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ENTERAL FEEDING PUMP DOCKING STATION HAVING
INTEGRATED FLUSH MODULE

FIELD OF THE INVENTION
[0001] The present invention relates to a device and method for flushing an
administration set with flushing liquid after the administration set is used to deliver

nutritional liquid to a user.

BACKGROUND OF THE INVENTION
[0002] Programmable enteral feeding pumps are used to carry out controlled
delivery of nutritional liquid to a user. In a common arrangement, an enteral feeding
pump receives a disposable administration set comprising flexible tubing having a
tubing segment designed to be engaged by a pumping mechanism of the enteral
feeding pump. One end of the flexible tubing connects to a source of nutritional
liquid, and the other end of the flexible tubing is arranged to deliver the nutritional
liquid directly into the gastrointestinal tract of the user. Highly viscous nutritional
liquids, for example mother’s milk, tend to collect on the inner wall of the flexible
tubing and clog the flow passageway. As a result, actual delivery of nutritional liquid
to the user may be reduced relative to the prescribed or intended delivery.
[0003] It is known to flush administration set tubing by forcing a flushing liquid,
such as water, to flow through the tubing. For example, a flushing operation may be
recommended before and/or after a feeding operation is performed. Manual flushing
may be carried out by positioning a syringe loaded with the flushing liquid at one end
of the tubing, and injecting the flushing liquid into the tubing to flow through the
tubing and flush nutritional liquid residue from the tubing. This type of manual
flushing operation is laborious and requires that the administration set be
disconnected from the pump, the source of nutritional liquid, and the user’s feeding
port or feeding tube.
[0004] Automated flushing apparatus are known, whereby the pumping
mechanism of the enteral feeding pump is used to force flushing liquid through the
tubing of the administration set. U.S. Patent No. 7,896,859, taken together with

-1-
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international publication WO 2005/115501, describes an apparatus wherein the
administration set has a feed tubing branch and a flush tubing branch merged at a
switchable flow valve into a pump tubing portion. The feed tubing branch is
connected to a source of nutritional liquid, whereas the flush tubing branch is
connected to a source of flushing liquid. The pump tubing portion and the flow valve
are loadable into a programmable enteral feeding pump which includes a motorized
valve actuator for switching the flow valve among a feed position, a flush position,
and a blocking position, whereby either nutritional liquid or flushing liquid may be
selected for pumping through the pump tubing portion or no flow is permitted through
the valve so that the valve may be unloaded from the pump. The disclosed apparatus
adds weight and complexity to the enteral feeding pump, which is undesirable in
pumps intended for ambulatory usage.

[0005] What is needed is an apparatus which facilitates flushing of an enteral

feeding administration set without the drawbacks mentioned above.

SUMMARY OF THE INVENTION

[0006] The present disclosure provides a docking station for removable
connection to an enteral feeding pump that enables automated flushing of an
administration set loaded in the enteral feeding pump. The docking station may
generally comprise a valve seat configured to receive a switchable flow valve of the
administration set, a flush controller, an actuator connected to the flush controller and
configured to releasably mate with the switchable flow valve when the switchable
flow valve is received by the valve seat, and data communication means by which
data signals sent by the enteral feeding pump are inputted to the flush controller of the
docking station when the enteral feeding pump is connected to the docking station. In
operation, the flush controller may receive a flush command sent by the enteral
feeding pump and transmit a control signal to the actuator for switching the
switchable flow valve to a flush position in response to the flush command.

[0007] A method of flushing tubing of an enteral feeding administration set
according to the present disclosure may generally comprises the steps of connecting

an enteral feeding pump to a docking station, connecting a flush tubing branch of the
2.
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administration set to a source of flushing liquid, loading a pump tubing portion of the
administration set in the enteral feeding pump, mating a flow valve of the
administration set with an actuator of the docking station, receiving a user flush
command, operating the actuator to move the flow valve to the flush position in
response to the user flush command, and operating the enteral feeding pump to pump
flushing liquid from the source of flushing liquid through the flush tubing branch, the
flow valve, and the pump tubing portion. The flush command may be entered by the
user by way of a user interface of the enteral feeding pump.

[0008] The disclosure further provides an enteral feeding pump system which
may comprise an administration set, an enteral feeding pump, and a docking station.
The administration set may include a feed tubing branch connectable to a source of
nutritional liquid, a flush tubing branch connectable to a source of flushing liquid, a
flow valve connected to the feed tubing branch and the flush tubing branch, and a
pump tubing portion connected to the flow valve, wherein the flow valve has a feed
position wherein the flow valve permits flow communication between the feed tubing
branch and the pump tubing portion and prevents flow communication between the
flush tubing branch and the pump tubing portion, and wherein the flow valve has a
flush position wherein the flow valve permits flow communication between the flush
tubing branch and the pump tubing portion and prevents flow communication
between the feed tubing branch and the pump tubing portion. The enteral feeding
pump may be configured to receive the pump tubing portion, and may include a
pumping mechanism acting on the pump tubing portion to pump liquid through the
pump tubing portion in a flow direction away from the flow valve. The docking
station may include an actuator configured for mating with the flow valve, wherein
the actuator is selectively operable to switch the flow valve between the feed position
and the flush position when the flow valve is mated with the actuator.

[0009] The present disclosure also provides a switchable flow valve suitable for
use with liquids having a relatively high viscosity. The flow valve generally
comprises a hollow valve housing including a food entrance port, a flush entrance
port, and an exit port, and a valve body received by the valve housing. The valve

body may be rotatable about a valve axis relative to the valve housing, and the valve
-3
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body may include a flow passage having an input end and an output end. A passage
area of the output end of the flow passage may be greater than a passage area of the
input end of the flow passage. The valve body may have a rotational feed position
wherein the input end of the flow passage faces the food entrance port and the output
end of the flow passage faces the exit port to enable communication between the food
entrance port and the exit port through the flow passage. The valve body may also
have a rotational flush position wherein the input end of the flow passage faces the
flush entrance port and the output end of the flow passage faces the exit port to enable
communication between the flush entrance port and the exit port through the flow
passage. The flow passage may have a straight wall extending linearly from the input
end to the output end and a curved wall diverging from the straight wall along a

curved path from the input end to the output end.

