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(57) Abstract: Described herein are concepts, systems, circuits and techniques for a docking station configured to couple to an en-
teral teeding pump or other medical device. In one embodiment, the docking station includes a wireless transmitter for communicat -
ing data, such as operating parameters and/or status, to a remote monitor over a wireless communication link, to permit remote mon -
itoring of certain pump diagnostics. In some embodiments, the docking station may utilize the wireless communication link to permit
control and/or data exchange with the feeding pump. This may be in addition to or in place of the remote monitoring. The pump may
also contain a receiver for receiving data such as operating parameter instructions, general operating instructions, and/or commands.




DOCKING STATION AND ENTERAL FEEDING PUMP SYSTEM

[001]
BACKGROUND
Field
[002] The present disclosure is directed to a remote monitoring system for monitoring

medical devices in communication with a wireless communication network, and more
particularly, to a remote monitoring system having a plurality of monitoring devices for
monitoring medical devices that communicate with the wireless communication network via

one or more wireless relay modules and a wireless relay network.

Related Art

[003] In critical care and home care health service centers, including hospitals, clinics,
assisted living centers and the like, care giver-patient interaction time 1s at a premium.
Moreover, response times by care givers to significant health conditions and events can be
critical. Systems of centralized monitoring have been developed to better manage care giver
time and patient interaction. In such systems, physiological data from each patient is
transmitted to a centralized location. At this centralized location, a single or small number of
technicians monitor all of this patient information to determine patient status. Information

indicating a patient alarm condition will cause the technicians and/or system to communicate
with local care givers to provide immediate patient attention, for example via wireless pagers
and/or cell phones, and/or by making a facility-wide audio page.

{004] Implementing such centralized monitoring systems using wireless networks may
present a number of difficulties. In order to effectively monitor patient status using information

provided by a variety of medical devices that may be dynamically assigned to patients in a

variety of rooms and on a variety of floors in a facility, it would be desirable to establish
communications between the medical devices and the centralized location by means of a local
area network such as, for example, a “WiFi” network based on IEEE 802.11 standards.

However, as such networks are typically already in place in facilities to support a variety of
]
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other functions (for example, physician access to electronic medical records (EMRs), facility
administrative systems and other functions), it i1s often undesirable to secure sufficient local
area network access for the purpose of providing centralized momtoring. Moreover, when a
patient 18 located remotely from a critical care health service center (for example, at home),
access to traditional local area network facilities such as a WiFi network may be unavailable or
not sufficiently reliable to support critical care monitoring applications.

1005} For improved efficiencies in centralized monitoring of critical care and home
care health service centers, 1t may be desirable to provide a single “off-site” centralized
monitoring location for monitoring several geographically-dispersed critical care health service
centers.

1006] As an alternative to conventional WiF1 or IEEE 801.11-based local area
networks, ZIGBEE networks based on the IEEE 802.15.4 standard for wireless personal area
networks have been used for collecting information from a variety of medical devices in
accordance with IEEE 11073 Device Specializations for point-of-care medical device
cémmunication, including for example pulse oximeters, blood pressure monitors, pulse
momnitors, weight scales and glucose meters. See, e.g., ZIGBEE Wireless Sensor Applications
for Health, Wellness and Fitness, the ZIGBEE Alliance, March 2009. As compared to present
[EEE 802.15.1 Bluetooth wireless personal area networks, for example, Z1IGBEE networks
provide the advantage of being dynamically configurable, for example, in “self-healing” mesh
configurations, and operating with low power requirements (enabling, for example, ZIGBEE
transceivers to be integrally coupled to the medical devices under battery power). However,

transmission ranges between individual ZIGBEE transceivers are generally limited to no more

than several hundred feet. As a consequence, such networks are suitable for on-site
communications with medical devices, but unusable for centralized monitoring locations
located otf-site.

[0071] Therefore, a hybrid system may be employed in which one or more wireless
personal area networks are configured to facilitate on-site communications between medical
devices and one or more wireless relay modules which are further configured to communicate
with off-site centralized monitoring systems (for example, via a wireless wide-area network
(WWAN) such as a mobile telephone data network, for example, based on a Global System for
Mobile Communications (GSM) or Code Division Multiple Access (CDMA) cellular network

2
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or associated wireless data channels). Such a relay module and system are respectively
described in the related patent applications entitled "Wireless Relay Module for Remote
Monitoring Systems," U.S. Patent Application. No. 13/006,769, filed January 14, 2011 and
"Medical Device Wireless Network Architectures," U.S. Patent Application No. 13/006,784,
filed January 14, 2011.

(008] In accordance with applicable patient data privacy provisions of the Health
[nsurance Portability and Accountability Act of 1996 (HIPAA), communication of information
between the monitored medical devices and the central monitoring location must be done
securely, and medical device and associated patient information must be made available only to
personnel accessing the centralized monitoring systems who are in possession of the
appropriate access credentials. In order to be viable, the centralized monitoring system must
also be capable of recognizing medical device information indicating an alert condition
requiring response by on-site or other specialized personnel and reaching those on-site or
specialized personnel to report the alert condition in a timely fashion.

(009] Thus, it would be desirable to provide a remote, centralized medical information
monitoring system that communicates over a wireless network of wide reach (for example, a
wireless wide area network).with one or more critical care and/or home care health service
centers via one or more wireless relay modules at each site, where the wireless relay modules
relay communications provided by on-site medical devices over a wireless local area network
or wireless personal area network. It would further be desirable for the centralized medical
information monitoring system to be capable of also configuring medical devices according to

associations with individual sites and patients, of logging communications from medical

devices, of displaying medical device data to users of the
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centralized medical information monitoring system who are able to provide sufficient
credentials, and of recognizing medical device alert conditions and reporting these conditions

to responsible personnel 1n a timely fashion.

