection. The
power source may be activated by a power control switch 142 so as to turn on and
off the control system 102. Such power control switch 142 may be accessible
through one of the first and/or second housing portions 106, 108 such as for
example, in one of the sides 112, 116 although other locations are also possible. In
Figure 3, the internal power source 140 or batteries may be positioned in a side-by-
side orientation using locators 144 and each may have a pair of respective electrical
contacts 146 that provide for electrical connection to the control module 120 such as

for connection to the circuit 124.
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[00074] In Figure 3, the control system also includes a flow sensor module,
generally indicated at 200, and a flow control valve, generally indicated at 300, which
are each associated with the fluid flow path 104 as described in more detail below.
The control module 120 is preferably operatively associated with the flow sensor
module 200 and the flow valve 300 to determine and control the actual flow rate
through the fluid flow path.

[00075] As will be described in more detail later, the control module 120 may
provide a determination of the actual flow rate in response 10 a sensed pressure
difference measured by the flow sensor module 200 and, based on the determined
actual flow rate, the control module 120 may control movement of the valve 300
between open and closed positions to change the actual flow rate, if necessary, by
adjusting the on or off time of the valve. Alternatively, the control module 120 may
operate to compare the actual flow rate to a desired flow rate and to change the
actual flow rate to the desired flow rate based on a sensed difference between such
flow rates. The desired flow rate may be preprogrammed by the user prior to the
infusion procedure and/or adjusted by the user.

FLOW SENSOR MODULE

[00076] Turning to Figure 3, the flow sensor module 200 (or also at 16 in Figure
1) is preferably positioned downstream of the flow valve 300 (or at 12 in Figure 1).
As shown in detail in Figures 3-8, the flow sensor module 200 includes an upper
housing portion 202, a lower housing portion 204 which may be fastened together by
a plurality of fasteners 206, by bonding or other suitable techniques and/or include
various sealing structures such as O-rings 208, gaskets 210 or the like for use in

connection with sealing one or more portions of the flow control module.
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[00077] In the illustrated embodiment, the medical fluid flows through the
module, and for this purpose the module includes inlet and outlet ports 212, 214
located respectively in the upper and lower housing portions 202 and 204. As shown
in Figure 3, the tubing that defines the fluid flow path 104 may be attached to the
inlet and outlet ports 212, 214 in a manner that achieves a fluid tight seal, such as
mechanical attachment, ultrasonic, RF or solvent bonding or other connection
arrangement.

[00078] As best seen in Figure 7, the flow sensor module 200 includes a flow
restrictor 216 and a differential pressure sensor 218. In Figure 7, the flow restrictor
216 defines a flow restriction that is located between the inlet port 212 and the outlet
port 214, and through which the medical fluid stream must pass. The flow restriction
216 may be of any desired form to define a flow region having a reduced cross-
sectional size. It may comprise a simple orifice or an elongated member (as shown)
of reduced inside diameter as compared to the fluid flow path upstream and
downstream of the restriction. The flow restrictor 216 preferably has a fixed
geometry, which may also assist in determining of the fluid viscosity, as described
later.

[00079] The differential pressure sensor 218 may be a pressure sensor or
transducer such as, for example, a pressure sensor that uses piezoresistive silicone
die technology, such as manufactured by Measurement Specialties of Hampton,
Virginia, USA or by other manufacturers, although other flow sensors may also be
suitable for measuring other flow characteristics. To allow sensing of the pressure
upstream and downstream of the flow restrictor, the flow module includes fluid flow

paths 222 and 224 that communicate between the medical fluid flow path upstream
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and downstream of the restrictor 216 and the flow sensor 218. This arrangement
allows the flow sensor 218 to measure the pressure differential between the
upstream and downstream ends of the flow restrictor 216. It is noted that the flow
sensor may directly measure such pressure differential as described above, or
alternatively, such pressure differential may be measured indirectly such as by
monitoring other information, which may be used to determine such pressure
differential. The differential sensor 218 further includes a connector portion 226 for
electrical connection between the flow sensor 218 and other portions of the controller
102 in Figure 3. Such connector portion 226 may allow for electrical transmission of
flow information that is sensed by the pressure sensor 218 (e.g., pressure drop
across the restrictor) directly to the microprocessor or other circuitry.

[00080] With the knowledge of the pressure differential or “pressure drop”
across the flow restriction, the rate of flow of fluid through the restriction may be
calculated. As previously discussed above, the sensed pressure information from
the flow sensor 16 in Figure 1 or flow sensor module 200 in Figure 3 may be
communicated to the control module 10, 120 to determine the actual flow rate at a
particular time instant or the relatively instantaneous actual flow rate. With the
present invention, this is the real time or relatively instantaneous flow rate of medical
fluid being administered to a patient through flow path 4 (in Figure 1) or 104 (in
Figure 2). It is generally known that the relationship between the sensed pressure
difference (AP) and instantaneous flow rate (Q) may be generally represented by the
following equation:

AP=128uLQ/md*
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[00081] Where u represents fluid viscosity; L is the length of the reduced area
defined by the flow restrictor; and d is the reduced diameter defined by the flow
restrictor. The viscosity p through the flow restrictor 14, 220 may be represented by
the following equation:

H=BeA/T
[00082] Where A and B are constants associated with the particular fluid; and T
is the temperature of the fluid, which may be measured by an appropriate
temperature sensor that may also be associated with the system. By combining the
above two equations, the relationship between pressure and flow rate may also be
represented by the following equation to allow for correction of the fluid viscosity due
to temperature variation of such fluid which may occur due to patient’s temperature
change:

AP=KpQ=KBe *TQ=K:e *T Q
[00083] Where K7 and A are constants that depend on the dimensions of the
flow restrictor and the viscosity of fluid. This equation may be used to calculate a
flow rate based on a sensed pressure difference, assuming all other values including
the fluid viscosity are known. The viscosity may be known and stored in the memory
of the control module and/or may be not known and the control module may also
determine the viscosity, as described below, to calculate the actual flow rate.

FLOW VALVE

[00084] Referring back to Figure 3, the flow valve 300 generally allows for fluid
to be controlled through the fluid flow path 104. As shown in Figures 9-11, described
below, the valve may be movable between a first position to allow fluid to flow

through the fluid flow path 104 (as shown in Figure 11) and a second position (as
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shown in Figures 9-10) to limit fluid flow through the fluid flow path. The terms “first”
and “second” as they relate to the positions of the valve in Figures 9-11 are merely
used to aid description of the relative movement that is permitted by the valve and
such terms are not intended to limit the order or sequence in which such valve
movement must occur.

[00085] In Figures 9-11, the flow valve 300 includes a housing having a base
302 and a cover 304, which is shown only in Figure 3. The base 302 of the flow
valve 300 includes a top surface 306, a bottom surface 308, a left side 310 and a
right side 312. The cover 304 (not shown in Figures 9-11) may be attached to the
base using suitable fasteners 314 or by bonding or other attachment means. The
flow valve 300 preferably includes a channel or slot 316 for receiving the plastic
tubing forming the fluid flow path 104. Although the flow valve 300 in Figures 9-11 is
shown as acting upon or pinching the external surface of tubing which defines the
fluid flow path 104, other valve constructions are also possible. For example, the
fluid flow path 104 itself may be defined in part by the channel 316 for fluid flow
directly therethrough.

[00086] As illustrated in Figures 9-11, the flow valve 300 also includes a flow
control member 318, which is pivotably attached to the base 302 via pivot 320 such
that the flow control member 318 is pivotably movable relative to the pivot 320. The
flow control member 318 includes first and second arms, respectively, 322 and 324.
The first arm 322 generally extends laterally from the pivot 320 toward an opening
326 in the wall defining channel 316, and the second arm 324 generally extends
downwardly from the pivot 320 to cooperate with a biasing means. More specifically,

the first arm 322 includes a first end 328 and the second arm 324 includes a second
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end 330. The first arm 322 includes a groove 332 positioned proximal to the first end
328 and an extension 334. The extension 334 generally extends upwardly in a
direction toward the channel 316 and through the opening 326 formed in such
channel.

[00087] The flow valve 300 further includes a biasing member such as a spring
336. The biasing member 336 includes a first end 338 attached to a fixed member
or post 342, and a second end 340 is secured within an aperture 344 in the second
arm 324 of the flow control member 318. The biasing spring 336 preferably normally
is in tension and exeris a pulling flow control force on arm 324, biasing the member
to the position shown in Figure 10, where the extension 334 pinches the tubing 104
closed, so that the valve is normally closed when not activated. It is noted that the
valve may be normally biased to a closed or flow limiting position to avoid free fluid
flow to the patient, although other constructions are possible such as a biasing
member that normally positions the valve in an open position.

[00088] To open flow through the flow path, the flow valve 300 also includes an
actuator 346 which is illustrated in a general V-shape. The activator includes first
and second legs or ends 348 and 350, as shown in Figures 10-11, and an
intermediate portion 352 which is preferably received within the groove 332. The
first and second ends 348 and 350 are received by respective conductive sockets
354 and 356 in the base 302.

[00089] The actuator 346 is preferably made of a shape memory material. By
“shape memory material” it is meant that the actuator may be adapted, by application
or removal of energy (such as a change in temperature) to change in shape,

dimension, orientation or other condition so as to cause movement of the flow control
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member 318. As illustrated, the actuator 346 is in the form of a wire and made of a
shape memory material to change in length upon a change in temperature. One
example of a shape memory material may include an alloy of nickel and titanium,
although other shape memory materials are also possible.