BRIEF DESCRIPTION OF THE DRAWING VIEWS

[0010] The nature and mode of operation of the present disclosure will now be
more fully described in the following detailed description taken with the
accompanying drawing figures, in which:

[0011] Fig. 1 is an exploded perspective view showing an enteral feeding pump
system formed in accordance with an embodiment of the present disclosure;

[0012] Fig. 2 is another exploded perspective view showing the enteral feeding
pump system of Fig. 1 from a rear viewpoint, with sources of nutritional liquid and
flushing liquid being omitted,;

[0013] Fig. 3 is an unexploded perspective view showing an enteral feeding pump
of the system connected to a docking station of the system, and an administration set
of the system loaded in the enteral feeding pump and the docking station, wherein a
door of the enteral feeding pump is omitted,

[0014] Fig. 4 is a perspective view of the enteral feeding pump wherein a front of
the pump housing is removed to show internal structure of the pump;

[0015] Fig. 5 is a schematic block diagram of the infusion pump and the docking
station;

[0016] Fig. 6 a cross-sectional view of the docking station;
-4 -
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[0017] Fig. 7 is a perspective view of a valve actuator of the docking station;
[0018] Fig. 8 is an exploded perspective view of the valve actuator;

[0019] Fig. 9 is another exploded perspective view of the valve actuator;

[0020] Fig. 10 is a cross-sectional view showing a switchable flow valve of the
administration set received in a valve seat of the docking station, wherein the flow
valve is not yet mated with the valve actuator;

[0021] Fig. 11 is a view similar to that of Fig. 10, wherein the flow valve is mated
with the valve actuator;

[0022] Fig. 12 is a perspective view of the flow valve;

[0023] Fig. 13 is an exploded perspective view of the flow valve;

[0024] Fig. 14 is a sectional view taken along the line 14-14 in Fig. 12 showing
the flow valve in a feed position thereof;

[0025] Fig. 15 is a view similar to that of Fig. 14 but showing the flow valve in a
flush position thereof;

[0026] Fig. 16 is a state diagram generally illustrating control of the infusion
pump system by software in the enteral feeding pump in accordance with an
embodiment of the disclosure; and

[0027] Fig. 17 is another state diagram illustrating control of the infusion pump
system to carry out a method of flushing tubing of the administration set in

accordance with an embodiment of the disclosure.

DETAILED DESCRIPTION

[0028] Figs. 1 and 2 show and enteral feeding pump system 10 formed in
accordance with an embodiment of the present disclosure. Enteral feeding pump
system 10 generally comprises an enteral feeding pump 12, a docking station 14, and
an administration set 16. System 10 may further comprise a source of nutritional
liquid 17 and a source of flushing liquid 18. When enteral feeding pump 12 is
connected to docking station 14, and administration set 16 is loaded in enteral feeding
pump 12 and docking station 14 as described below, enteral feeding pump may be
operated by a user to selectively carry out a feeding operation or a flushing operation.

Docking station 14 may provide other functionality, for example recharging of
-5-
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batteries for powering enteral feeding pump 12, however the present disclosure
concerns flushing functionality.

[0029] Administration set 16 may be configured to selectively allow feeding and
flushing operations. Administration set 16 may include a feed tubing branch 20
connectable to nutritional liquid source 17, a flush tubing branch 22 connectable to
flushing liquid source 18, a flow valve 24 connected to feed tubing branch 20 and
flush tubing branch 22, and a pump tubing portion 26 connected to the flow valve 24.
Flow valve 24 may have a feed position in which the flow valve permits flow
communication between feed tubing branch 20 and pump tubing portion 26, and
prevents flow communication between flush tubing branch 22 and pump tubing
portion 26. Flow valve 24 may further have a flush position in which the flow valve
permits flow communication between flush tubing branch 22 and pump tubing portion
26, and prevents flow communication between feed tubing branch 20 and pump
tubing portion 26. Flow valve 24 is switchable between the feed and flush positions
to selectively allow feeding and flushing operations.

[0030] Administration set 16 may include a cassette 28 for loading a segment of
pump tubing portion 26 into enteral feeding pump 12. As illustrated in Figs. 3 and 4,
pump tubing portion 26 may have a pumping segment 26B arranged between an
upstream segment 26A connected to flow valve 24 and a downstream segment 26C.
As will be understood, downstream segment 26C may communicate with a patient or
user during a normal feeding operation in which enteral feeding pump 12 is used to
pump nutritional liquid from source 17 to the user through a feeding tube, for example
a gastrostomy tube. Pumping segment 26B may be arranged to extend through
cassette 28 and is positioned opposite a pumping mechanism 30 of pump 12 when
cassette 28 is loaded in the pump. Pumping mechanism 30 acts on pumping segment
26B of pump tubing portion 26 to pump liquid through pump tubing portion 26 in a
flow direction away from flow valve 24. Pumping mechanism 30 may be a linear
peristaltic pumping mechanism as illustrated in Fig. 4, or may take other forms such
as a rotary peristaltic pumping mechanism or a curvilinear peristaltic pumping

mechanism.
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[0031] Feed tubing branch 20, flush tubing branch 22, and upstream and
downstream segments 26A and 26B of pump tubing portion 26 may be PVC tubing or
other suitable tubing. Pumping segment 26B may be made of soft PVC, silicone, or
other suitable material to resiliently deform when acted upon by pumping mechanism
30. An end of feed tubing branch 20 releasably connects to nutritional liquid source
17, and an end of flush tubing branch 22 releasably connects to flushing liquid source
18.