SUMMARY
[0010] Described herein are concepts, systems, circuits and techniques for a docking

station configured to couple to an enteral feeding pump or other medical device. In one

such as operating parameters and/or status, to a remote monitor over a wireless
communication link, to permit remote monitoring of certain pump diagnostics. In some
embodiments, the docking station may utilize the wireless communication link to permit
control and/or data exchange with the feeding pump. This may be in addition to or in place
of the remote monitoring. The pump may also contain a recerver for receirving data such as
operating parameter instructions, general operating instructions, and/or commands.

[0011] In one embodiment the wireless communication link may be provided
utilizing cellular telephony technology. In other embodiments other wireless communication
technologies may be used including, but not limited to any wireless technology based, 1n
whole or in part, upon the IEEE 802.11 standards. For example, WiF1 technology, Blue
Tooth technology, ZigBee technology may be used.

[0012] In accordance with the concepts, systems, circuits and techniques described

herein, a docking station for an enteral feeding pump includes a base portion and side portions

accept the enteral feeding pump. The docking station further includes a latch configured to
secure the enteral feeding pump to the base portion and a release mechanism contigured to
release the enteral feeding pump from the base portion. The docking station further includes
a communication/power port disposed on one of the base or side surfaces and configured to
couple to a mating port provided on the enteral feeding pump. The docking station further
includes a wireless communication module configured to perform wireless communications
and a charging module which provides power to the enteral feeding pump, ¢.g. to charge a

power source within the enteral feeding pump.
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[0013] With this particular arrangement, a docking station having with wireless
communication and configured to couple to an enteral feeding pump 18 provided. In one
cmbodiment the wireless communication module of the docking station enables wireless
communication with one or all of: a local hospital network; an intranet; an internet; and/or a
remote device or system. Thus, when the docking station receives data and other information
from the pump, the docking station communicates the data and information to nurses, health
car¢ providers and healthcare equipment companies via one or more network communication
links. Also, the docking station may communicate with the pump via a wircd connection or

via a wireless connection. Thus the docking station allows the enteral feeding pump to

and/or destinations 1n a network. Furthermore, while also communicating with the pump, the
docking station also charges the pump via a docking station charging module.

[0014] In one embodiment, the base portion of the docking station includes the
wireless charging module.

[0015] In one embodiment, the docking station 1s provided having a size, shape and
configuration which allowed the docking station to be disposed on a flat surface such as a
tabletop.

[0016] In one embodiment, the base portion includes a support device (e.g. a clamp)
which allows the docking station to be clamped to another object such as an IV pole or some
other mobile support unit (¢.g. a wheelchair).

[0017] In one embodiment, the docking station further comprises a WIFI/cellular

enteral pump), the enteral feeding pump remains relatively small and light (and thus
ambulatory) while still providing wireless communication capability. Thus, a wireless
docking station and enteral feeding pump combination 1s provided 1n which the size and
weight of the enteral feeding pump 1s such that the enteral feeding pump remains ambulatory
while still providing wireless communication capability.

[0018] In one embodiment, the wireless module 1s integral to the base portion. This
provides user benefit because by making the wireless module integral to the base portion 1t

will be readily noticeable and difficult to lose the wireless module. Furthermore, 1n some
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embodiments, the wireless module provides communication capability and also charges the
enteral feeding pump.

[0019] In some embodiments, the docking station further comprises means for quick
disconnection from the IV pole for ambulatory use. In ambulatory cases, 1t may be beneficial
to have the pump provide power to the wireless module via the direct power connection
when AC power 18 not available. This feature provides freedom and mobility to the wireless
module allowing wireless access with the patient 1s going about daily activities where direct
AC power 18 not available.

10020 ] In one embodiment, the docking station described herein includes a charging
base having the necessary electrical circuitry and mechanical structures to perform a charging
function as well as: (1) providing a direct physical linkage or docking of the pump with the
wireless module charging base; (2) during this direct linkage, the charging base provides
power to the pump to ensure that rechargeable power sources (e.g. rechargeable batteries) on
the pump receive charging while attached to the charging base; (3) the charging base will
have a quick disconnect pole clamp that allows the charging base to be attached to the IV
pole and then easily removed via quick disconnect so the wireless module can be used
ambulatory with the pump. This would leave a portion of the pole clamp still affixed to the
IV pole. This also allows for casy reconnection to the IV pole after ambulatory use; (4) the
charging base can have the alternate ability to receive power for wireless communication via
the direct link to the pump 1n an ambulatory situation. In this condition, the backup battery on

the pump could provide sufficient power to send wireless signals when no AC power 18

battery 1n the ¢vent that the charging basec moves with the pump 1n an ambulatory/backpack
situation; (6) In similar fashion to 4, the pump could receive extra battery life using the
battery 1n the charging base; (7) the base module will have the capability to sit on a tabletop
or be clamped to an IV pole.

[0021] A docking station as described herein allows the size and weight of an enteral
feeding pump to remain small (and thus ambulatory) while still providing wireless
communication capability. This 18 due to the storage of one or more WIFI/cellular wireless
boards mside the charging base as opposed to having the WIF1/cellular wireless board

internal to the pump.
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10022] The base module provides a user benefit, that it will be difficult to lose the
wireless module since 1t will be integral to the charging base and typically would be located on
user accessed equipment or appliance such as any of a table, bedframe, a wheelchair, and an IV
pole. The base module typically charges the battery in the pump.