[00090] In Figures 9-11, the application of electrical current and/or heat to the
actuator 346 causes the shape memory material to contract, causing the valve to
open and remain open so long as electrical current and/or heat is being applied to
the actuator or, if electrical current is temporarily shut off as described further below,
so long as the temperature of the actuator is sufficient to keep its shortened length.
To heat to the actuator 346, the conductive sockets 354, 356 are connected to an
electrical voltage source, which upon activation cause electrical current to flow
through the wire to cause resistive heating in the wire, and, thereby increasing the
temperature of the actuator 346. Of course, the wire may be heated by other means
such as by an external heater in contact with the shape memory wire. Preferably,
when heated, the actuator 346 changes or shortens along all or a substantial portion
of its length. For example, the actuator 346 may shorten or contract in length by
about 4% when heated either externally or internally with an electrical current. When
the electrical current is stopped, the actuator cools and expands or lengthens,
returning to its prior length. Of course, other means to change the temperature may
also be used. Alternatively, the movement of the actuator may be used other than
by change in temperature including other means which employ mechanical,
magnetic, electrical, pneumatic or others and/or a combination thereof.

[00091] Figures 10-11 illustrate movement of the valve between the first and

second positions. In Figure 10, due to biasing force of spring 336, the flow control
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member 318 is pivoted counterclockwise, with the extension 334 extending through
the opening 326 in the channel 316 to engage the external surface of the tubing that
forms the fluid flow path 104 and pinching or clamping the tubing of the fluid flow
path 104 between the extension 334 and a surface of the channel 316 that is
opposed to such opening 326. The inner diameter of the fluid flow path 104 is
constricted, limited and/or closed to fluid flow through such tubing. As illustrated, the
flow is completely closed in the position shown in Figure 10, although graduated
closure or restriction is also possible. Heating of the actuator 346 such as by
passing current through the actuator preferably causes the arm 322 to pivot
clockwise from the position shown in Figure 10 to the position shown in Figure 11,
where extension 334 is moved away from the fluid flow path 104 to a position where
it is essentially located out of the channel 316 in Figure 11, thereby opening the
tubing to allow fluid flow through flow path 104.

[00092] The illustrated valve 300 further includes two normally spaced-apart
conductive contacts 358 and 360 each having at least one end disposed so that
movement of the valve, i.e., the flow control member 318 or, more specifically, its
end 330, pushes the contacts 358, 360 into conductive engagement with each other.
The contacts 358, 360 may provide an indication of the on and/or off position of the
valve and/or communicate a signal, such as an electrical current, that is indicative of
such position to assist control of the valve by the control module 10, 120 and/or to
provide a more precise control of valve movement for adjustment to the actual flow
rate, as described further below. For example, the conductive engagement between
the contacts 358, 360 may be communicated to the control module to indicate that

the valve is in an open position. Other means, electrical, mechanical or other, may
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be employed for determining the valve position and/or for communicating such
information to other paris of the system.

[00093] The contacts 358, 360 may also assist in limiting current that is
required to keep the valve in an open position. In Figures 9-11, the contacts 358,
360 generally comprise part of a cut-off switch that normally allows electrical current
to be supplied to the actuator 346, via sockets 354, 356, thereby increasing the
temperature of and causing shortening of the actuator or wire 346 to move the valve
to the open position. To avoid overheating of the actuator 346, the conductive
engagement between the contacts 358, 360 may initiate the control module to shut
off the current that is supplied to the sockets 354, 356 10 heat the actuator 346. As
the actuator 346 begins to cool, the end 330 of the flow control member 318 moves
counterclockwise to disengage the contacts 358, 360 from one another, which allows
the control module to supply electrical current to the sockets 354, 356 in order to
keep the valve in the open position. The control module preferably operates to
selectively supply electrical current (to the cut-off switch) to start and stop electrical
current to the shape memory material at least once during actuation of the flow
control member to the first or open position, and more preferably, a plurality of times.
By way of example and not limitation, the cut-off switch may move between on and
off positions or “flutter” at a rate of about 100 times per second, although other rates
are also possible. The control module preferably supplies intermittent electrical
current to the cut-off switch over a period of time during which the valve is sustained
in a substantially open position to allow continuous fluid flow through the valve until
the control module operates to close the valve. The cut-off switch may avoid

overheating of the actuator 346 while still essentially keeping the valve in the first or
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open position. Operation of the cut-off switch may also assist in limiting the power
requirements for valve movement. Other variations and modifications are also
possible.

[00094] Among the benefits provided by the actuator 346 in Figures 9-11, such
actuator provides a convenient control mechanism for opening the valve, closing the
valve and/or limiting flow through the valve. The actuator 346 may provide for valve
movement with relatively low power requirements and with fewer mechanical parts
than may otherwise be required, with consequent ease of assembly. The shape
memory material of the actuator 346 provides a relatively reliable material that may
be repeatedly used, by heating and cooling, for valve movement without significant
variation and/or deterioration to the shape and configuration of such material by such
repeated heating and cooling. Further, the actuator 346 may be made of material
that is relatively lightweight for an ambulatory system.

[00095] Figures 12-14 show an alternate flow valve 362 construction. The
illustrated valve in Figures 12-14 includes a housing having a base 364 with the
cover shown removed, similar to Figures 9-11. The flow valve 362 similarly includes
a channel or slot 366 for receiving the plastic tubing forming the fluid flow path 104
and a flow control member 368. A longitudinal extension 370 of the flow control
member 368 is movable through an opening formed in the wall of the channel 366 to
allow for the valve to move between a first or open position and a second or flow
limiting position. A groove 372 is formed in the flow control member 368 proximal to
the extension and receives an actuator 374 that includes two ends that extend
toward the bottom of the flow control member 368 to conductive contacts 376 (as

seen in Figures 13-14). A biasing member 378 such as a spring at the bottom of the

29



WO 2009/046182 PCT/US2008/078562

flow control member 368 normally biases the flow control member into the position
shown in Figures 12-13, in which the valve is shown in the second position.

[00096] The illustrated valve in Figure 12 also includes a latching member 380
having a lateral extension 382, which preferably engages a notch 384 formed in the
flow control member 368 in the position shown in Figure 14. A separate biasing
member 386, which may be a spring, (as shown in Figure 13-14) normally biases the
latching member 380 laterally towards the flow control member 368 (e.g., to the right
in Figures. 12-14) in each of Figures 12-14. The latching member 380 is also
connected to a control member 388, which is preferably made of a shape memory
material and may be a wire, such as shown in Figures 12-14. Each end of the wire
388 may be connected to conductive contacts 390 for connection to an electrical
current supply source.

[00097] Figures 13-14 illustrate movement of the valve between first and
second positions. In Figure 13, the biasing force of the spring 378 biases the flow
control member 368 upwards, with the extension 370 extending through the opening
the channel 366 to limit flow through the fluid flow path 104. Heating of the actuator
374, such as by passing an electrical current through the actuator 374, causes the
actuator or wire 374 to shorten and the flow control member 368 slidably moves
downward, compressing the spring 378, as shown in Figure 14. The extension 370
moves away from the fluid flow path 104 to a position where it is essentially out of
the channel 366 to allow flow through the valve 362. As the flow control member
368 slidably moves downward, the extension 382 of the latching member 380, which
is biased laterally toward the flow control member 368 by the spring 386, engages

the notch 384. The latching member 380 may be disengaged from the notch 384 by
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heating, and thus shortening, of the control member or wire 388, which moves the
latching member away from the notch to the position shown in Figure 13. The
latching member 380 may be helpful to assist in maintaining the valve position in
Figure 14 with limited power requirements or without requiring electrical current to be
supplied to the contacts 376 to maintain such position.

[00098] In Figures 12-14, the illustrated valve 362 also includes two pairs of
spaced apart conductive contacts, respectively at 392 and 394. The first pair of
conductive contacts 392 provides a cut-off switch to the actuator 374 to avoid
overheating of the actuator or wire 374, similar to as described above in Figures 9-
11. For example, an arm 396 extends downwardly from the flow control member
368 to push the contacts 392 into engagement with one another upon downward
movement of the flow control member 368 so that the control module may shut off
current to the actuator 374. Upon cooling of the actuator 374 and upward movement
of the arm 396, the contacts 392 disengage and the control module may turn on the
current to the actuator 374 to keep the valve in the position shown in Figure 14.
[00099] In Figures 12-14, the second pair of conductive contacts 394 provides
a cut-off switch to the control member 388 to avoid overheating of the control
member or wire 388. To move the latching member 380 away from the flow control
member 368, the control member 388 is heated, causing shortening of the control
member 388 or wire and compression of the biasing member 386. In Figure 13, an
edge or surface of the latching member 380 pushes the conductive contacts 394 into
engagement to allow for the control module to shut off current to the control member
388. Upon cooling of the control member 388, the latching member 380 moves

away from the contacts 394, which disengage from one another, to allow for the
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control module to supply current to the control member 388. As previously described
above with other cut-off switches, the electrical current to the control member 388
may alternatively be switched on and off or “flutter” in response to control by the
control module so as to conserve power and to limit overheating of the control
member 388. Preferably, such cut-off switch is operated on and off until the flow
control member 368 moves to the position shown in Figure 13, in which the
extension 382 is biased against the flow control member 368 just below the notch
384. Other valve constructions are also possible.

[000100] Figure 15 shows another alternate flow valve 400 construction. That
valve includes a housing 402, a channel or slot 404 for receiving at least a portion of
the tubing forming the fluid flow path 406. The valve 400 includes a flow control
member 408, a biasing member or compressed spring 410 and an actuator 412.