[0032] When nutritional liquid is pumped through administration set 16, the inner
walls of the tubing may become lined with residual matter, particularly if the
nutritional liquid has a high viscosity. As will be described in greater detail below,
docking station 14 has an integrated flush module which interfaces with enteral
feeding pump 12 and with flow valve 24 of administration set 16 to automatically
configure system 10 to flush the tubing of administration set 16 with flushing liquid
from source 18 to remove residual matter so that the administration set may continue
to function in an efficient and accurate manner when more nutritional fluid is pumped
through the administration set in a subsequent feeding operation.

[0033] Enteral feeding pump 12 and docking station 14 may include respective
mechanical connection members to permit enteral feeding pump 12 to be securely but
releasably connected to docking station 14. For example, enteral feeding pump 12
may have a nut 32 accessible through an opening in an end face of the pump housing
for mating with a threaded stud 33 protruding from an opposing end face of the
docking station housing. Threaded stud 33 may be manually rotatable relative to the
docking station housing by means of a wheel or dial 35 as shown in Fig. 2.

[0034] Reference is also made now to the schematic diagram of Fig. 5 to further
describe enteral feeding pump 12 and docking station 14.

[0035] Enteral feeding pump 12 may include an electrical connection port 36
configured to releasably mate with a corresponding electrical connection port 37 on
docking station 14 when enteral feeding pump 12 and docking station 14 are
connected end-to-end as shown in Fig. 3. Electrical connection port 36 on enteral
feeding pump 12 may include a configuration of connectors (e.g. pins and/or sockets),

and electrical connection port 37 on docking station 14 may have a complementary
-7-
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configuration of connectors able to releasably mate with the connectors of port 36.
Docking station 14 may further include an external power and data connection port 39
by which AC power and a USB may be connected to docking station 14. When the
connectors of ports 36 and 37 are mated, external power is supplied from port 39 of
docking station 14 to feeding pump 12, an output voltage is supplied from feeding
pump 12 to docking station 14, a USB line 41 of docking station 14 is linked with a
USB line 42 of feeding pump 12, and an internal data communication line 43 of
docking station 14 is linked with an internal data communication line 44 of feeding
pump 12. Enteral feeding pump 12 may include power supply and battery charging
circuits 46 and 48, a battery pack 50, voltage regulators 52, and a voltage monitoring
circuit 54 as shown for example in Fig. 5.

[0036] Enteral feeding pump 12 may also include a pump controller 56 acting as a
central processing unit for pump 12. Pump controller 56 may include, for example, a
digital microcontroller or a digital microprocessor and related circuitry. USB line 42
and data communication line 44 of feeding pump 12 may be connected to pump
controller 56 through a communications interface 58. Pump controller 56 may be
connected to a motor driver 60 arranged to drive a motor 62 of pumping mechanism
30. Pump controller 56 is programmed to send motor control commands to motor
driver 60 to operate motor 62 such that pumping mechanism 30 delivers a desired
flow rate of nutritional fluid to a user.

[0037] Pump 12 may have other components connected to pump controller 56,
such as an audio speaker 63 providing audible signals to a user, and a user interface
64 including a touchscreen 66 and/or a control button overlay 68 for displaying
information to a user and enabling a user to enter pump control commands and
operating information. Pump 12 may also have various sensors connected to pump
controller 56 for providing feedback signals related to pump operating status. Such
sensors may include a door sensor 70 for detecting whether a door 72 of pump 12 is
open or closed, a set type detector 74 configured to determine a type of administration
set 16 currently loaded in the pump, occlusion sensors 76 arranged to detect
occlusions in pump tubing portion 26 at locations upstream and downstream from

pumping mechanism 30, and an air-in-line sensor 78 arranged to detect air bubbles in
-8-
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liquid conveyed through pump tubing portion 26. Pump 12 may also include one or
more memory modules 80 connected to pump controller 56 or integrated onboard
pump controller 56.

[0038] Docking station 14, further illustrated in Fig. 6, generally comprises a
valve seat 82 configured to receive switchable flow valve 24 of administration set 16.
Docking station 14 also comprises a flush controller 84, for example a digital
microcontroller or a digital microprocessor and related circuitry, and an actuator 86
connected to the flush controller, wherein the actuator is configured to releasably
mate with switchable flow valve 24 when the switchable flow valve is received by
valve seat 82. As will be described in greater detail below, flush controller 84 is
configured to send control signals to actuator 86 for switching flow valve 24 between
its feed and flush positions.

[0039] When enteral feeding pump 12 is connected to docking station 14, data
communication is enabled between pump controller 56 and flush controller 84. In the
depicted embodiment, data communication line 43 of docking station 14 conveys data
signals to and from flush controller 84. When enteral feeding pump 12 is connected
to docking station 14, data communication line 44 of pump 12 is linked with data
communication line 43 of the docking station, thereby establishing a hardwired
connection for conveying data signals between pump controller 56 and flush
controller 84. By way of non-limiting example, the data communication lines 43, 44
may be RS-232 data transmission lines. Instead of or in addition to using a hardwired
connection, a wireless connection may be used. For example, a wireless signal
transceiver may be linked to pump controller 56, and another wireless signal
transceiver may be linked to flush controller 84, to enable wireless data
communication between controllers 56 and 84.