(0023} The base module can include means for mounting to an 1V pole. In some cases,
the base module allows for quick disconnection from the IV pole for ambulatory use. In
ambulatory cases, it may be beneficial to have the pump provide power to the wireless module
via the direct power connection when AC power 1s not available. This 1s a great advantage in
that 1t provides freedom and mobility to the wireless module allowing wireless access with the
patient is going about daily activities where direct AC power 1s impractical. Including a battery
with the charging base also provides the benefit of providing wireless communication directly
from the base in ambulatory situations, but also, could possibly provide additional battery life
to the pump while 1t maintains its direct power linkage to the pump.

[0024] In one embodiment, the feeding pump may also contain a wireless transmitter for
communicating data, such as operating parameters and/or status, to a remote monitor over a
wireless communication link, preferably utilizing cellular telephony technology to permit
remote monitoring of certain pump diagnostics. The feeding pump may also contain a receiver
for receiving data such as operating parameter instructions, general operating instructions,
and/or commandes.

100244} According to an aspect, there is provided a system comprising an enteral feeding
pump; and a docking station comprising: a base portion configured to hold the enteral feeding
pump, the base portion including a channel to align the enteral feeding pump; a docking port
disposed on the base portion and configured to couple to a mating port provided on the enteral

feeding pump; a wireless communication module configured to communicate with the enteral
feeding pump, the communication module includes a transcetver to transmit and receive signals
permitting the enteral feeding pump to wirelessly communicate with at least one of a local
hospital network, an intranet, and a remote device; and a charging module located within a
cavity internal to the base portion, the charging module providing power to the enteral feeding

pump, the enteral feeding pump being free of a wireless communication module.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The foregoing features of the invention, as well as the invention itself may be
more fully understood from the following detailed description of the drawings, in which:
10026] FIG. 1 present a schematic diagram of an exemplary architecture for a system
for monitoring a medical device according to the present invention;

10027} FIG. 2 presents a schematic diagram further illustrating exemplary wireless
network components of the architecture according to FIG. 1;

[0028] FIG. 3 presents a schematic diagram illustrating an exemplary wireless relay

module associated with the architecture according to FIG. 1;

7a
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[0029] FIG. 4 presents a flow diagram illustrating a first exemplary method of
operation for the architecture according to FIG. 1; and

[0030] FIG. 5 presents a flow diagram illustrating a second exemplary method of
operation for the architecture according to FIG. 1.

[0031] FIG. 6 1s a schematic 1llustration showing a front perspective view of an
enteral feeding pump 1n a docking station as a medical device that may be utilized 1n the
architecture of FIG. 1;

[0032] FIG. 7 1s a schematic illustration showing a front clevational view of the pump
1in the docking station of FIG. 6;

10033 ] FIG. 8 1s a schematic illustration showing a top plan view of the pump 1n the
docking station of FIG. 6;

[0034] FI1G. 9 1s a schematic 1llustration showing a right side elevation view of the
pump 1n the docking station of FIG. 6;

[0033] FIG. 10 1s a schematic illustration showing a left side elevation view of the
pump 1n the docking station of FIG. 6;

[0036] FIG. 11 1s a schematic 1llustration showing rear elevation view of the docking
station of FIG. 6;

[0037] FI1G. 12 1s a schematic 1llustration showing bottom plan view of the pump in
the docking station of FIG. 6;

[0038] FIG. 13 1s a schematic illustration showing a front perspective view of the
pump (without the docking station) of FIG. 6;

[0039] FIG. 14 18 a schematic illustration showing a right side clevational view of the
pump of FIG. 13;

10040] FIG. 15 1s a schematic 1llustration showing a front clevational view of the
pump of FIG. 13;

[0041] FIG. 16 1s a schematic 1llustration showing a rear elevational view of the

pump of FIG. 13;

[0042] FIG. 17 1s a schematic 1llustration showing a top plan view of the pump of
FIG. 13;

[0043] FI1G. 18 18 a schematic 1llustration showing bottom plan view of the pump of
FIG. 13;



CA 02884437 2015-03-09

WO 2014/043499 PCT/US2013/059703

10044] FIG. 19 18 a schematic illustration showing a left side elevational view of the
pump of FIG. 13;

[0045] FIG. 20 18 a schematic illustration showing a front perspective view of the
docking station (without the pump) of FIG. 6;

[0046] FIG. 21 1s a schematic 1llustration showing a front clevational view of the
docking station of FIG. 20;

[0047] FIG. 22 18 a schematic illustration showing a top plan view of the docking
station of FIG. 20;

10048 FIG. 23 1s a schematic 1llustration showing a right side elevational view of the
docking station of FIG. 20;

10049] FIG. 24 1s a schematic 1llustration showing a bottom plan view of the docking
station of FIG. 20; and

[0050] FIG. 25 1s a schematic illustration showing a left side elevational view of the

docking station of FIG. 20.

DETAILED DESCRIPTION

[0051] Reference will now be made 1n detail to exemplary embodiments of the
invention, including the best modes contemplated by the inventors for carrying out the
invention. Examples of these exemplary embodiments are illustrated in the accompanying
drawings. While the invention 1s described 1n conjunction with these embodiments, 1t will be
understood that 1t 1s not intended to limit the invention to the described embodiments.
Rathcr, the mvention 1s also intended to cover alternatives, modifications, and cquivalents as
may be 1mncluded within the spirit and scope of the invention as defined by the appended
claims.

[0052] In the following description, specific details are set forth in order to provide a
thorough understanding of the present invention. The present invention may be practiced
without some or all of these specific details. In other instances, well-known aspects have not
been described 1n detail in order not to unnecessarily obscure the present invention.

[0053] For the purpose of illustrating the present invention, exemplary embodiments

are described with reterence to FIGs. 1-5.
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10054 ] In this specification and the appended claims, the singular forms "a," "an,” and
"the" include plural references unless the context clearly dictates otherwise. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this invention belongs.

[0055] A schematic diagram of an exemplary architecture 100 for a system for
monitoring medical devices in accordance with the present invention 18 illustrated in FIG. 1.