The actuator 412 provides for movement of the valve between a first position that
allows fluid flow through the fluid flow path 406 and a second position which limits or
completely stops flow through the fluid flow path 406, with only the second position
being shown in Figure 15. In accordance with the embodiments shown in Figures 9-
14, the actuator 412 in Figure 15 may be a wire although other structures are also
possible. The actuator 412 may include first and second ends 414 and 416 and an
intermediate portion positioned between such ends, which portion engages the flow
control member 408 for valve movement. More specifically, the flow control member
408 may be attached to one end 418 of the biasing member, i.e., compressed spring
410, with the other end 420 of the spring preferably being fixed to the housing 402 so

that the flow control member 408 is biased by the compressed spring 410 through a
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channel opening 422 for engagement with the tubing defining the fluid flow path 406
to limit fluid flow therethrough.

[000101] As previously described, the actuator 412 is preferably made of a
shape memory material. The actuator 412 may be heated such as to change its
length, although other constructions are also possible for activation of the valve. The
first and second ends 414 and 416 of the actuator may be electrically connected to
an electrical energy source which, upon direction from the control system, provides
an electrical current to the actuator, causing resistance heating and shortening or
contraction of the actuator 412. This shortening causes further compression of
spring 410 and movement of the flow control member 408 away from the tubing
defining flow path 406 thereby opening the flow path to increased fluid flow. By
varying the current through the actuator and the amount of resistance heating, the
flow path is either opened or closed.

[000102] In Figure 16, a further modification of a valve 450 is shown. Valve 450
includes a housing 452 and also defines a channel 454 that is associated with plastic
tubing defining a fluid flow path 456. In Figure 16, an opening 458 is provided in the
wall of channel 454. A flow control member 460 is located for slidable movement so
as to engage the tubing defining fluid flow path 456 through the opening 458. In
Figure 16, the valve 450 is disposed in a first position in which fluid flow is allowed to
flow through the fluid flow path 456. Although not shown, the valve may be slidably
moved to a second position in which the flow control member 460 compresses or
pinches the flow path tubing to limit fluid flow through the fluid flow path 456. One or
more guides 462 may assist in constraining the flow control member 460 for slidable

movement toward and away from the flow path tubing.
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[000103] As shown in Figure 16, the movement of the flow control member is
controlled by a cam 464 which is pivotably movable relative to a pivot 466. The cam
464 includes first and second grooves 468 and 470, which are located on opposed
sides of the pivot 466. The valve 450 includes first and second actuators 472 and
474, which each respectively have first ends 476 and 478, second ends 480 and 482
and intermediate portions 484 and 486. Each intermediate portion 484 and 486 is
received by one of the respective grooves 236 and 238. Movement of the cam 464,
and thus the flow control member 460, is controlled by first and second actuators
472, 474, which may each be made of a shape memory material, such as described
above, which each may be heated to cause valve movement corresponding to a
different position.

[000104] For example, heating of the actuator 472 may cause a shortened
length, which results in pivotable movement of the cam 464 in a counterclockwise
direction. Such movement causes the cam 464 into engagement with the flow
control member 460, and moves the control member to limit flow through the fluid
flow path 456. For this operation, it may be expected that actuator 474 is not heated,
not heated as much as actuator 472 or actually cooled to allow pivoting of the cam
464. In contrast, heating of the other actuator 474 to shorten the length thereof
(coupled with the absence of heating, less heating or cooling of actuator 472) may
cause clockwise pivotable movement of the cam 464 such that the cam moves out of
engagement with the flow control member 460.

[000105] The flow control member 460 in this embodiment may be normally
biased to a position out of engagement with the tubing defining fluid flow path 456 to

allow fluid flow therethrough upon such clockwise pivotable movement of the cam
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464. For example, the valve 450 may include a magnet which provides a magnetic
force that normally holds the flow control member 460 in the open valve flow position
and the cam 464 may be pivotably movable to oppose a magnetic force so as to
move the valve to a restricted flow position. Alternatively, the magnetic force may be
arranged to hold the flow control member in a restricted flow position. Other valve
constructions are also possible.

[000106] The illustrated valves in Figures 9-16 move between fully open and
fully closed positions to control the flow of fluid to the patent. By way of example and
not limitation, Figure 17 illustrates the relative movement of the valve between open
and closed positions over a selected time interval for a selected fluid delivery
system. In Figure 17, the open position of the valve may correspond to a maximum
flow rate and the closed position of the valve may correspond to a substantially zero
flow rate. Alternatively, the open and closed positions of the valve may correspond
to other flow rates. By way of example and not limitation, instead of a closed
position, the valve may be positioned to allow a limited flow rate. In Figure 17, the
flow valve may be closed for a time interval from a time T, to a time T1 and may be
open from a time T, to a time T,, which completes a first cycle of valve movement
between the closed and open positions over the entire time interval of time Ty to To.
Figure 17 shows three cycles of the valve alternating between closed and open
positions with the closed position occurring at time intervals Toto T4, Toto Tz and Ty
to Ts and the open position occurring at alternating time intervals Ty t0 T, T3 10 Ty
and Tsto Te. It is contemplated that each time interval may be similar to or different
from any other and such interval may depend on the actual flow rate that is desired

through the fluid flow path.
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[000107] Figure 18 shows examples of the real time or instantaneous fluid flow
rates through the fluid flow path at a location that is just downstream of the valve
over a selected time interval of alternating valve open and closed positions, which
flow rates may be calculated, for example, by employing the sensed pressure
difference at a particular time instant. As indicated, the valve may be opened at time
intervals Toto T4, T2 t0 T, T4 10 Ts and Te t0 T7 and correspond to a relative
maximum flow rate. The valve may be closed at time intervals T4 10 T, Tat0 T4, Ts
to Teand T7 to Ts and correspond to a flow rate that decreases exponentially from
the instant that the valve is closed until the flow rate reaches essentially zero or the
value is opened again. In particular, Figure 18 shows a flow profile in which the
valve is in an open position beginning at time T, to time T, at about 33 seconds and
has an instantaneous flow rate of approximately 3.75 milliliters per hour (mL/hr).
Figure 18 shows the valve in a closed position from time T4 to time T, at about 133
seconds and having a fluid flow curve that exponentially decreases over such time
period from 3.75 mL/hr to about 0.5 mL/hr or less. At the end of the first cycle of
movement of the valve at time T,, the movement of the valve may be repeated for a
second cycle. For example, at time Ty, the valve is in the open position in which the
flow rate instantaneously increases to about 3.75 mL/hr a subsequent later time
interval from time T to time T3 and further shows the closed position for another later
time period from time T3 to time T4. Figure 15 also shows subsequent cycles of the
valve movement between open and closed positions for a total of four cycles in
which the valve is opened and closed. As noted above, the time intervals for the
open and closed positions of the valve may be varied for each cycle and for any

number of cycles.
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[000108] Although the instantaneous flow rates just downstream of the valve are
indicated in Figure 18, the actual flow rate that is delivered to the patient, as may be
indicated by the dashed horizontal line in Figure 18, is a combination of these flow
rates. Such actual flow rate that is delivered to the patient may comprise an average
or some other combination of the instantaneous flow rates during a selected time
period of valve movement. Preferably, the actual flow rate that is delivered to the
patient may be determined based on the total area of the flow curve as integrated
over the appropriate time interval. Such integration may be iteratively performed by
the microprocessor throughout the fluid infusion profile to determine the actual fluid
flow rate through the fluid flow path, for example, in accordance with a preset time
increment, such as about every 2-3 seconds although other increments are also
possible.

[000109] For example, the actual flow rate through the fluid flow path for the first
cycle of valve open and closed positions may be based a determination of the total
area beneath of the flow curve in Figure 18 integrated over a time interval from time
To to time To. Such flow curve includes the initial flow rate of the valve in the open
position from time Ty to T4 and the decreasing flow rate curve that occurs over time
interval T1 to T,. Other actual flow rates may be determined for other selected time
intervals.

[000110] The actual flow rate may be varied by adjusting the time intervals of the
valve open and closed positions, i.e., the pulse width in Figures 17-18. For example,
if the actual flow rate to the patient is too low or too high, then the system may be
adapted to adjust the flow rate upwardly or downwardly. If the flow rate is too low,

then the system may automatically increase the actual flow rate by decreasing the
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time interval that the valve is closed, i.e., T110 Tp, T3 t0 T4, Tsto Teand T7 10 Tgin
Figure 18 and/or decreasing the frequency of such intervals. Alternately, it is
possible to increase the flow rate by increasing the time intervals that the valve
remains open, i.e., Toto T4, T2 t0 T3, T4 t0 Ts and Te to T7 and/or increasing the
frequency of the time intervals that the valve remains open. If the actual flow rate to
the patient is too high, then the system may be adapted to decrease the flow rate
downwardly by increasing the time interval between that the valve remains closed
and/or increasing the frequency of the time intervals that the valve is closed, or,
alternatively, by decreasing the time interval or frequency that the valve is open.
This adjustment may be performed continuously, at selected time intervals, after a
selected user or patient activated change and/or a combination thereof. For
example, this adjustment may be performed in response to the integrated actual fluid
flow rate if the integrated actual fluid flow rate differs from the desired fluid flow rate.
[000111] The present invention further provides several benefits for controlling
the fluid flow in fluid delivery systems, such as an ambulatory system. Among such
benefits, the present invention allows for real-time adjustment of the actual fluid flow
rate that is delivered to the patient through the fluid flow path and/or for changing of
such actual fluid flow rate in response to a difference between the actual fluid flow
rate and a desired fluid flow rate for a selected flow profile. Although determination
of the actual fluid flow rate will described with respect to the systems shown and
described in Figures 1 and 3, it is possible for any of the embodiments described
herein to perform such determination.