[0040] An embodiment of actuator 86 is shown in detail in Figs. 7-11. Actuator
86 may include an electric motor 88 and a coupler element 90 driven by motor 88 to
rotate about a valve switching axis 91. Motor 88 may be operably connected to flush
controller 84 by way of a motor driver circuit 87 as shown in Fig. 5. Coupler element
90 may be configured to mate with switchable flow valve 24 such that motor-driven

rotation of coupler element 90 about valve switching axis 91 switches flow valve 24
-9-



10

15

20

25

30

CA 03221561 2023-11-24

WO 2022/250861 PCT/US2022/027161

between its feed and flush positions. Coupler element 90 may be configured to mate
with switchable flow valve 24 only when coupler element 90 and flow valve 24 are in
a single predetermined rotational orientation relative to one another about valve
switching axis 91. Coupler element 90 may be linearly displaceable relative to motor
88 along valve switching axis 91 between a retracted position (Fig. 10) and an
extended position (Fig. 11), wherein coupler element 90 mates with flow valve 24
when coupler element 90 is in the extended position and the coupler element and flow
valve 24 are in the single predetermined rotational orientation. For example, a tip
portion 90A of coupler element 90 and a corresponding recess 24A of flow valve 24
may have complementary shapes which permit tip portion 90A to fit within recess
24A only when coupler element 90 and flow valve 24 are in a single predetermined
rotational orientation relative to one another about valve switching axis 91. In the
figures, the complementary shape is that of a circular segment, however other shapes
are possible, including but not limited to a triangle or a trapezoid. An irregular
pattern of mating protrusions and recesses may also be used. Those skilled in the art
will recognize that a male tip or protrusion may be provided either on coupler element
90 or on flow valve 24, and a mating female recess may be provided either on flow
valve 24 or on coupler element 90. Coupler element 90 may further include a radially
enlarged flange portion 90B from which tip portion 90A extends.

[0041] Coupler element 90 may be spring biased toward the extended position by
a spring 92. For example, spring 92 may be embodied as a coil spring having one end
seated against an axially limited surface and an opposite end engaged against an
underside of coupler element 90.

[0042] Docking station 14 may further comprise sensors for detecting operational
information and transmitting the information to flush controller 84. Docking station
14 may have a proximity sensor 94 arranged to detect the presence of switchable flow
valve 24 in valve seat 82. Proximity sensor 94 may be connected to flush controller
84 and may provide a proximity signal to the flush controller indicating that flow
valve 24 is received by valve seat 82. In the illustrated embodiment, coupler element
90 may include a reflective surface 96, and proximity sensor 94 may be embodied as

an optical proximity sensor arranged to emit light toward reflective surface 96 and
-10-
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detect a portion of the emitted light after reflection from reflective surface 96. As
may be understood from Fig. 6, if switchable flow valve 24 is not received by valve
seat 82, then coupler element 90 is biased by spring 92 to a default position wherein
the flange portion 90B of coupler element 90 abuts with an upper interior surface of
valve seat 82. When coupler element 90 is in the default position, reflective surface
96 is at its furthest distance from proximity sensor 94, such that proximity sensor 94
will register a lowest proximity signal value indicating no flow valve 24 is present.
When switchable flow valve 24 is received by valve seat 82 but coupler element 90
and flow valve 24 are not in the single predetermined rotational orientation with
respect to one another about valve switching axis 91, flow valve 24 forces coupler
element 90 downward against the bias of spring 92 as shown in Fig. 10 into its
retracted position. When coupler element 90 is in the retracted position, reflective
surface 96 is at its closest distance from proximity sensor 94, such that proximity
sensor 94 will register a highest proximity signal value indicating flow valve 24 is
present but not mated with coupler element 90. When switchable flow valve 24 is
received by valve seat 82, and coupler element 90 and flow valve 24 are in the single
predetermined rotational orientation relative to one another about valve switching axis
91, coupler element 90 is urged upward by spring 92 to its extended position in
mating engagement with flow valve 24 as shown in Fig. 11. When coupler element
90 is in the extended position, reflective surface 96 is at an intermediate distance from
proximity sensor 94, such that proximity sensor 94 will register an intermediate signal
value between the lowest and highest signal values. The intermediate proximity
signal value indicates flow valve 24 is present in valve seat 82 and is mated with
coupler element 90.

[0043] Proximity sensor 94 may be embodied by other types of proximity sensors,
including but not limited to magnetic and capacitive proximity sensors.

[0044] Docking station 14 may have another sensor for measuring a rotational
position of coupler element 90 about valve switching axis 91. For example, docking
station 14 may comprise an optical encoder 98 connected to the flush controller 84,
wherein the encoder measures a rotational position of coupler element 90 about the

valve switching axis and provides a rotational position signal to the flush controller
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indicating the measured rotational position of the coupler element. For example, an
encoder disc 100 may be connected to coupler element 90 for rotation about valve
switching axis 91 in unison with coupler element 90, and optical encoder 98 may be
arranged to detect the rotational position of encoder disc 100. In the embodiment
shown, encoder disc 100 is connected to coupler element 90 by valve seat 82. As
shown in the figures, valve seat 82 may include a plurality of legs 83 extending
through openings 93 in coupler element 90 and into openings 101 in encoder disc 100.
In the illustrated arrangement, valve seat 82 rotates with couple element 90 about
valve switching axis 91, and conveys the rotational motion to encoder disc 100. The
disclosure is not limited to the specific arrangement shown, and encoder disc 100 may
be connected to coupler element 90 in other ways for conjoined rotation with the
coupler element without straying from the disclosure. A magnetic encoder and
corresponding encoder disc may be used in place of optical encoder 98 and encoder
disc 100.

[0045] Flush controller 84, proximity sensor 94, and optical encoder 98 may be
provided on a circuit board 102 mounted in a fixed position within the housing of
docking station 14. An underside of encoder disc 100 may abut with an upper end of
motor 88, thereby limiting movement of encoder disc 100 in a downward direction,
and a top side of encoder disc 100 may be engaged by an end of spring 92.

[0046] As an alternative to using a second sensor or encoder 98 for measuring a
rotational position of coupler element 90 about valve switching axis 91, proximity
sensor 94 and reflective surface 96 may be adapted to perform this function. For
example, reflective surface 96 may include a local feature (not shown) influencing
reflected light detected by proximity sensor 94 when coupler element 90 is in a
rotational position about valve switching axis 91 corresponding to the flush position
of switchable flow valve 24, whereby the proximity signal indicates when switchable
flow valve 24 is in the flush position. The local feature may be, for example, a gap, a
light-absorbing region, or a light-dispersing region which attenuates the reflected
light. Likewise, reflective surface 96 may include another local feature influencing
reflected light detected by proximity sensor 94 when coupler element 90 is in a

rotational position about valve switching axis 91 corresponding to the feed position of
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switchable flow valve 24, whereby the proximity signal indicates when switchable
flow valve 24 is in the feed position.