One or more medical devices 10 are provided at a patient facility 20 for monitoring the

facility 20 may comprise a critical care health service center (for example, including
hospitals, clinics, assisted iving centers and the like) servicing a number of patients, a home
facility for servicing one or more patients, or a personal enclosure (for example, a backpack)
that may attached to or worn by an ambulatory patient. Associated with each medical device
10 1s an interface circuit interface circuit 15 that includes a transceiver for transmitting and
receiving signals 1n a facility-oriented wireless network such as, for example, a Low-Rate
Wireless Personal Area Networks or “LR-WPAN,” ZIGBEE network or other low-power
personal arca networks such as the low power Bluetooth networks, ¢.g., Bluetooth 2.0,
existing or presently under development or consideration. It should be understood that
interface circuit 15 may be contained within or disposed external to medical device 10 in
accordance with the present invention. Also provided within the patient facility 20 arc one or
more relay modules 30

[0056] As described in greater detail with regard to FIG. 3, each module 30 includes
a first transceiver for receiving signals from and transmitting signals to the interface circuits
15 m the facility-oriented wircless network. Relay modules 30a as depicted in FIG. 3
correspond to relay modules 30, and further include a second transceiver for wirelessly
transmitting signals to and recerving signals from an access point 40 as shown 1n FIG. 2 via a
wircless wide-area network or “WWAN”. Suitable WWANS for use with the present
invention include, for example, networks based on a Global System for Mobile
Communications (GSM) or Code Division Multiple Access (CDMA) cellular network or
associated with the 2G, 3G, 3G Long Term Evolution, 4G, WiIMAX cellular wireless
standards of ther International Telecommunication Union -Radiocommunication Sector

(ITU-R). For compliance with HIPAA regulations, communications over each of the

10
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facility-oriented wireless network and WWAN are preferably conducted securely using, for
example, using a Secure Sockets Layer (SSL) protocol or a Transport Layer Security (TLS)
protocol.

[0057] As 1llustrated m FIG. 1, a suitable access point 40 useable with the present
invention may include an mmbound web server 41 that incorporates or otherwise has access to
a transceiver for communicating with the relay modules 30a over the WWAN. Medical

device data recerved by the inbound web server 41 over the WWAN 1s forwarded to a secure

association with 1dentification information of the associated medical devices. An outbound
web server 43 1s configured, for example, to recerve and quality data retrieval requests
submitted by one or more of remote monitoring devices 61, 62 and 63 over a broad-band
network 50 (for example, over the Internet), to request associated medical device data to be
retrieved from the secure data storage server 42, and to format and transmit the retrieved data
to the one or more remote monitoring devices 61, 62 and 63 for display on associated device
displays. While this disclosed architecture for the access point 40 1s 1llustrated with an
exemplary embodiment of the present invention, 1t should be understood that any architecture
for the access point 40 that enables the receipt, storage and retrieval of medical device data
on a device display of the one or more remote monitoring devices 61, 62 and 63 1s intended
to be included within the scope of the present invention.

[0058] FIG. 2 presents a block diagram that further illustrates exemplary components

of the inventive architecture that are located within or otherwise associated with the patient

ar¢ arranged 1n a mesh network 16 within the patient facility 20. The interface circuits 15
and relay modules 30, 30a are contigured to communicate with one another via associated
wireless links. In a preferred embodiment of the present invention represented 1n FIG.2, the
network 16 1s a ZIGBEE mesh network based on IEEE 802.15.4. However, the network 16
may be organized according to a variety of other wireless local area network (WLAN) or
WPAN formats including, for example, WiF1 WLANSs based on IEEE 802.11 and
BLUETOOTH WPANSs based on IEEE 802.15.1.

[0059] In the 1llustrated ZIGBEE mesh network 16, cach of the interface circuits 135

includes a communications interface such as, for example, a wired communications interface,

11
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to an associated medical device 10. In addition, each of the relay modules 30, 30a includes at
least one transceiver configured to communicate with other relay modules 30, 30a in the
ZIGBEE mesh network 16. Relay modules 30a further include at least a second transcerver
for communicating over the WWAN with the access point 40.

[0060] The ZIGBEE mesh network 16 provides the advantages of being self-
configurable when one or more interface circuits 15 and/or relay modules 30, 30a are added
to the network, and self-healing when one or more interface circuits 15 and/or relay modules
30, 30a arc rcmoved from or otherwise disabled 1n the network. Sub-groupings of the
interface circuits 15 and relay modules 30, 30a may be provided 1n a detined geographic
space (for example, on an individual floor or within a region of a floor in a multi-floor home
or care facility).

[0061] FIG. 3 provides a block diagram illustrating exemplary components of relay
module 30a. The relay module 30a of FIG. 3 includes a first transceiver 31 for wirelessly
communicating with interface circuits 15 and other relay modules 30, 30a in the WLAN or
WPAN network 16 of FIG. 2 via an antenna 31a. The relay module 30a further includes a
second transcerver 32 for wirelessly communicating with the access point 40 over the
WWAN via an antenna 32a. Each of the transceivers 31, 32 1s in communication with a data
processing circuit 33, which 18 configured to operate under the control of a processor 34 to
accept data received by the transceivers 31, 32 and store the received data in a buffer element
35. In addition, the data processing circuit 33 1s further configured to retrieve data from the

buffer element 35 under the direction of the processor 34 and provide the retrieved data to a

32b of the transceivers 31, 32 1n order to determine a communications status of ecach ot the
transceivers 31, 32.

|0062] The processor 34 1s also preferably in communication with an mput/output
circuit 36, which provides signals to one or more display elements (not shown) of the relay
module 30a, for example, for indicating a start-up or current status of the relay module 30a,
including communication or connection status with the WLAN or WPAN network 16 and
WWAN. The input/output circuit 36 may also be connected to user buttons, dials or input

mechanisms and devices of module 30a. The input/output circuit 36 1s further usable for
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providing alarm signals to indicate, for example, A/C power loss or loss of accessibility to
the WWAN or wireless relay network.