[000112] In Figures 1 and 3, the control module 10, 120 may be programmed

with suitable software that operates a feedback control loop to control and/or adjust
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the actual flow rate in the flow fluid path. As previously described, the control
module 10, 120 determines or calculates the actual flow rate in the fluid flow path 4,
104, such as based, in part, on the sensed pressure information by the flow sensor
16, 200, and on the pulse width modulation of the value (e.g., the length of the time
intervals of the valve at the first or open position and the second or closed position)
over a selected time interval. Based on the measured actual flow rate, the control
module 10, 120 may adjust the actual flow rate, such as by controlling the on and off
movement of the valve, to increase or decrease the flow rate of fluid received by the
patient.

[000113] Another benefit of the present invention allows may provide for
determining a difference between the actual fluid flow rate and a desired flow rate.
The desired fluid flow rate may be a flow rate as prescribed by the doctor, surgeon or
other medical professional of a particular fluid for the patient. It is possible that the
desired fluid flow rate may be programmed into the control module 10 prior to the
fluid delivery therapy as part of a preset flow profile and/or be the result of a patient-
activated change during a particular fluid delivery therapy.

[000114] For example, the actual fluid flow rate is determined by one of the
systems in Figures 1-3. The flow sensor provides flow information such as a sensed
pressure difference that is communicated to the control module 10, 102 which, in
turn, determines an actual flow rate. The control module 10, 102 may include at
least one flow control signal generator such as a logic operator, input/output device
or other control device generates a first flow control signal that is responsive to a
measured actual flow rate. The control module 10, 102 preferably compares the

actual flow rate to the desired flow rate. If the actual flow rate is different from the
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desired fluid flow rate, then the system components such as the microprocessor or
other circuit components may automatically adjust the actual fluid flow rate, by
increasing or decreasing the valve open or valve closed position time (thus
increasing or decreasing the actual flow rate) to achieve the desired fluid flow rate.
The system components may be adapted to generate a second flow control signal in
response to a sensed difference between the actual and desired flow rates that
corresponds to the appropriate adjustment in the valve movement. Other variations
or modifications are also possible for adjustments to the actual flow rate.

[000115] The control system 8 may change the valve movement in response to
flow control signals generated by the control module 10 to alter the flow rate curve.
The actual flow rate may be increased or decreased as appropriate depending on
whether the actual flow rate is less than or greater than the desired flow rate. The
actual flow rate may be monitored continuously or over a selected time period after
such change so as to determine whether the change in the actual flow rate is
sufficient to provide the desired flow rate.

[000116] The comparison between the actual flow rate and the desired flow rate
may occur continuously throughout the fluid delivery therapy or may be performed at
predetermined intervals. The system is preferably adapted to automatically compare
the actual flow rate to a desired flow rate and, based on any difference or a
difference outside of acceptable tolerances, to automatically increase or decrease
the actual flow rate (by adjusting valve pulse width) so as to achieve a desired flow
rate.

[000117] The control system 8 also may operate valve movement in response to

flow control signals generated by the control module 10 such as to monitor for
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abnormalities in the fluid flow. Examples of such abnormalities include unexpected
occlusions or blockages in the flow path, valve malfunctions, an empty fluid source
and/or other flow disrupting conditions. By way of example, the system may monitor
fluid flow in the flow path during operation by forcing the valve to a closed position for
a sufficient time period so that the system recognizes an occlusion or “no flow”
condition through the flow path and the pressure drop across the flow restrictor is
about zero. The valve may be subsequently opened and the pressure drop across
the flow restrictor may be measured. If the pressure drop across the flow restrictor
remains unchanged after opening the valve, then the system may indicate an
occlusion or other “no flow” condition in the flow path such as due to a blockage in
the flow path, valve malfunction, an empty fluid source and/or other factors. In such
example, the control system preferably differentiates from “normal” occlusions in the
flow path that result from the valve closed position, as shown and described at Ty to
Ty, TotoTgand T4t0 Tsin Figure 17 orat T110 T,, T3st0 T4, Tst0 Teand Tz 10 Tgin
Figure 18, during normal operation of the valve to provide the actual flow rate. To
monitor for abnormal occlusions or blockages, the system may, for example, employ
a longer time interval for the valve closed position. Other variations, modifications
and alternatives are also possible. Other procedures for measuring the actual flow
rate may also be employed.

VISCOSITY DETERMINATION
[000118] The present invention may further beneficially provide for determining
the fluid viscosity of the fluid that is being delivered to the patient. The determination
of the fluid viscosity may be helpful to the determination of the actual flow rate so as

to provide a more accurate actual flow rate of a particular medication, to
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accommodate for changes in viscosity due to temperature changes and/or to avoid
having to program different viscosities of various fluids into the system. The control
system 8 may be automatically programmed to determine the viscosity and/or
determine viscosity at one or more selected time intervals prior to or during the flow
profile. Among further benefits of the present invention, the viscosity that is
determined by the control system 8 may be compared to the viscosity of the fluid that
is identified by the health professional, pharmacist or other user at a selected time
such as prior to infusing such fluid to the patient. This comparison may be useful to
avoid misidentification of the fluid that is infused to the patient and control system 8
may further generate an alarm to the user when the determined viscosity is
substantially dissimilar to such user-identified viscosity to avoid infusing such fluid to
the patient.

[000119] In accordance with this aspect of the present invention, the control
system 8 determines viscosity based on a measured decay time of a pressure drop
at a selected location in the fluid flow path 4. Although such determination of
viscosity will be described for the embodiment of Figure 1, any of the embodiments
discussed herein may be employed for determining viscosity.

[000120] As shown in Figure 1, the control module 10 is operatively associated
with the flow sensor 16 for sensing fluid pressure within the fluid flow path 4 at a
selected location upstream of the flow restrictor 14. The flow sensor senses the fluid
pressure through the flow sensing path 18, which communicates with the fluid flow
path 4 upstream of the flow restrictor 14. (Also see flow sensing path 222 upstream
of restrictor 216 in Figure 7). The control module 10 senses a first pressure at a first

time period, when the valve is in the first or open position. Then the valve 12 is
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moved to a closed position, and a second pressure (at the same location) is sensed
at a second time period after the pressure has exponentially decreased to a
relatively lower pressure than the first pressure.

[000121] The graph of Figure 19 shows the differential pressure sensed by the
flow sensor at the selected locations between the upstream and downstream of the
restrictor as the valve is moved between a first and second position at selected time
intervals. More specifically, the pressure curve is highest when the valve is at the
first or opened position (such as between T and T,) and decreases as the value is
moved to the second or closed position. In Figure 19, the time intervals To to T4, T2
to Ts, T4 10 Ts and T to T7 generally correspond to the valve being closed and the
time intervals T110 T,, T3 t0 T4, T5 10 Ts and T7 to Ts generally correspond to the
valve being open. At time interval To to T4, the valve is in the closed position, and
the fluid pressure upstream of the restrictor and downstream of the valve is about 0
psi. Attime T4, the valve is opened and the pressure nearly instantaneously
increases to about 7 psi and remains there for a time interval Ty to T,. Attime T,
the valve is closed and the pressure at the sensed location exponentially decreases
over a time interval from T, to T3 from 7 psi to about 0 psi.

[000122] The control module 10 preferably determines a time interval (At)
between the first and second pressure sensing events, such as measured at times
T, and T, , where n may be any other time instance, and determines the pressure
change or drop (AP) that occurred during such time interval (At). Such time interval
(At) may also be referred to as the decay time (At gecay) @and is preferably
automatically measured by the control module 10 or integrated circuit components

such as by the microprocessor, which may be programmed to automatically measure
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such decay time. The control module 10 may be programmed to measure the decay
time for a predetermined pressure drop to occur. Alternatively, the control module
10 may be programmed to measure a pressure drop that is associated with a
predetermined time interval (At). It is noted that the pressure drop that occurs in the
fluid flow path after closing of the valve generally decreases exponentially according
to the following equation:

P=Ae™
[000123] Where P is the instantaneous pressure; t is the instantaneous time;
and A and B are constants that depend on the fluid viscosity, the dimensions of the
flow restrictor and the section of tubing downstream of the valve.
[000124] The pressure ratio between two pressure sensing events, Py and P»,
which are respectively sensed at two time instants, t1 and t;, may be represented by
the following equations:

P1/P=e™ /e ™',

in (P1/Py) = -B(ty-to)

At=t{-to= - (In P1-n P2)/B=B;({n P1-in Py)
[000125] Where P is the pressure at a first time ty; P, is the pressure at a
second time tp. t1 is the first time; tz is the second time; At is the decay time or time
interval from the first time t; to second time tx for the pressure to drop from P4 1o Py;
Where By (=-1/B) is a constant that is proportional to u L/d*, where p is the fluid
viscosity, L is the length of the flow restrictor, d is the diameter of the restrictor. If the
geometry (L and d) of the flow restriction is fixed and known, the time interval At for a
known pressure drop may be linearly proportional to the viscosity u of the fluid and/or

constants that depend on such viscosity. Thus, such viscosity or viscosity
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dependent constants may be determined by sensing the pressure at the selected
locations between the upstream and downstream of the flow restriction before and
after valve closure for a known time interval, assuming that temperature during such
time interval is constant. Such viscosity may then be used to determine a more
accurate measurement of the actual flow rate to the patient and for comparison to
the desired flow rate as previously described above. In addition, monitoring the
variation of pressure decay time during infusion could be useful for monitoring and
detecting any abnormal condition. As an example, a sudden increase in decay time
signals a flow blockage. On the other hand, a sudden reduction in decay time
signals a shunting around the flow restrictor.
[000126] Prior to actual determination of an unknown viscosity, the system
described above may be calibrated by first flowing a calibration fluid through the
system. The decay time, Aty, of the calibration fluid such as water or air, which has a
known viscosity, 1, is automatically measured. Although calibration may be
performed, the present invention is not intended to be limited to or required such
calibration. If calibration is employed, then a fluid with an unknown viscosity, o,
may be determined by the following equation:

M2- M1 * Ato/Aty
[000127] Where p1 is the viscosity of the calibration fluid; p2is the viscosity of the
delivery fluid; Aty is the decay time of the calibration fluid; and At, is the decay time of
the delivery fluid.
[000128] Optionally, the present invention may employ a temperature sensor or
other temperature measuring device such as a thermocouple, thermistor and the

like, as shown and described in Figure 20 for measuring the temperature of the fluid.
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Such temperature sensor may be employed for determining the viscosity so as to
avoid variations in viscosity due to a change in temperature. It is noted that the
temperature of fluid may be controlled so that it is substantially constant to avoid
variations in viscosity due to temperature. Alternatively, if the temperature of the
fluid varies over the time interval during which viscosity is determined, then the
system may automatically recalibrate so as to adjust the value of the viscosity based
upon sensed differences in temperature. The temperature may be monitored and
any variation in viscosity due to temperature may be calculated as a correction factor
to the measured decay time. Other modifications are also possible.

CONTROL SYSTEM
[000129] As previously described, the illustrated control system 8 in Figure 1

includes a display screen 26 in schematic form. Turning to a more specific example
of a display screen in Figure 2, the indicator or display screen 122 includes various
fluid flow information or conditions. At the top center, the display screen 122
indicates the actual fluid flow rate or “FLOW RATE” (in ml/hr), at the left side in
Figure 2, and the total fluid volume or “AMT DEL”, at the right side in Figure 2.
Below and to the left side, the display screen 122 includes graphical icons including:
a flow sensor status icon, as represented next to the illustrated label, “SENSOR
STATUS”; a flow status icon labeled next to “FLOW STATUS”; an edit mode icon
labeled next to “EDIT MODE”; and a battery status icon labeled next to “BATTERY
STATUS”. The “SENSOR STATUS” icon may graphically indicate when a sensor
malfunction is detected. The “FLOW STATUS” may indicate fluid flow status by an
intermittently flashing fluid symbol if fluid is flowing to the patient or may indicate that

fluid is not flowing such as by a cross-out fluid symbol. The “EDIT MODE” may
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indicate, if present, that the system is being programmed for a particular flow profile
or, if not present, that the system is performing a fluid delivery infusion to a patient.
[000130] Below and to the right side of the display screen 122 in Figure 2, other
flow information may be displayed such as a bolus or maximum amount delivered
during the flow profile or “BOLUS AMT”, a bolus time at which the bolus amount was
delivered or “BOLUS TIME” (in min), a patient control management (PCM) time that
may record the time interval from a patient activated control of the flow profile or
“PCM LOCKOUT” (in min), as will be described later. Variations of this information
may be displayed and/or in combination with other information. It is contemplated
that the flow information may be displayed in any orientation or design and may be
numerical, graphical or other.

[000131] Turning to Figure 20, components of a further embodiment of a
controller 500 are shown in diagrammatic form which, among other features as
described below, includes a display screen similar to that shown and described in
Figure 2. Similar to previously described embodiments, the controller 500 may
include a printed circuit board 502, a flow valve 504, a flow sensor 506, and a power
source such as batteries 508 or transformer 512 for an electrical wall outlet, with a
power control switch 510.

[000132] The system may include an input/output port for connection to an
external connector 514 to allow for transfer of data to/from the control system 500
and an external device such as a computer for downloading or uploading of flow
information. Such information may include flow history information during a

particular flow profile, including actual flow rate and pressure measurements from
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the control system and/or allow a history of several flow profiles to be downloaded
for one or more patients.

[000133] The control system 500 may further include a temperature sensor 516
for measuring the temperature of the fluid. Such temperature sensor 516 is
preferably in electrical communication with the control module 502 and may be used,
as described above to determine fluid viscosity and improve the accuracy of
measurement of the actual flow rate based on variations in temperature. The
temperature sensor may be located within any of the control systems described
herein or may be externally associated with such control system.

[000134] In Figure 20, an indicator module or display screen 516 provides for a
numerical or graphical display of flow information or conditions. The control

system 500 may include flow status visual indicators 518 and 520 that may be
respectively associated with off and on fluid flow conditions. By way of example in
Figure 20, the indicators 518, 520 may be color coded LED’s, e.g., red and/or green,
that are respectively associated with a “no flow” condition, where no fluid is flowing to
the patient, and a “flow” condition, where fluid is flowing to the patient. A single flow
status visual indicator 128 is also shown in Figure 2, which may indicate flow status
such as be changing color, or otherwise providing an indicating signal, as
appropriate to “flow” or “no flow” conditions.

[000135] The control system 500 in Figure 20 further includes a patient
controllable interface, generally indicated at 522, which may include a plurality of
actuators such as buttons 524, 526, 528, 530. As shown in the more detailed
user/patient interface in Figure 2, a plurality of actuators 132, 134, 136 and 138 such

as push buttons or the like allow for user and/or patient adjustment of flow
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conditions, as will be described later. Although four actuators or push buttons are
illustrated in Figures 2 and 20, any number of actuators may be used.

[000136] Turning to Figure 21, an alternate indicator module, generally indicated
at 600, may be employed in any of the control systems described herein. Figure 21
shows and “edit mode” in which a user may program the control system for a
particular fluid delivery therapy. The “edit mode” is preferably employed by the user
such as a doctor or pharmacist for programming of the system to operate according
to a preset flow profile. In such “edit mode,” the user may program various flow
conditions such as an initial flow rate, a basal or sustained flow rate and/or a flow
rate that changes over time, a bolus or maximum flow rate, a desired flow rate as
well as other flow conditions.

[000137] In Figure 21, the indicator module 600 may include two flow status
LEDs 602 and 604 which correspond to “flow” and “no flow” conditions such as
described and shown in Figure 20. All or a portion of the indicator module 600 may
include a generally planar front surface 608, which provides a display screen 610 for
displaying various fluid flow information conditions. In Figure 21, the display screen
610 may be divided into a plurality of sections such as a top section 612, a bottom
left section 614 and a bottom right section 616. The top section 612 may include
flow information such as the actual flow rate 618, which may be determined as
described herein, and further may include the total amount of fluid 620 delivered to
the patient. The bottom left section 614 may include other fluid flow information such
as a flow status icon 622, an edit mode icon 624, and a battery status icon 626.
[000138] During the “edit mode”, the flow status icon 622 includes an “X” symbol

that corresponds to one type of “no flow” condition through the system. Other types
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of “no flow” conditions will be described below. As also shown in Figure 21, the edit
mode icon 624 is displayed to indicate that the system may allow for the user to
enter desired fluid flow therapy conditions such as a desired flow rate and/or other
flow information conditions. The bottom right section 616 may include flow
information such as a bolus fluid flow amount 628 or other fluid volume that may be
delivered during a relatively short or instantaneous amount of time. Such bolus
amount generally is delivered at a greater or maximum flow rate than the flow rate
just prior to the bolus or alternatively is delivered at a maximum flow rate. The
bottom right section 616 may also display information as to a bolus time interval that
may be measured from when the bolus is activated or delivered. The display may
toggle between indicating the bolus amount and bolus time interval, depending on an
arrow 630 that indicates which information is between displayed. The bolus time
may be preprogrammed by the control system and/or preset by the user that
prevents patient activation of a bolus event until such preprogrammed or preset
period has elapsed. The bottom right section 616 may also include a patient
controlled management PCM lockout time 632, which may be measured from a
patient activation, i.e., to increase or decrease flow and/or otherwise control fluid
flow. The PCM time may automatically measured and compared to a
preprogrammed or preset time interval to prevent another patient activation, e.g., to
increase fluid flow, until a preset period has elapsed.

[000139] An edit control 634 and a PCM control 636 may allow adjustment to
flow fluid rate and/or flow profile by the user and/or patient. Actuators and/or
controls 638, 640, 642 and 644 may further allow for programming of or adjustment

to the flow profile by the user and/or patient. One or more of such controls or
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actuators may allow for the system to be toggled between the “edit mode” during
which fluid delivery is stopped and a “patient mode,” as shown in Figure 22, which
allows for the fluid delivery to the patient and may allow adjustments in the fluid flow
based on patient activation.

[000140] In Figure 22, the control system is shown in a “patient mode” during
which the patient may be permitted to control the flow or to allow control within
preprogrammed or preset limits. The display screen 610 is similar to the display
screen shown in Figure 21 except that the flow status icon 622 indicates a “flow”
condition in which fluid is flowing through the system although it is possible for the
system to indicate a change in the flow status icon to indicate a “no flow” condition.
Examples of some types of “no flow” conditions may include when the total desired
amount of fluid volume has been infused to the patient, when the infusion fluid
source is empty, when a malfunction in the valve operation has occurred, and/or
when the flow path is occluded. As shown in Figure 22, the edit mode icon 624 is
not displayed. Also, in such “patient mode,” the patient may initiate a bolus and/or
basal amount using one or more actuators 638, 640, 642 and 644, in accordance
with features as described further below.