[0047] Switchable flow valve 24 is shown in greater detail in Figs. 12-15. Flow
valve 24 may comprise a hollow valve housing 104 and a valve body 106 received by
valve housing 104, wherein valve body 106 is rotatable about valve switching axis 91
relative to valve housing 104. Valve housing 104 may include a food entrance port
108 connectable to feed tubing branch 20, a flush entrance port 110 connectable to
flush tubing branch 22, and an exit port 112 connectable to pump tubing portion 26.
Valve body 106 may include a flow passage 114 having an input end 116 and an
output end 118.

[0048] As shown in Fig. 14, valve body 106 may have a rotational feed position
wherein the input end 116 of flow passage 114 faces the food entrance port 108 of
valve housing 104 and the output end 118 of flow passage 114 faces the exit port 112
of valve housing 104 to enable flow communication between food entrance port 108
and exit port 112 through flow passage 114.

[0049] As illustrated in Fig. 15, valve body 106 may have a rotational flush
position wherein the input end 116 of flow passage 114 faces the flush entrance port
110 of valve housing 104 and the output end 118 of flow passage 114 faces the exit
port 112 of valve housing 104 to enable flow communication between flush entrance
port 110 and exit port 112 through flow passage 114.

[0050] The rotational flush position of valve body 106 is angularly spaced from
the rotational feed position of valve body 106 by a switching angle SA. The
switching angle SA may be less than 90 degrees. In one embodiment, the switching
angle is approximately 45 degrees.

[0051] Flow passage 114 may have a straight wall 120 extending linearly from
input end 116 to output end 118, and a curved wall 122 diverging from straight wall
120 along a curved path from input end 116 to output end 118. A passage area (i.e. a
cross-sectional area for flow) of output end 118 may be greater than a passage area of
input end 116.

[0052] When flow valve 24 is in the feed position (Fig. 14), the disclosed

configuration of flow valve 24 provides a straight flow path across the flow valve for
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nutritional liquid from nutritional liquid source 17. The configuration is advantageous
for reducing stagnation of nutritional fluid as it passes through the flow valve and
maintaining a steady delivery flow rate when pumping nutritional fluids of relatively
high viscosity. When flow valve 24 is in the flush position (Fig. 15), the
configuration of flow valve 24 provides a bent flow path across the flow valve for
flushing liquid from flushing liquid source 18, which has a lower viscosity than the
nutritional liquid and tends not to stagnate as the flow path changes direction through
the flow valve. To the extent nutritional fluid may collect along curved wall 122
during pumping in the feed position, it will be flushed readily when flow valve 24 is
switched to the flush position and flushing liquid is pumped through the flow valve.
[0053] Operation of docking station 14 in conjunction with enteral feeding pump
12 and an administration set 16 to perform a flush operation according to an
embodiment of the disclosure is now described with reference to Figs. 16 and 17.
[0054] Fig. 16 illustrates state transitions of pump 12 controlled though
programming instructions executed by pump controller 56. The pump 12 may begin
in a Flushldle state 200. Pump controller 56 may command execution of a homing
routine for flow valve 24 on docking station 14 with a Pump::HOME VALVE
command, described below with reference to Fig. 17, by which docking station 14
may determine the feed position and flush position of flow valve 24. From the
FlushlIdle state 200, pump 12 may transition to a Pumping state 210 characterized by
operation of pumping mechanism 30. Within Pumping state 210, pump 12 may be in
a Feeding substate 212 or a Flushing substate 214 depending upon whether flush
valve 24 is in the feed position or the flush position. While pump 12 is in Pumping
state 210, a user may enter a Pause instruction by means of user interface 64 to pause
operation of pumping mechanism 30 and cause pump 12 to transition to a Paused state
220. The user may subsequently enter a Resume instruction by means of user
interface 64 to cause pump 12 to transition from Paused state 220 back to Pumping
state 210.

[0055] Based either on user input or a pump software program, pump controller
56 may initiate a feeding operation. Pump controller 56 may prepare for the feeding

operation by sending a SET VALVE TO FOOD command to flush controller 84 to
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switch flow valve 24 to its feed position or confirm that flow valve 24 is already in its
feed position. Pump controller 56 may wait fora VALVE _SET TO FOOD signal
from flush controller 84 before transitioning to Feeding substate 212. Once flow
valve 24 is at the feed position, pump controller 56 may transition pump 12 to
Feeding substate 212 by operating motor 62 such that pumping mechanism 30
delivers a desired volume of nutritional liquid to the user at a desired flow rate. As
mentioned above, this pumping can be paused and resumed. When delivery of the
programmed volume is completed, pump controller 56 may stop pumping mechanism
30 and pump 12 may transition back to Flushldle state 200 and wait for another
command.