[0063] Relay module 30a may preferably be provided as a small physical enclosure
(not shown) with an integral power plug and power supply circuit, such that the relay module
30a may be directly plugged into and supported by a conventional wall outlet providing
commercial A/C power. Relay module 30a may also preferably include a battery back-up
circuit (not shown) to provide uninterrupted power 1n the event of A/C power outage as well
as for ambulatory usc of the relay module. Alternatively, relay module 30a may be provided
with rechargeable and/or replaceable battery power as a primary power source for
ambulatory use.

10064 ] FIG. 4 presents a flow diagram 1llustrating an exemplary method of operation
400 for the architecture according to FIG. 1 and relay module 30, 30a components of FIGs. 2,
3, relating to the transmission of medical device data obtamed from a medical device 10 to
the access point 40. At step 402 of the method 400, the medical device data 1s received at a
first one of the relay modules 30a from one of the interface circuits 15 and/or other relay
modules 30, 30a over the ZIGBEE mesh network 16. At step 404, the processor 34 of the
one relay module 30a determines whether the WWAN 1s accessible by that relay module 30a.
[0065] The determination of step 404 may be carried out in a variety of manners. For
example, the processor 34 may interrogate the status module 32b of the transceiver 32 at the
time of the receipt of the medical device data to determine a status of access for the

transceiver 32 to the WWAN (for example, as the result of the transceiver 32 detecting an

34 may intcrrogate the status module 32b at a different time including, for example, at
system start-up and/or periodically (for example, hourly), and maintain a status indicator
such as 1n the buftfer 35 or another storage element to be retrieved at the time of receipt of the
medical data. As yet another alternative, the relay module 30, 30a may be assigned a
predetermined, fixed role within the network 16. For example, relay modules 30a in the
network 16 may be assigned a data routing assignments by a controller or “master” relay
module. By definition, the WWAN status for relay module 30 that does not possess WWAN

access capability shall have a fixed status of “WWAN 1naccessible.”
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[0066] If, as provided for in step 404, the status module 32b indicates that the
WWAN 1s accessible by the transceiver 32, then the processor 34 will proceed to step 406 to
instruct the data processing circuit 33 of the one relay module 30 to retrieve the medical
device data from the buffer 35 (as necessary) and forward the medical device data to the
transceiver 32 for transmission to the access point 40 over the WWAN.

[0067] Alternatively, in step 404, the status module 32b may indicate that the
WWAN 15 not accessible by the transcerver 32. For example, 1f the one relay module 30a 1s
located on a basement floor of the building 1n an arca that 1s substantially shiclded with
respect to WWAN signals, the WWAN may not be accessible to the one relay module 30a.
In this event, at step 408, the processor 34 determines whether a second relay module 30a 18
accessible via the WLAN or WPAN. Again, this determination may be made 1n a variety of
manners including by instructing the transceiver 31 to send a handshake signal transmission
directed to a second relay module 30a and to listen for a reply, or by retrieving a stored status
indicator for the second relay module 30a.

[0068] If the second relay module 30a 1s accessible, then the processor 34 instructs
the data processing circuit 33 of the one relay module 30a to retrieve the medical device data
from the buffer 35 (as necessary) and forward the medical device data to the transceiver 31
for transmission to the second relay module 30a over the WLAN or WPAN at step 410.
Alternatively, if the second relay module 30a 1s inaccessible in step 408, this portion of the
process 400 may preferably be repeated to search for a further relay module 30a that 1s

accessible. Alternatively, or in the event that no other relay module 30a 1s available, the

412. Such an alarm notification may, for cxample, include onc or more of local visual and
audio alarms as directed by processor 34 via the input/output circuit 36 of the one relay
module 30a, alarm messages directed by the processor 34 to another accessible WPAN,
WLAN or WWAN via one or more of the transceivers 31, 32, and/or alarm messages
generated by the the inbound web server 41 of the access point 40 of FIG. 1 after a specified
time period has been exceeded during which a handshake signal of the relay module 30a 1s
due to be recerved at the inbound web server 41,

[0069] FIG. 5 presents a flow diagram 1llustrating another exemplary method of

operation 500 for the architecture according to FIG. 1, relating to the transmission of a
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message from the access point 40 to be received by one of the medical devices 10. This
cnables the access point 40, for example, to communicate with medical devices in order to
download new firmware or software, to respond to error messages nitiated by the medical
devices (for example, to re-set a device or remove 1t from service, or to run device
diagnostics), and to operate the medical device (for example, to adjust a flow rate on a
feeding pump).

[0070] At step 502 of the method 500, the message 15 received at the first one of the

module 30 determines whether the message 18 intended to reach one of the interface circuits
15 and/or other relay modules 30, 30a located 1n the facility 20. This may be accomplished,
for example, by maintaining a list of active devices 15 and modules 30, 30a in the buffer 35
or 1n a manner otherwise accessible to the one relay module 30a, or coding an 1dentitier of
the interface circuit 15 or module 30, 30a to include an 1dentity of the facility 20 that is
stored 1n the buffer 35 or 1s otherwise 1dentifiable to the one relay module 30. In the
alternative, the received message may include a device identifier such as a serial number or
an assigned 1dentifier. Such a received message would then be broadcasted to all or a subset
of interface circuits 15 in the facility and cach interface circuit 15 determines 1f it was the
intended recipient or should otherwise act upon or 1ignore the message.