REUSABLE CONTROLLER AND DISPOSABLE FLUID DELIVERY FLOW SET

[000141] Turning to Figures 23-30, a further embodiment of a fluid delivery
system is illustrated which may be used for ambulatory patients. The system,
generally indicated at 700, includes a durable, reusable controller 702 and a
disposable fluid flow delivery set or circuit, generally indicated at 704. As shown in
Figures 23-24, the reusable controller 702 is intended for repeated use and does not

directly contact the fluid being administered to the patient while the disposable flow
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set 704, through which the fluid flows, is intended for one-time use only. By way of
example and not limitation, such system 700 may be employed to delivery a pain
medication, a local anesthesia for a peripheral nerve block or epidural analgesia, an
analgesic or other anesthetic agent such as by a flow profile that delivers a
decreasing amount of fluid over a selected time interval. It is contemplated that
other types of flow profiles may be employed depending on the specific needs of the
patient.

DISPOSABLE FLUID DELIVERY FLOW SET
[000142] The disposable fluid flow set 704 generally includes a flow control
module 706 and a fluid flow path 708, preferably in the form of plastic tubing, similar
to the fluid flow path in Figures 1-3, for communicating between a fluid source and a
patient. The flow control module 706 is preferably attached to and part of the
disposable flow set 704 and is adapted to be removably received by the reusable
controller 702.
[000143] As shown in more detail in Figures 26-27, the flow control module 706
includes first and second housing portions 710 and 712 that generally enclose flow
control components discussed in more detail below. As illustrated, the flow control
module is attached to the tubing of the flow path 708, which is routed through the
various flow control components. The module is connected to the reusable
controller 702 by insertion into a module interface or receiving station 714 in the form
of recess or cavity. The shape and configuration of the flow control module may vary
depending on the design requirements. By way of example and not limitation, in
Figures 23 and 25, shape and configuration of the flow control module 706 may be

non-symmetrical, and the receiving station complementarily shaped, so that the
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module can only be inserted in a single orientation and/or avoid improper assembly
of the flow system 700. With reference to Figure 26, it may be seen that the flow
control module 706 has a notch 716, which may be located on one or both sides of
the module 706 defined in the surfaces of one or both of the first and second housing
portions 710, 712. Each notch 716 may include an engagement surface 718 (see
Figure 30) and a sloped surface 720 (also in Figure 30) and such surfaces of the
notch are preferably shaped and configured to engage complementary projecting
surfaces within the reusable controller to latch the module and controller together
when the module is inserted in the receiving station 714.

[000144] The disposable set 704, and more specifically the flow control module
706 includes inlet and outlet 722 and 724 that are each associated with the tubing
that forms the fluid flow path 708. More specifically, the tubing itself may be routed
through module 706 or may be attached to separate inlet and outlet ports on the flow
control module. A stress relief 726 may be associated with one or both of the inlet
and outlet ports 722, 724 to reduce stress or occlusion of such ports, and/or provide
a gripping surface for assisting the user or patient to insert or remove the flow control
module 706.

[000145] As best seen in Figures 26-27, the disposable flow set 704 includes a
flow control valve, generally indicated at 728 such as the type shown in Figures 9-11
or Figures 12-14 and described above, and a flow sensor module 730, such as
shown in Figures 4-8 and as described above. As such, the flow control valve 728
preferably employs a shape memory activator for moving the valve between closed
and open positions upon passage of electrical current therethrough. The flow sensor

module 730 may include a flow (or differential pressure sensor) sensor 732 and a
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flow restrictor 734 through which the fluid flows. In the embodiment shown in
Figures 26 and 27, it may seem that the tubing forming flow path 708 is routed
through a channel or slot 735 in the flow control valve housing similar to that shown
in Figures 9-11. The tubing is then connected to inlet 736 of the flow sensor 732,
and a continuation of tubing is attached to outlet 738.

[000146] To provide any needed electrical power to the flow control module 706
and to provide a data or signal line to the reusable controller 702, conductive
terminals 740 and 742 extend from the end of the module for mating with
cooperative terminals within the receiving station 714 of the controller when the flow
control module is inserted into the station (see Figure 29).

REUSABLE CONTROLLER

[000147] In Figures 23-25, the illustrated controller 702 includes a first housing
portion 750 and a second housing portion 752. The reusable controller 702
preferably defines the module interface or receiving station 714 that provides the
receiving cavity for receiving the disposable flow control module 706 of the
disposable flow set 704, in one side wall of the controller. As noted above, the
station 714 and the module 706 preferably have a complementary non-symmetrical
shape that allows insertion of the module into the cavity in only one position, such as
shown in Figures 23 and 25.

[000148] The first housing portion 750 includes a front surface 756 which may
include a flow information indicator or display screen 758 and/or a user/patient
interface module, generally indicated at 760. The illustrated interface module 760
includes a plurality of flow controls, actuators or buttons, labeled as 1, 2, 3 and 4,

that, when activated, may provide different flow profiles in response to the
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medication needs of the patient, as described further below. Actuators 762 may be
located at each side of the controller 702, projecting through a complementary
opening 764 formed in each side of the housing portions 750, 752. As described
later, the actuators are movable by compressing or squeezing the together to
mechanically release the flow control module for removal from the receiving station
714.

[000149] As best seen in Figures 28-29, the reusable controller 702 includes
various internal components similar to those previous described above, such as a
printed circuit board 766 and associated memory devices and microprocessor(s);
display components 758; user input devices, an energy source 768 and/or other
components. The energy source 768 may include one or more batteries (or,
alternatively, an external power supply) that are electrically connected via an
electrical contact for supplying power to the controller and/or the PCB. The internal
controller components are shown arranged in a compact, stacked orientation at the
top or upper portion of the reusable controller 702 in Figures 28-29 with the receiving
station 714 being defined in a lower or bottom side edge portion for receiving the
disposable flow control module 706, although other arrangements are also possible.
[000150] The reusable controller 702 may include an actuator arm 770 for
removably connecting the flow set 704. The actuator arm 770 includes a first end
772 and a second end 774. The first end 772 may be pivotably mounted inside the
controller 702 such as, for example, by attachment to a sleeve 776 for relative
pivotable movement about the respective pivot 778. At a location intermediate the
ends, the arm 770 attached to a separate sleeve 780, which receives a post member

782 and is pivotable about the post member. The actuator arm 770 curves
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outwardly between the two pivot locations and is accessible through each opening
764 of the housing portions 750, 752 in Figures 23-24. The actuator arm 770 is
preferably made, at least in part, of a flexible resilient material so that application of
compressive force to the actuators 762 allows for the actuator arm to move or flex
inwardly from the housing portions 750, 752 and thereby cause pivotable movement
of the second end 774 about the pivot 778. In the illustrated embodiment, two
actuator arms 770 are used on opposite sides of the controller, and only one may
also be sufficient to hold the flow control model 706 in this receiving station 714. The
application of force to the actuators 762 may be applied simultaneously to both
actuators 762 by the user’s thumb or forefinger so as to move the actuators 762
simultaneously.

[000151] As shown in Figure 30, the second or free end 774 of each actuator
arm 770 extends through a respective opening 792 formed in opposing side walls
defining the station 714. The second end 774 includes an inwardly extending hook-
like projection 794 for extending through the opening 792. The projection 794
includes a taper lead surface 796, which allows the control module 706 to force the
arm outwardly as it is inserted into the receiving station 714. In other words, during
insertion of the flow control module, the free end 774 is pivoted by engagement with
the module from a first position, as shown in solid lines in Figure 30, to a second
position, as shown in dashed lines in Figure 30. Upon complete insertion of the
control module 706, the free end 774 returns, via resilient biasing force of the arm
770 itself, to a position engaging the module to prevent inadvertent withdrawal.
Each notch 716 of the flow set 704 preferably is located for alignment with the

respective free end 774 so that the module 706 may be inserted into the reusable
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controller 702 with the gripping attachment 726 preferably being disposed outside of
the controller 702 to assist in withdrawal of the spent module. Although such flow
set is shown as being inserted into the controller near the bottom thereof in a
generally upwards insertion direction, other locations and orientations are also
possible.

SYSTEM AND METHODS FOR PATIENT CONTROLLED FLUID DELIVERY

[000152] Although not limited to pain management, further aspects of the
present invention make it particularly well suited for controlling medical fluid flow for
patient pain management. By way of example and not limitation, any of the above
described controllers may be adapted to provide a selected flow rate or flow profile
that varies or remains constant over a selected time period in accordance with a
desired fluid therapy. The controller may be adapted for use for a plurality of
different therapies and allow for selection of a particular therapy by the health
professional or patient. For example, the physician and/or patient may select the
actual flow rate or flow profile and the duration of the flow profile. Further, in
accordance with previously described features, the actual flow rate may be
controlled and/or the viscosity, temperature and other flow conditions may be
determined so that the actual flow rate may be accurately controlled within
acceptable tolerances to provide a desired flow rate for the selected therapy. Such a
controller preferably may also allow for patient control or variation of the flow profile
during use, if desired by the patient.