[0056] The user or a pump software program may similarly command pump
controller 56 to initiate a flushing operation. In this case, pump controller 56 may
send a SET VALVE TO FLUSH command to flush controller 84 to switch flow
valve 24 to its flush position or confirm that flow valve 24 is already in its flush
position. Pump controller 56 may wait fora VALVE SET TO_FLUSH signal from
flush controller 84 before transitioning to Flushing substate 214. Once flow valve 24
is at the flush position, pump controller 56 may transition pump 12 to Flushing
substate 214 by operating motor 62 such that pumping mechanism 30 delivers a
desired volume of flushing liquid through administration set 16. As mentioned above,
this pumping can be paused and resumed. When the programmed volume of flushing
liquid has been pumped, pump controller 56 may stop pumping mechanism 30 and
pump 12 may transition back to Flushldle state 200 and wait for another command.
[0057] Reference is now made to Fig. 17 to describe state transitions associated
with enteral feeding pump system 10 according to an embodiment of the present
disclosure. Initially, enteral feeding pump system 10 is in a UserActions state 300
before administration set 16 is connected by the user to pump 12 and docking station
14. Aninitial SetUnloaded substate 310 indicates that cassette 28 is not yet loaded in
pump 12 and flow valve 24 is not yet loaded in docking station 14. If the user first
loads cassette 28 in pump 12, the substate transitions from SetUnloaded substate 310
to SetLoadedInPump substate 320. Subsequently, if the user loads flow valve 24 in

valve seat 82, the substate transitions from SetLoadedInPump substate 320 to
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SetLoaded substate 340, indicating that administration set 16 is fully loaded and
connected to pump 12 and docking station 14. Alternatively, if the user first loads
flow valve 24 in valve seat 82, the substate transitions from SetUnloaded substate 310
to SetL.oadedInValve substate 330. Subsequently, if the user loads cassette 28 in
pump 12, the substate transitions from SetLoadedInValve substate 330 to SetLoaded
substate 340. Thus, cassette 28 and flow valve 24 may be loaded in any order.
Loading of cassette 28 in pump 12 may be confirmed by signals from set type
detector 74 and door sensor 70 to pump controller 56. Loading of flow valve 24 in
valve seat 28 may be confirmed by the proximity signal from proximity sensor 94 to
flush controller 84. When the system is in SetLoaded substate 340, it is ready for a
feeding operation or a flushing operation depending on the rotational position of flow
valve 24.

[0058] Initially, docking station 14 may be in a ValveStateUnknown state 400
wherein valve actuator 86 is in an Idle substate 410 with electric motor 88 switched
off, and the rotational position of flow valve 24 is unknown. When the user enters a
START FLUSH instruction to pump controller 56 by means of user interface 64 to
initiate a flushing operation, pump controller 56 is configured to send a

HOME VALVE instruction to flush controller 84 of docking station 14 to switch
electric motor 88 on and commence a Homing substate 420 for determining the
position of flow valve 24. In Homing substate 420, the system enters a HomeToFlush
substate in which motor 88 is commanded by flush controller 84 to rotate flow valve
24 about valve switching axis 91 until a FLUSH POS DETECTED signal is received
from encoder 98 and/or proximity sensor 94 indicating that flow valve 24 is in the
flush position. The system then enters a HomeToFood substate in which motor 88 is
commanded by flush controller 84 to rotate flow valve 24 about valve switching axis
91 until a FOOD_POS DETECTED signal is received from encoder 98 and/or
proximity sensor 94 indicating that flow valve 24 is homed in the feed position. At
this point, motor 88 is shut oft and docking station 14 transitions to a ValveHomed
state 500 and enters an AtFood substate 510. When docking station 14 is in the
ValveHomed state 500, the position of flow valve 24 may be switched between the

feed position and the flush position by issuing the SET VALVE TO FEED command
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and the SET VALVE TO FLUSH command, respectively, as described above in
connection with Fig. 16. Although the Homing routine described above sets flow
valve 24 in the feed position as the homed position, the Homing routine may instead
be programmed to set flow valve 24 in the flush position as the homed position.
[0059] Assuming flow valve 24 is homed at the feed position, pump controller 56
may issue the SET VALVE TO FLUSH command to flush controller 84 as
mentioned above, causing flush controller 84 to transmit a control signal to actuator
86 for switching flow valve 24 from the feed position to the flush position in response
to the flush command. Docking station 14 transitions to a TurningToFlush substate
520 during which motor 88 is energized to rotate flow valve 24 until a
FLUSH POS DETECTED signal is received from encoder 98 and/or proximity
sensor 94 indicating that flow valve 24 is in the flush position. Docking station 14
then transitions to an AtFlush substate 530 wherein flow valve 24 is at the flush
position and the system is ready for a flush operation. At this point, pumping
mechanism motor 62 may be driven in accordance with Flushing substate 214 to
cause flushing liquid to be pumped from flushing liquid source 18 sequentially
through flush tubing branch 22, flow valve 24, and pump tubing portion 26 to flush
away residual nutritional liquid in administration set 16. As described above in
reference to Fig. 16, the flushing operation may continue until a predetermined
volume of flushing liquid has been pumped through administration set 16, at which
point pump controller 56 may automatically terminate the flushing operation by
stopping operation of pumping mechanism 30. During the flushing operation, the
user may pause or terminate the flushing operation by means of user interface 64.
[0060] Once flushing is terminated, pump controller 56 may issue a

SET VALVE TO _FOOD command to flush controller 84, causing flush controller
84 to transmit a control signal to actuator 86 for switching flow valve 24 from the
flush position to the feed position so that pump 12 is ready for a feeding operation.
Docking station 14 transitions to a TurningToFeed substate 540 during which motor
88 is energized to rotate flow valve 24 until a FEED POS DETECTED signal is

received from encoder 98 and/or proximity sensor 94 indicating that flow valve 24 is
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in the feed position. Consequently, docking station 14 returns to AtFood substate
510.

[0061] As will be appreciated from the present disclosure, enteral feeding pump
12 remains compact and mechanically simple in furtherance of a lightweight design
for ambulatory use, yet automated flushing is available by way of docking station 14.
Homing and orientation of flow valve 24 is performed automatically, making the
system very easy to use.