[0071] If the one relay module 30a determines at step 506 that the interface circuit 135
or module 30, 30a 1s not located 1n the facility, the one relay module 30 may preferably

proceed to discard the message at step 508, and/or alternatively alert the access point 40 with

modular 30 determinges at step 510 whether the interface circuit 15 or relay module 30, 30a
accessible to the one relay device 30 via the WLAN or WPAN (for example, by consulting a
list stored 1n the buffer 35 or that 1s otherwise accessible to the one relay module 30, or by
instructing the transceiver 31 to send a handshake or test transmission directed to the
interface circuit 15 and to listen for a reply).

[0072] If the one relay module 30a determines at step 512 that the device 15 or relay
module 30, 30a 1s accessible, then at step 514, 1t transmits the message via network 16 to that
device or relay module via the transceiver 31. If the one relay module 30a alternatively

determines at step 512 that the device or relay module 1s not accessible, it proceeds at step
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516 to determine whether a second relay module 30, 30a 1s accessible via the WLAN or
WPAN (for example, by instructing the transceiver 31 to send a handshake or test
transmission directed to the second relay module and to listen for a reply). If the second
relay module 30, 30a 1s available, then the one relay module 30 forwards the message to the
transcerver 31 for transmission to the second relay module 30, 30a over the WLAN or
WPAN. If the second relay module 30, 30a 1s 1naccessible, then this portion of the process
500 may preferably be repeated to search for a third relay module 30, 30a that 1s accessible.

module 30 may preferably 1ssue an alarm notification at step 522, preferably in one of the
same manners described above 1n reference to the method 400 of FIG. 4.

[0073] The novel architecture disclosed herein for providing networked
communications between a series of medical devices and a remote monitoring device
provides a number of distinct advantages in comparison to other monitoring systems. By
employing ZIGBEE networks based on the IEEE 802.15.4 standard according to a preferred
embodiment for wireless communications between the medical devices 10 and relay modules
30, 30a, power and size requirements can be minimized so that the interface circuits 15 can
be casily and inexpensively applied to and/or integrated with the medical devices 10.

[0074] By introducing relay modules 30a that are part of the ZIGBEE networks and
ar¢ directly able to access off-site monitoring devices via a WWAN, access to and reliance
on existing and potentially unreliable LAN facilities at a facility can be avoided. By

incorporating relay features into the relay modules 30a that relay communications from a

cnables the use of conventional, low-cost cellular transcervers 1n the relay modules 30a for
accessing the WWAN.

[0075] By limiting the configuration of cellular transceivers to just the relay modules
30a, costs can be further reduced. In addition, providing the relay modules 30a in a compact
enclosure facilitates the relay modules 30a to be easily connected to reliable commercial
power sources and easily moved when needed to reconfigure the ZIGBEE networks

according to facilities changes.
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[0076] It should of course, be understood that while the present invention has been
described with respect to disclosed embodiments, numerous variations are possible without
departing from the spirit and scope of the present invention as defined in the claims. For
example, the present invention may be based on any of a number of current and future
WPAN, WLAN and WWAN standards beyond those explicitly described herein. It should
also be understood that 1t 1s possible to use exclusively relay modules 30 in the WLAN or

WPAN network 16 of FIGs. 1 and 2, with transceivers for communicating with other relay

10077] In addition, respective interface circuits useable with the present invention
may 1nclude components of and perform the functions ot the module 30 to provide greater
flexibility 1n accordance with the present invention. Further, numerous configurations of
components for relay module 30 are useable with the present invention beyond the
components shown 1n FIG. 3. For instance, an input-output buffer may be used with
respective switches under control of a processor for directing medical device data to
transceivers 31, 32 as needed. Moreover, it 18 intended that the scope of the present
invention include all other foreseeable equivalents to the elements and structures as described
herein and with reference to the drawing figures. Accordingly, the invention 1s to be limited
only by the scope of the claims and their equivalents. It should be appreciated that reference
1S sometimes made herein to a docking station configured for use with an enteral feeding
pump. After reading the description provided herein, however, those of ordinary skill in the

art will appreciate that the concepts and techniques described herein may be used in a wide

medical devices.

|0078] The system can include an enteral feeding pump coupled to a docking station.
The docking station receives information provided thereto from the teeding pump and
wirelessly communicates such information to a remote system (e.g. a remote monitor).
Referring now to Figs. 6-25, a docking station as a relay module 30, which can be adapted for
use with an enteral feeding pump as a medical device 10, includes a base portion and side
walls projecting from the base portion. The base portion has a surface configured to accept

the enteral feeding pump. The side walls form guide rails which serve to aid 1n aligning and
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cuiding the enteral feeding pump 1nto a desired position on the base. Base portion has a
channel which also serves to aid 1n aligning and guiding the enteral feeding pump into a
desired position on the base. The length, width, depth and shape of the channel are selected
to accommodate a corresponding boss or flange on the enteral feeding pump to be docked 1n
the docking station.

[0079] The docking unit or station can further include a latch configured to engage or

mate with a corresponding catch on the enteral feeding pump. When the feeding pump 1s

pump to the docking station. A release mechanism such as a push-button type release
mechanism can be utilized and configured to release the enteral feeding pump.

[0080] The docking station further typically includes a communication/power port.
The communication/power port is here shown projecting from a surface of the docking
station sidewall. Those of ordinary skill in the art will appreciate, of course, that the
communication/power port may be disposed on either of base or side surfaces. The specific
location of the communication/power port in any particular application 1s selected may be
based upon the location of the mating port on the enteral feeding pump to be docked in the
docking station. Thus the specific location and configuration of the communication/power
port 1s selected such that 1t can coupled to a mating port provided on the enteral feeding
pump. It should also be appreciated that two separate ports may also be used (e.g. one port
for communication and a separate port for power) depending, at least in part upon the
requirements of the pump to be mated to the docking station.