[000153] Turning to Figure 31, the illustrated flow profile is one example of a
pain management or “nerve-block” analgesia therapy in which the patient is

administered an infusion fluid that is intended to block sensed levels of pain while
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still conscious. Numerous other flow profiles are possible and may depend on the
type of fluid, the patient’s health, the type of surgery employed on the patient and/or
the recommended medical treatment. It is contemplated that the illustrated flow
profile or others may be utilized with any of the embodiments described herein and
preferably the embodiment in Figures 23-30. In such applications, the pressure of
the location into which the infusion fluid is being may change and yet it is highly
desired to maintain the desired flow rate.

[000154] In Figure 31, a first flow mode or “preset flow profile” may include an
initial flow rate and a sustained flow rate that decreases linearly with time from the
initial flow rate to a final or minimum flow rate. The “preset flow profile” in Figure 31
is one example of a basal-type infusion to the patient, although other flow profiles are
also possible. By “basal” it is meant that the fluid flow to the patient includes a
relatively lower flow rate or flow profile over an extended time period in contrast to a
bolus-type infusion, which provides a relatively higher flow rate or flow profile over a
relatively shorter or instantaneous time period, as described further in connection
with the example shown in Figure 32.

[000155] The illustrated basal or “preset flow profile” in Figure 31 may be set by
the healthcare professional or other user and/or programmed by the control system
according to preset parameters or a combination thereof. The illustrated basal or
“preset flow profile” may be beneficial for administering a local analgesic to a patient
during a post-operative period, in which the initial flow rate corresponds generally to
a relatively higher sensed level of pain by the patient and the flow profile gradually
decreases or tapers from the initial flow rate as the patient’s pain level generally

decreases during the post-operative period. By way of example and not limitation,
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the initial flow rate may be varied between approximately 2 and 12 mL/hr, although
such initial flow rate may also depend on the patient and the patient’s initial pain
level. For reference purposes in Figure 31, the initial flow rate occurs at time T, and
the preset flow rate decreases automatically from the initial flow rate to the final flow
rate or minimum flow rate at time T3 within a preset time interval, such as for
example, a post-operative period of up to about 72 hours. Other variations in the
flow profile, such as profiles having a non-linear or varying slope, and/or profiles
having varying duration are also possible.

[000156] In Figure 31, a second flow mode of the flow profile includes an “actual
infusion profile” that provides an instantaneous decrease in the actual flow rate at a
first time T1 preferably in response to patient activation of the patient controllable
interface, as described above. More particularly, patient activation may be provided
by the patient pressing one or more of the actuators 30 in Figure 1, actuators 132,
134, 136, 138 in Figure 2, actuators 524, 526, 528, 530 in Figure 20 or actuators 1,
2, 3, 4 in Figure 23, as shown and described above. It is also possible that such
actuators may require that the patient actuate or press such actuator twice in
succession within a relatively limited time frame as confirmation of that activation is
desired and/or to avoid inadvertent actuation. Other modifications and alterations
are also possible. Such actuators may be differentiated from one another by color-
code or other symbols or indicia that provide an indication to the user, which is
representative to the patient’s a sensed level of pain.

[000157] In Figure 31, such patient activation creates a relatively constant and
lower fluid flow rate for a time interval AT1 between time T1 and time T2. Such

patient-activated or actual flow profile may deviate from the prior basal or “preset
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flow profile” relatively instantaneously, as shown in Figure 31, or may be more
gradual. The illustrated “actual infusion profile” may be provided, for example, to a
patient that has an adverse reaction to the fluid and that needs a reduction in the
flow rate for a certain time period until the reaction has subsided. Alternatively, such
actual flow profile may provide a minimum or keep-open flow rate to a patient that is
experiencing little to no pain for a selected time period. Other “actual infusion
profiles” that limit flow are also possible, including but not limited to a flow profile
that, upon patient activation, stops the fluid flow to the patient for a preset period of
time. Any number of variations are possible with a programmable controller
dependent on the needs of the patient and prescribed treatment by the health
professional.

[000158] The time interval AT1 between about T1 and T2 may be a
predetermined period of time such as for example between about 2 hours and 4
hours although other time periods are possible. At the end of such predetermined
time interval, the flow profile at about second time T2 may return or resume the prior
or preset flow profile. Return to the preset flow profile may be instantaneous as
shown in Figure 31 or may occur more gradually over a selected time period. Fluid
flow may then continue according to the preset flow profile until a final time T3 unless
the patient activates another variation in the flow profile. The preset flow profile at
the final time T3 may terminate when the fluid source is exhausted such as by
detecting a pressure drop in the fluid flow path that results from an empty fluid
source, for example, a pressure drop that is less than about 0.5 psi that is not the
result of an occluded flow path. Alternatively, the controller may be programmed to

automatically shut off upon reaching a targeted time period or desired administered
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fluid volume such as when a preset flow profile period has elapsed and/or a desired
fluid volume has been delivered to the patient.

[000159] During the time interval AT1, the system may be programmed to
prevent patent attempts to make changes to the flow profile for a certain period of
time. This may be referred to as a “lockout time period” because the patient is, in
effect, locked out of the system with respect to further fluid flow changes after patient
activation. For example in Figure 31, a lockout period may begin at time T1 such
that attempted patient activation of other actuators or controls would not result in any
change to the flow profile in Figure 31 until such lockout period has elapsed. The
time interval AT1 may be preset, such as for example, between about 2 t0 4 hours
during which other patient changes may not be allowed, although other lockout time
periods are also possible.

[000160] In Figure 32, an alternate flow profile is illustrated, which also includes
a “preset flow profile” similar to Figure 31 in accordance with a basal-type infusion.
During a first flow mode defined between a time TO to a first time T1, fluid flows at an
initial flow rate at time TO and subsequently flows at a sustained basal flow rate that
linearly decreases from time TO to time T1. Attime T1, patient activation initiates a
second flow mode, such as by activating or pressing a different actuator of the
patient controllable interface than that used for Figure 31, such as one of actuators
30 in Figure 1, actuators 132, 134, 136, 138 in Figure 2, actuators 524, 526, 528,
530 in Figure 20 or actuators 1, 2, 3, 4 in Figure 23, as shown and described above.
Such second or patient-activated flow mode generally deviates from the “preset flow
profile” resulting in one or more changes to the actual flow rate of fluid received by

the patient.
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[000161] At time T1, the second or patient activated flow mode of the flow profile
includes an “actual infusion profile” that provides an increase in the actual flow rate
at a first time T1 preferably in response to patient activation of the patient
controllable interface, as described above. The illustrated increase in Figure 32
initially provides a “bolus flow” or a relative maximum fluid volume that is delivered to
the patient at time T1 by a relatively rapid and/or instantaneously flow. One example
of a bolus flow may include a fluid volume of about 2 to 5 mL that may be delivered
to the patient during a time period that varies between about 0 and 5 minutes,
although other variations are also possible. The bolus flow may be delivered at a
relatively high or maximum flow rate as indicated in Figure 32. The amount and
duration of the bolus flow may vary.

[000162] In Figure 32, after time T1 or after the “bolus flow”, the second or
patient-activated flow mode then provides an “actual infusion profile” at an increased
fluid level, which is preferably responsive to an increased pain level sensed by the
patient. In Figure 32, the “actual infusion profile” includes a patient-activated
sustained or basal-type fluid flow rate that remains constant after time T1 until a time
T2, although other flow rates are also possible. Such sustained flow rate is relatively
greater than the basal flow rate of the “preset flow profile” just prior to patient
activation at time T1. As shown in Figure 32, the patient-activated sustained flow
rate may be sustained over a relatively longer portion of the time interval AT1 than
the duration of the bolus flow. Such sustained flow rate may be sustained until time
T2, which provides for return to the “preset flow profile” until a final time T3, unless

the patient activates another variation in the flow profile.
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[000163] As is described above, in an embodiment the device allows the health
care provider and patient to deliver a treatment therapy which may be targeted to a
dynamically shifting pain profile.

[000164] Other flow profiles may be provided for different sensed pain levels that
are experienced by the patient. Preferably, each actuator 30 (in Figure 1), 132, 134,
136, 138 (in Figure 2), 524, 526, 528, 530 (in Figure 20) or 1, 2, 3, 4 (in Figure 23)
provides an indicator, numeric, graphical or otherwise, of a pain level so that the
patient may select an actuator that is proportional to the sensed level of pain. By
way of example and not limitation, patient selection of button 1 in Figure 23 may
provide the reduced actual flow in Figure 31. Patient activation of a different button
such as one of actuators 2, 3 or 4 in Figure 23 may provide the increased actual
infusion profile in Figure 32, which upon such activation, the control module
proportionally increases the flow rate to approximately 25% greater than the preset
flow profile flow rate at the time of such patient activation. A plurality of different
actuators may be employed, as shown and described in the embodiments, and
appropriately labeled to correspond to different or graduated pain levels so that each
actuator, when activated, provides a changed flow profile that is suitable to the
sensed pain level of the patient. Other flow profiles are possible based on different
sensed pain levels of the patient. By way of example and not limitation, the patient
may select from actuators, such as actuators 1, 2, 3 or 4 in Figure 23, that may
provide different decreased flow rates and/or that may provide a bolus flow and
subsequent basal flow rates that proportionally increase the fluid flow rate to
relatively higher sensed pain levels of about 25% or 50%, respectively, for the time

interval between time T1 and time T2. One of the actuators 1, 2, 3 or 4 also may
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correspond to a patient activation that stops fluid flow until active restart of the
control system. Other variations are also possible.