[0062] While the disclosure describes exemplary embodiments, the detailed
description is not intended to limit the scope of the disclosure to the particular forms
set forth. The disclosure is intended to cover such alternatives, modifications and
equivalents of the described embodiments as may be included within the scope of the

appended claims.
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WHAT IS CLAIMED IS:
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A docking station for removable connection to an enteral feeding pump, the
docking station comprising:

a valve seat configured to receive a switchable flow valve of an
administration set loaded in the enteral feeding pump;

a flush controller;

an actuator connected to the flush controller, wherein the actuator is
configured to releasably mate with the switchable flow valve when the
switchable flow valve is received by the valve seat; and

data communication means by which data signals sent by the enteral
feeding pump are inputted to the flush controller of the docking station when
the enteral feeding pump is connected to the docking station, whereby the
flush controller receives a flush command sent by the enteral feeding pump
and transmits a control signal to the actuator for switching the switchable flow

valve to a flush position in response to the flush command.

The docking station according to claim 1, wherein the actuator includes a
motor and a coupler element driven to rotate by the motor about a valve
switching axis, wherein the coupler element is configured to mate with the
switchable flow valve only when the coupler element and the switchable flow
valve are in a single predetermined rotational orientation relative to one

another about the valve switching axis.

The docking station according to claim 2, wherein the coupler element is
linearly displaceable relative to the motor along the valve switching axis
between a retracted position and an extended position, wherein the coupler
element mates with the switchable flow valve when the coupler element is in
the extended position and the coupler element and the switchable flow valve

are in the single predetermined rotational orientation.
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The docking station according to claim 3, wherein the coupler element is

spring biased toward the extended position.

The docking station according to claim 4, wherein the coupler element is
forced against the spring bias toward the retracted position when the
switchable flow valve is received by the valve seat and the coupler element
and the switchable flow valve are not in the single predetermined rotational

orientation.

The docking station according to claim 1, further comprising a proximity
sensor connected to the flush controller, wherein the proximity sensor
provides a proximity signal to the flush controller indicating that the

switchable flow valve is received by the valve seat.

The docking station according to claim 3, further comprising a proximity
sensor connected to the flush controller, wherein the proximity sensor
provides a proximity signal to the flush controller indicating that the
switchable flow valve is received by the valve seat, wherein the coupler
element includes a reflective surface and the proximity sensor is an optical
proximity sensor arranged to emit light toward the reflective surface and

detect a portion of the emitted light after reflection from the reflective surface.

The docking station according to claim 7, wherein the reflective surface
includes a local feature influencing reflected light detected by the proximity
sensor when the coupler element is in a rotational position about the valve
switching axis corresponding to the flush position of the switchable flow
valve, whereby the proximity signal indicates when the switchable flow valve

is in the flush position.
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10.

11.

The docking station according to claim 1, further comprising an encoder
connected to the flush controller, wherein the encoder measures a rotational
position of the coupler element about the valve switching axis and provides a
rotational position signal to the flush controller indicating the measured

rotational position of the coupler element.

A method of flushing tubing of an enteral feeding administration set having a
feed tubing branch, a flush tubing branch, a pump tubing portion, and a flow
valve connected to the feed tubing branch, the flush tubing branch, and the
pump tubing portion, wherein the flow valve has a flush position in which the
flow valve permits flow communication between the flush tubing branch and
the pump tubing portion and prevents flow communication between the feed
tubing branch and the pump tubing portion, the method comprising the steps
of:

connecting an enteral feeding pump to a docking station;

connecting the flush tubing branch to a source of flushing liquid,

loading the pump tubing portion in the enteral feeding pump;

mating the flow valve with an actuator of the docking station;

receiving a user flush command,;

operating the actuator to move the flow valve to the flush position in
response to the user flush command; and

operating the enteral feeding pump to pump flushing liquid from the
source of flushing liquid through the flush tubing branch, the flow valve, and
the pump tubing portion.

The method according to claim 10, wherein the flow valve is rotatable about a
valve switching axis to and from the flush position, the actuator includes a

coupler element configured to mate with the flow valve only when the coupler
element and the flow valve are in a single predetermined rotational orientation

relative to one another about the valve switching axis, and the step of mating
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12.

13.

the flow valve with the actuator comprises spring-biasing the coupler element
along a direction of the valve switching axis, and automatically rotating the
coupler element until the coupler element and the flow valve are in the single
predetermined rotational orientation and the coupler element is forced by the

spring-bias into mating engagement with the flow valve.

The method according to claim 10, wherein the flush command is entered by

way of a user interface of the enteral feeding pump.

An enteral feeding pump system comprising:

an administration set including a feed tubing branch connectable to a
source of nutritional liquid, a flush tubing branch connectable to a source of
flushing liquid, a flow valve connected to the feed tubing branch and the flush
tubing branch, and a pump tubing portion connected to the flow valve,
wherein the flow valve has a feed position wherein the flow valve permits
flow communication between the feed tubing branch and the pump tubing
portion and prevents flow communication between the flush tubing branch and
the pump tubing portion, and wherein the flow valve has a flush position
wherein the flow valve permits flow communication between the flush tubing
branch and the pump tubing portion and prevents flow communication
between the feed tubing branch and the pump tubing portion;

an enteral feeding pump configured to receive the pump tubing
portion, the enteral feeding pump including a pumping mechanism acting on
the pump tubing portion to pump liquid through the pump tubing portion in a
flow direction away from the flow valve; and

a docking station including an actuator configured for mating with the
flow valve, wherein the actuator is selectively operable to switch the flow
valve between the feed position and the flush position when the flow valve is

mated with the actuator.
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14.

15.

16.

17.

18.

The enteral feeding pump system according to claim 13, wherein the docking
station includes a flush controller connected to the actuator for issuing
operating commands to the actuator for switching the flow valve between the

feed position and the flush position.

The enteral feeding pump system according to claim 14, wherein the enteral
feeding pump includes a pump controller connected to the pumping

mechanism for issuing operating commands to the pumping mechanism.

The enteral feeding pump system according to claim 15, further comprising
data communication means for establishing data communication between the
enteral feeding pump and the flush controller of the docking station when the
enteral feeding pump is connected to the docking station, whereby the flush
controller receives a flush command sent by the enteral feeding pump and
transmits a control signal to the actuator for switching the switchable flow

valve to a flush position in response to the flush command.