0081 ] The docking station further includes a communication module (not shown)

include a transcerver to transmit and receive signals. The docking station further includes a
charging module (not shown) which provides power to the enteral feeding pump (e.g. to
charge a power source within the enteral feeding pump). The docking station charging and
communication modules may be coupled to the communication/power port and communicate
to the pump via the communication/power port (1.€. a physical or hardwire connection). It
should also be appreciated that in preferred embodiments, the communication module 1s
provided as a wireless communication module which allows the docking station to

communicate wirelessly with the pump. Similarly, it should be appreciated that in some
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embodiments, the charging module may be provided as a wireless charging module (e.g.
using ¢lectromagnetic coupling) which allows the docking station to wirelessly charge a
power source (€.g. one or more rechargeable batteries) in the pump.

[0082] Regardless of whether the communication module communicates wirelessly
with the pump, the docking station communication module allows the enteral feeding pump
to communicate with one or all of: a local hospital network; an intranct; an internct; and/or a
remote device or system. In one embodiment, the docking station receives data and
information from the pump and wirclessly communicates such data and information to
nurses, health care providers and healthcare equipment companies via one or more network
communication links. In further embodiments, the docking station tacilitates transfer of data,
information, and 1nstructions from one or more remote devices (not shown) to the medical
device such as the feeding pump. For example, the docking station can comprise a receiver
or a transreceiver configured to recelve mstructions from a remote server over a wireless
communication network such as any of a cellular or mobile network utilizing any of the
GSM, GPRS, CDMA, EV-DO, EDGE, 3GSM, DECT, TDMA, 1DE protocols. In other
cases, the receiver or transceiver 18 configured to transfer instructions through a wireless
local area network utilizing one or more IEEE 802.11 protocols.

0083 ] Any of portion of the data, instructions, and information received and/or
transmitted can be encrypted utilizing any suitable protocol such as those based on WEP and

WPA.
[0084 ] In one embodiment, the docking station further includes a WIFI/cellular

the basc portion (as opposcd to having the WIFl/cellular wireless board internal to the enteral
pump), the enteral feeding pump remains relatively small and light (and thus ambulatory)
while still providing wireless communication capability. Thus a combination wireless
docking station and enteral feeding pump combination 1s provided 1n which the size and
welght of the enteral feeding pump is such that the enteral feeding pump remains ambulatory
while still providing wireless communication capability. The base station includes an
antenna coupled to the communication module to aid with transmission and/or reception of

signals provided from / to the docking station via the communication module.
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0083 ] In one embodiment, the wircless module 1s integral to the base portion. This
provides a user benefit because by making the wireless module integral to the base portion
(which also charges the enteral feeding pump) 1t will be difficult to lose the wireless module.
This 1s particularly true since the docking station (and thus base portion) will often be
attached or otherwise coupled, to an IV pole.

[0086] In some embodiments, the base portion includes a wireless charging module

located within a cavity internal to the base portion of the docking station. In one

allows the docking station to be disposed on a tabletop.

|00K87] In some embodiments, the base portion includes a support device (e.g. a
clamp) which allows the docking station to be clamped to another object such as an 1V pole
or some other mobile support unit (e.g. a wheelcharir).

[00&8] In some embodiments, the docking station further comprises means for quick
disconnection from the IV pole for ambulatory use. In ambulatory cases, 1t may be beneficial
to have the pump provide power to the wireless module via the direct power connection
when AC power 18 not available. This 1s a great advantage 1n that 1t provides freedom and
mobility to the wireless module allowing wireless access with the patient 1s going about daily
activities where direct AC power 1s configured to couple to an enteral feeding pump or other
medical device.

[0089] As discussed above, 1n preferred embodiments, the docking station includes a

wireless transmitter for communicating data, such as operating parameters and/or status, to a

communication link to permit control and/or data exchange with the feeding pump. This
may be 1n addition to or 1n place of the remote monitoring. The pump may also contain a
receiver for receiving data such as operating parameter instructions, general operating
instructions, and/or commands.

[0090] The wireless communication link may be provided utilizing cellular telephony
technology. In other embodiments other wireless communication technologies may be used

including, but not limited to any wireless technology based, in whole or 1n part, upon the
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IEEE 802.11 standards. For example, Wi1F1 technology, Blue Tooth technology, ZigBee
technology may be used.

[0091] Thus, the docking station allows an enteral feeding pump to communicate
wirclessly with and to dock to a charging base which, in turn, communicates with one or all
of: a local hospital network; an intranet; an internet; and/or a remote device or system. In one
embodiment, the docking station communicates data and information to nurses, health care
providers and healthcare equipment companies via one or more network communication

links.

10092] In general overview, the docking station described herein mcludes a charging

function as well as: (1) providing a direct physical linkage or docking of the pump with the
wireless module charging base; (2) during this direct linkage, the charging base provides
power to the pump to ensure that rechargeable power sources (¢.g. rechargeable batteries) on
the pump receive charging while attached to the charging base; (3) the charging base will
have a quick disconnect pole clamp that allows the charging base to be attached to the IV
pole and then easily removed via quick disconnect so the wireless module can be used
ambulatory with the pump. This would leave a portion of the pole clamp still affixed to the
IV pole. This also allows for casy reconnection to the IV pole after ambulatory use; (4) the
charging base can have the alternate ability to receive power for wireless communication via
the direct link to the pump in an ambulatory situation. In this condition, the backup battery on

the pump could provide sufficient power to send wireless signals when no AC power 18

situation; (6) In similar fashion to 4, the pump could receive extra battery life using the
battery in the charging base; (7) the base module will have the capability to sit on a tabletop
or be clamped to an IV pole.