[000165] Similar to Figure 31, there may be a patient “lockout time period” that
prevents patient activation during a selected period of time after patient activation of
the “actual infusion profile” with associated bolus and basal flow rates shown in
Figure 32. For example, during the first time interval AT1 and after the initial
maximum or bolus flow volume, the system may be programmed with a preset “bolus
lockout time period”. If, for example, the bolus lockout time period is set at about 1
hour and the first time interval AT1 is about 2 hours, then the bolus lockout time in
Figure 32, may elapse at time T1.5 to allow a subsequent bolus flow if activated
thereafter. During first time interval AT1, there also may be a “basal lockout time
period” to prevent changes to the patient-activated sustained or basal flow rate until
such lockout time period has elapsed. In Figure 32, if, for example, the “basal
lockout time period” for the patient-activated sustained flow rate is about 2 hours and
the first time interval AT1 is about 2 hours, then the patient may not change such
sustained or basal flow rate until the lockout time period has elapsed at time T2.
Variations to these lockout time periods are possible. In the example shown in
Figure 32, the “actual infusion profile” automatically returns to the “preset flow profile”
at about time T2 although another patient activations may be initiated as described
above. Itis contemplated that there may be numerous combinations and
permutations of flow profiles that may employed, apart from those described and
shown in Figures 31-32, with even greater combinations of the bolus and basal flows
and lockout times and these may vary depending on several factors, as discussed

above.
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[000166] In one example, the preset flow profile may include an initial or basal
flow rate that is set between about 3 and 5 ml/hr and a final flow rate of about 2ml/hr,
with a maximum or bolus flow rate of about 10 ml/hr. Another example of a flow
profile includes an initial or basal flow rate that is set between about 6 and 7 ml/hr, a
final flow rate of about 3 ml/hr and a maximum or bolus flow rate of about 12 ml/hr.
A further example of a flow profile includes an initial or basal flow rate between about
8 and 12 ml/hr, a final flow rate of abut 3 ml/hr and a maximum or bolus flow rate of
about 12 ml/hr. Other flow profiles are also possible.

[000167] The preset flow profile may be set such as by allowing the healthcare
professional and/or patient to program one or more of the flow conditions. By way of
example, the user and/or patient may set one or more of the initial or basal flow rate,
the final flow rate, the rate of change of the flow rate, the maximum or bolus flow
rate, the bolus amount, the total delivered flow volume, the basal lockout time, the
bolus lockout time and/or other flow parameters or conditions. Alternatively, the
controller may be programmed with a plurality of preset parameters and/or allow
profiles and allow the user to select a desired flow profile from among such profiles.
For example, the controller may be programmed to allow the user to select only an
initial or basal flow rate and/or a rate of change of such flow rate such as an initial
flow rate between about 3 and 12 ml/hr, which increments or decreases 1 ml/hr. The
remaining parameters may be automatically selected and/or preprogrammed based
on the user selected initial flow rate. Other variations are also possible including
allowing the flow profile to be set by a healthcare professional and not subject to

change by the patient.
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[000168] As can be seen from the above description, the present invention has
several different aspects, which are not limited to the specific structures shown in the
attached drawings and which do not necessarily need to be used together. For
example, it is preferred but not required to employ the viscosity determination in
association with the flow rate detection. Variations of these concepts or structures
may be embodied in other structures for carrying out delivery of medical fluids or
other fluids without departing from the present invention as set forth in the appended

claims.
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[000169] CLAIMS:

1. A medical fluid delivery system for controlling medical fluid flow for
patient pain management, the system comprising:

a fluid flow path communicating between a source and a patient;

a patient controllable interface adapted to permit patient control of fluid flow to
provide a sustained flow rate in the fluid flow path that is responsive to a sensed pain
level of the patient; and

a control module operably associated with the fluid flow path and the patient
controllable interface, the control module being adapted to provide a first fluid flow
rate in the fluid flow path and to change to the sustained flow rate in response to
activation of the interface by the patient.

2. The system of claim 1 wherein the sustained flow rate is greater than
the first flow rate at the time of activation.

3. The system of claim 1 wherein the sustained flow rate is less than the
first flow rate at the time of activation.

4, The system of claim 1 wherein the sustained flow rate is approximately
zero.

5. The system of claim 1 wherein the sustained flow rate is sustained for
a predetermined time interval.

6. The system of claim 1 wherein the control module is adapted to change
to a patient-selected maximum flow rate for a first time interval prior to such change
to the sustained fluid flow rate for a later second time interval, wherein the first time

interval is less than the second time interval.
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7. The system of claim 6 wherein the control module is adapted to change
to a subsequent patient-selected maximum flow rate for a later third time interval.

8. The system of claim 1 wherein the control module is operatively
associated with the fluid flow path for determining an actual fluid flow rate based, at
least in part, on the determined viscosity of the fluid.

9. The system of claim 1 wherein the control module is operatively
associated with the fluid flow path for determining an actual fluid flow rate based, at
least in part, on a determined viscosity of the fluid.

10.  The system of claim 1 wherein the control module is operatively
associated with the fluid flow path for determining an actual fluid flow rate in the fluid
flow path based, at least in part, upon a sensed difference in fluid pressure within the
fluid flow path.

11. A method for controlling medical fluid flow for patient pain management
for use in a medical fluid delivery system, the method comprising:

flowing fluid through a fluid flow path to the patient at a first flow rate;

providing a patient controllable interface adapted to permit patient control of
fluid flow to provide an actual sustained flow rate in the fluid flow path that is
responsive to a sensed pain level of the patient; and

flowing fluid through the fluid flow path at a second flow rate in response to
activation of the interface by the patient.

12.  The method of claim 11 wherein the second flow rate is greater than
the first fluid flow rate at the time of activation.

13.  The method of claim 11 wherein the second flow rate is less than the

first fluid flow rate at the time of activation.
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14.  The method of claim 11 wherein the second flow rate is approximately
zero.

15.  The method of claim 11 wherein the flowing at the second flow rate
occurs for a predetermined time interval.

16.  The method of claim 11 wherein the flowing at the second flow rate is
repeated after a predetermined time interval.

17.  The method of claim 11 further comprising changing the fluid flow
through the fluid flow path to a first patient-selected maximum flow rate for a first
time interval in response to activation of the interface by the patient prior to flowing
fluid at the second fluid flow rate at a later second time interval, wherein the first time
interval is less than the second time interval.

18.  The method of claim 17 further comprising changing to a second
patient-selected maximum flow rate for a third time interval after the second time
interval, wherein the third time interval is less than the second time interval and the
second time interval is greater than a predetermined minimum time period so as to
avoid flowing fluid at the second patient-selected maximum flow rate for such
predetermined time period.

19.  The method of claim 11 further including providing a controller operable
to generate at least one flow control signal in response to a selected patient
activation.

20.  The method of claim 11 further comprising determining an actual fluid
flow rate in the fluid flow path based, at least in part, on the determined viscosity of

the fluid.
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21.  The method of claim 11 further comprising determining an actual fluid
flow rate in the fluid flow path based, at least in part, upon a sensed difference in

fluid pressure within the fluid flow
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Relevant to claim No.

X

WO 2005/056087 A (CARDINAL HEALTH 303 INC
[US]) 23 June 2005 (2005-06-23)
" figures 1-23
page 13, line 26 - page 1, line 15
"US 5 069 668 A (BOYDMAN SCOTT A [US])
3 December 1991 (1991-12-03)
figures 1,2 '
column 7, line 6 - column 11, line 23
claim 1
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International Application No. PCT/US2008 /078562

FURTHER INFORMATION CONTINUED FROM PCTASA/ 21(

Continuation of Box II.1

Claims Nos.: 11-21

The method of claims 11-21 for controlling medical fluid flow is carried
out wihtin a human body. These methods are forming part of a therapeutic
procedure (flowing fluid to the patient) and can therefore not be
regarded as an invention which is susceptible of industrial application.
The application does not meet the requirement of Rule 39.1(iv), because
this claim is a method of treatment of the human body.




International application No.

INTERNATIONAL SEARCH REPORT | PCT/US2008/078562

Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. [)a Claims Nos.: 11-21
because they relate to subject matter not requrred to be searched by thls Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

2. D Claims Nos.:
because they relate to parts of the international apptication that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. I:' Claims Nos.: )
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers allsearchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

w

As only some of the required additional search fees were timely paid by the applicant, this international search reportcovers
only those claims for which fees were paid, specifically claims Nos.:

4. l:‘ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicabl'e protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)
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Information on patent family members

International application No

PCT/US2008/078562
Patent document Publication Patent family Publication

cited in search report date member(s) date
WO 0047255 A 17-08-2000 DE 60022441 D1 13-10-2005
DE 60022441 T2 - 22-06-2006
EP 1069921 Al 24-01-2001
JP 2002536127 T 29-10-2002
- JP 2007098184 A 19-04-2007
us 6231560 Bl 15-05-2001
US 2001025156 Al 27-09-2001
US 6807965 Bl 26-10-2004 US 2007213658 Al 13-09-2007
US 2008021379 Al 24-01-2008
US 2002017296 Al 14-02-2002
\ us 2005010165 Al 13-01-2005
US 2005010166 Al 13-01-2005
US 2002017299 Al 14-02-2002
US 2005112325 Al 26-05-2005
WO 2007033025 A 22-03-2007 EP 1933929 A2 25-06-2008
- US 2007060874 Al 15-03-2007
WO 2005056087 A 23-06-2005 AU 2004296821 Al 23-06-2005
CA 2548258 Al 23-06-2005
CN 1901954 A 24-01-2007
EP 1694386 Al 30-08-2006
JP 2007518471 T 12-07-2007
US 2005177096 Al 11-08-2005

- US 5069668 A 03-12-1991 NONE
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