The enteral feeding pump system according to claim 16, wherein the enteral
feeding pump and the docking station each include a respective threaded
member, wherein the threaded members are configured to mate with each

other to removably connect the enteral feeding pump to the docking station.

A flow valve comprising:

a hollow valve housing including a food entrance port, a flush entrance
port, and an exit port;

a valve body received by the valve housing, the valve body being
rotatable about a valve axis relative to the valve housing, the valve body

including a flow passage having an input end and an output end,
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19.

the valve body having a rotational feed position wherein the input end
of the flow passage faces the food entrance port and the output end of the flow
passage faces the exit port to enable communication between the food
entrance port and the exit port through the flow passage;

the valve body having a rotational flush position wherein the input end
of the flow passage faces the flush entrance port and the output end of the flow
passage faces the exit port to enable communication between the flush
entrance port and the exit port through the flow passage;

wherein a passage area of the output end of the flow passage is greater

than a passage area of the input end of the flow passage.

The flow valve according to claim 18, wherein the flow passage has a straight
wall extending linearly from the input end to the output end and a curved wall
diverging from the straight wall along a curved path from the input end to the

output end.

-24 -



WO 2022/250861 PCT/US2022/027161




CA 03221561 2023-11-24

WO 2022/250861 PCT/US2022/027161

2/16




WO 2022/250861 PCT/US2022/027161

26(




PCT/US2022/027161

WO 2022




CA 03221561 2023-11-24

PCT/US2022/027161

WO 2022/250861

. VIV
§ 34 3 (¥3L4VaY V)
UMd TYNYILXT
DVd | e —
S~ 15~ K¥3LLYe " 6
[ 4 \3 A -
INTYOLINOW SYOLYINIR | T 39v0 3703 9¢ || L€ o
13vI10A 19vI10A sE | e LI 110A
i INTENE asinon |l -, -
A »l <
= L1\
e P v — h //—v
INISALUIN < >l -{]- L "
g <«>{ 850 14 TN - & i
0l0W |« A 1 VLI WOD
40LOW SR N _
F% C <> XI/X¥ SN < ] I
09 _ YITIONNG |
9 | AJOWIW HSN TR
( o1any |« > YITI04INO) HSVH  —08 /8~
00 dwnd 400N
< -NT- 8/ A A —
1 YOSNIS INIT-NI-¥IY y_cm. _2
29 <> B 98—~
Em_m_z - > 2] SHOSNIS NOISNTIIO uf | N Y
99 o <> NOID313d 3dAL 135 — L 4OSN3S S04 a
NDsHInoL —{ wosnaswoon o || L woswas xoud o
Ol || vo-L 14!
dWnd ONIQ334 TVHLNG NOILVLS ONTY)00




CA 03221561 2023-11-24

PCT/US2022/027161

WO 2022/250861

P T ey S

-~

bbbk o

N ”_m i
[~=d
o~




CA 03221561 2023-11-24

WO 2022/250861 PCT/US2022/027161

/16




CA 03221561 2023-11-24

WO 2022/250861 PCT/US2022/027161

| —88

\ |/ H6.8



WO 2022/250861

N -

PCT/US2022/027161

102

FIG. 9



CA 03221561 2023-11-24

WO 2022/250861 PCT/US2022/027161

10/16




CA 03221561 2023-11-24

WO 2022/250861 PCT/US2022/027161




CA 03221561 2023-11-24

PCT/US2022/027161

WO 2022/250861

12

HG.



CA 03221561 2023-11-24

PCT/US2022/027161

WO 2022/250861




CA 03221561 2023-11-24

WO 2022/250861 PCT/US2022/027161

A\ N\ N VU Y
\ A 2 O LR RN W W N W WA
‘ - / i
| 12
\ o,
ANEEAY

AL TTTTTTITTOY

FEED POSITION

ot AY

: \‘\‘\\\‘\i
/%q\\ \ AN \\ \ AN

FLUSH POSITION




WO 2022/250861

CA 03221561 2023-11-24

15/16

PCT/US2022/027161

4 PUMP )
‘—V /200 4 PUMPING )
(MD_FEED/ .| E/ DELIVER FOOD

SET_VALVE_TO_FOOD 212
-
(MD_FLSH/
SET_VALVE_TO_FLUSH
o . J
\ 4
- VOLUME_DELIVERED " FUSHING
E / DELIVER FLUSH
TR ) L
E/WAITFOR USER |, PAUSE
TO RESUME
RESUME
_J \ _J
\_ J

F6. 16




CA 03221561 2023-11-24

PCT/US2022/027161

WO 2022/250861

00§ ~

00% ~

r ) 1794
HSIT3~OL IIVAL3S =dWind HOYOLOW/X | @IDI130 S04 SN
NO HOLOW /3 ]
— (_HSITH OLONINANL —
0004”01”35 34T =HST ST OIS 30TA=HST
C 1004 LY p, __ U NN,
A A é 07 )
i
(D330 504 004 {—goororonmvn ) 9004 OL IWVA” 136 “dNind
@ENOH 3ATVA )
(D330 504000 N\ HSH™LVIS 43N
( ) 00 ~
[ o \m# r N
0004 0LIWOH —— —
DA S04 HSMH [ oo e W
) mmoncam (_aavors ) W N OVOT g w1 caavon s )
| - i i
< ITVA NI V0T INTVA NI V0T
CHSITH OLIWoH) —L B —
m  dowwow/x| [0 ([ PR e )
wz,%m_nss\ I T Camngn gavor s ) W¢ M QY01 gavomn s
A
~ S AN LTV 30 N N V0T D 5]
NMONYNN 3LVLS FAIVA ) C SNOLDY ¥351 )

o







	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - ABSTRACT
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - REPRESENTATIVE_DRAWING