[0093] A docking station as described herein allows the size and weight of an enteral
feeding pump to remain small and ambulatory while still providing wireless communication
capability. This 1s due to the storage of one or more WIFI/cellular wireless boards inside the

chargmg base as opposed to having the WIFl/cellular wireless board internal to the pump.
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10094 ] The base module will charge the battery in the pump, The base module
includes means for mounting to an IV pole. The base module allows for quick disconnection
from the IV pole for ambulatory use. In ambulatory cases, it may be beneficial to have the
pump provide power to the wireless module via the direct power connection when AC power
1s not available. This 1s a great advantage in that 1t provides freedom and mobility to the
wireless module allowing wireless access with the patient 1s going about daily activities
where direct AC power 1s impractical. Including a battery with the charging base also
provides the benefit of providing wircless communication directly from the base in
ambulatory situations, but also, could possibly provide additional battery life to the pump
while 1t maintains 1ts direct power linkage to the pump.

[0095] Referring 1n particular to FIGS. 6-12, the docking station 1s exemplarily shown
with the enteral feeding pump coupled thereto. As most clearly visible in FIGS. 6-9, the
pump 1s securely held 1in the docking station. In this position, the charging module charges
one or more power sources within the pump and the communication module communicates
with the pump by providing, for example, direct current at any suitable or desired voltage
potential, e.g., any of 5 volts and 12 volts, at any suitable or desired current. The charging
module can further comprise any of an inverter and charge state circuitry.

[0096] A power cord with a first end (or plug end) 1s connectable, or 1s otherwise
coupled, to a socket (or power port) provided on a back surface of the base portion of the
docking station. A second end of the power cord leads to a wall adapter which allows the

docking station to receive power from a standard wall outlet (¢.g. North American standard

10097] As discusscd above, the docking station communication module allows the
enteral feeding pump to communicate wirelessly with one or all of: a local hospital network;
an Intranet; an internet; and/or a remote device or system. In one embodiment, the docking
station communicates data and information to nurses, health care providers and healthcare
equipment companies via one or more network communication links.

[0098] Such communication may be accomplished via a WIFI or cellular service.
Since the WIFI/cellular communication module 1s disposed as part of the docking station, (as
opposed to having the WIFl/cellular wireless board internal to the enteral pump), the enteral

feeding pump remains relatively small and light (and thus ambulatory) while still providing
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wireless communication capability. Thus, a wireless docking station and enteral feeding
pump combination 1s provided 1n which the size and weight of the enteral feeding pump 1s
such that the enteral feeding pump remains ambulatory while still providing wireless
communication capability via the docking station.

[0099] In one embodiment, the docking station includes a wireless transmitter for
communicating data, such as operating parameters and/or status, to a remote monitor over a
wireless communication link, to permit remote monitoring of certain pump diagnostics. In
som¢ cmbodiments, the docking station may utilize the wirecless communication link to
permit control and/or data exchange with the feeding pump. This may be 1n addition to or 1n
place of the remote monitoring. The pump may also contain a receiver for recerving data
such as operating parameter mstructions, general operating mstructions, and/or commands.
[00100] In one embodiment, the feeding pump may also contain a wireless transmitter
for communicating data, such as operating parameters and/or status, to a remote monitor over
a wireless communication link, preferably utilizing cellular telephony technology to permit
remote monitoring of certain pump diagnostics. The feeding pump may also contain a
recerver for recerving data such as operating parameter instructions, general operating
instructions, and/or commands.

[00101] The docking station typically includes electrical contacts through which
power and communication signals may be coupled between the feeding pump and docking
station.

[00102] A detachable clamp can be coupled to the docking station. The clamp 1s

mobile support structure thereby allowing the system to be ambulatory.

[00103] Either or both of the docking station and pump may have a communications
module provided as part thereof.

[00104] Power may be supplied the docking station via a removable plug and wall
adapter. The plug/wall adapter can be coupled directly to the docking station or directly to
the pump.

[00105] In further embodiments, the system can be implemented as a home care

ambulatory enteral feeding pump includes a communication module capable of
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communicating within a personal arca network (PAN). In those embodiments 1n which the
feeding pump 18 provided with only a ZigBee communication set (or similar), the feeding
pump cannot communicate via cellular technology.

[00106] The systems, circuits and techniques described herein are not limited to the
specific embodiments described. Elements of different embodiments described herein may
be combined to form other embodiments not specifically set forth above. Other
embodiments not specifically described herein are also within the scope of the following

claims.
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CLAIMS

1. A system comprising an enteral feeding pump; and a docking station comprising:

a base portion configured to hold the enteral feeding pump, the base portion including a
channel to align the enteral feeding pump such that the enteral feeding pump may operate while
on the base portion to deliver enteral feeding solution to a patient;

a docking port disposed on the base portion and configured to couple to a mating port
provided on the enteral feeding pump;

a wireless communication module configured to communicate with the enteral feeding
pump, the communication module includes a transceiver to transmit and receive signals
permitting the enteral feeding pump to wirelessly communicate with at least one of a local
hospital network, an intranet, and a remote device; and

a charging module located within a cavity internal to the base portion, the charging
module providing power to the enteral feeding pump,

the enteral feeding pump being free of a wireless communication module.

2. The system of claim 1 wherein the enteral feeding pump comprises one or more
rechargeable batteries and wherein in response to the enteral feeding pump being attached to the
base portion, the charging module charges the one or more rechargeable batteries in the enteral

feeding pump.

3. The system of claim 1 or 2 wherein the docking station includes means for mounting or

otherwise securing the docking station to an IV pole.

4. The system of any one of claims 1 to 3 wherein the enteral feeding pump includes a

backup battery to provide power to send wireless signals when no AC power is available.
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