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(57) ABSTRACT

A caregiver communication system for a home environment
provides remote alert condition setting and monitoring of a
patient and patient support equipment. A patient communi-
cation portal located in the patient home environment may
use an existing telecommunications infrastructure to com-
municate with a monitoring communication portal located in
a geographically distant location, for example, in a hospital
staffed with caregivers responsible for monitoring the in-
home patient and equipment. The monitoring communica-
tion portal can be interfaced with existing nurse communi-
cation systems and/or a hospital network infrastructure to
link the communication system with caregiver communica-
tion devices such as phones, intercoms, pagers, wireless
handsets, badges, and the like.

"""" ! ]

10/ FROM
Fi6.18

PATIENT INTERFACE |

1

i

'] BED
y | SENSOR
i SYSTEM
!

| m /:'35
]
R

SPEAKER

)

PATIENT COMMUNICATION
PORTAL

b
]
b
h
[
1
L 48|
i

ALERT
< CONDITIONS

COMMUNICATION
INFRASTRUCTURE

51

DEVICE COMMUNICATION
PORTAL

ALERT
CONDITIONS

_/"54

-53

S 4

3B| AN —

7 4
7 L 1)

\ N N\ g S

BED PATIENT
EQUIPMENT

MONITORS VICE

COMJRESSION

PULMONARY ENVIRONMENTAL 0y
DEVICE MOKITOR (ONCENTRATOR




US 2007/0004971 A1

Patent Application Publication Jan. 4,2007 Sheet 1 of 4

YOIVYINDNGD

HOLINOW

TVINIWNOYIANI

DI
NOISSTdWO0D

SY0LINOW
NIV

INIWdIno3
(L

)
/

34

L/

Ui S

8¢

\:

113

A o

RNDNAISVAINI
NOILYDINNWWO)

VI "9Id

a1 914
Wo¥4 /01

¥4+ |

40SS1)04d

SNOLLIONG
Jh21

VIO

NOILVDINNWWO) DIA30

1S~

(3055004 |

SNOLLIGNOD
LV

|

V1304

NOLIDINTWWOD IN311vd

[ P |

A}

—8

05—

HITIONINOIO 7 T

3

INOHJODIW

IDVIS

A

- -

|
87

WIISAS
J0SN3S
a3

g\“\ DVRIIIN INILVY

\

! WI1SAS 1404dNS INLLVd

23

o~
(Y]

N

\

T "9I4

il vl
94 | "9H




US 2007/0004971 A1

Patent Application Publication Jan. 4,2007 Sheet 2 of 4

4

07

g6
" INORIODW |
dl '9I4
| 3vaS | el
e NTETe T e
06 AdSid 305508 -ww NN
TVHHILN| $INIOTIV) SHOLLIGND J WI¥0d
7 1 L £ NOIVINIWWO)
I g— 68 ONIHOLINOW LONIK
NOLLYIS WAISAS ¥OLINOW :
INOHd _
; , = _
Q N | 1
C YHOMLIN TVLISSOH D
|||||||||||||| N ¥ e |
!
INVIDN TINGOW TINGOW
INOHATTIL DNV NOLIVDINTWWOD | NOLWINIWWED [~y
N VNI IRIM 2 SSTHAIM
61 7
81 |
[ |
13 ‘INOHdITAL WALSAS A T/ am
30ISIN0 NOnd B omve @ yow 08 13sawwm
/ X ) )
I wm, @ _ " “
™~ 190va E8~{ ¥3ovd 18~ 1350NVH

V1 9
0L/ W0




Patent Application Publication Jan. 4,2007 Sheet 3 of 4 US 2007/0004971 Al

PATIENT MONITORING
ROUTINE 100

RECEIVE MONITORED | _-102
PARAMETERS

Y

RECEIVE AND TRANSHT |- 104
ALERT CONDTIONS. |~

»)
Bl

Y

RESETTIMER  ™~<106

n

A 4

INCREMENT TIMER | 108

A
RECEIVE MONITORING  |_~110
DATA

\ 4

118
A 4 /
CAREGIVER SEND
QAL R;QUEST DATA / REQUEST
122
PATIENT ?
TE
CAI.I.REQUEST V?](I]CIEVIA]NK

FIG., 2




Patent Application Publication Jan. 4,2007 Sheet 4 of 4

REMOTE MONITORING
ROUTINE

) 4

200

SELECT MONITORED
PARAMETERS

102

Y

SELECT
ALERT CONDITIONS

L~ 204

TRANSMIT PARAMETERS
AND ALERT CONDITIONS

206

”

US 2007/0004971 A1

A 4

RESET TIMER

FIG. 3

Ll

[NCREMENT TIMER

212

TIMER
EXCEED% PRESET

216
DATA
RECEJVED

YES

ALERT CONDITION
VIOL;\TED

CAREGIVER
(ALL REQUEST

[~~-208

L ~210

24
\

REQUEST

SEND DATA

YES

PATIENT CALL
ACKNO\![EDGED

228
/

ACTIVATE

VOICE LINK




US 2007/0004971 A1

CAREGIVER COMMUNICATION SYSTEM FOR A
HOME ENVIRONMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§ 119(e) of U.S. Provisional Application Ser. No. 60/685,
639, filed May 27, 2005, which is expressly incorporated by
reference herein.

BACKGROUND

[0002] The present invention relates to a healthcare com-
munication system, and particularly, to a communication
system having a bed and device status system for providing
patient monitoring by caregivers.

[0003] Hospital nurse communication systems provide
instant communication between patients, caregivers, and
dispatchers and also provide monitoring of patient support
equipment such as a hospital bed, vital signs, and various
patient care devices from a nurse station or other central
location. In-home patient care arrangements provide special
challenges for caregivers responsible for the patient’s care.
Caregivers often only make periodic visits, so when a health
or equipment problem arises patients must contact the
caregiver by telephone to discuss such problems. Such
problems may not always be resolved over the telephone and
may have to wait for the next scheduled visit, or the
caregiver must make an unscheduled visit to the patient’s
home. Additionally, patient health or equipment problems
may go unnoticed until the next in-home visit by the
caregiver.

SUMMARY

[0004] The present invention may comprise one or more
of the features recited in the attached claims, and/or one or
more of the following features and combinations thereof. A
patient monitoring system may comprise a patient support
system for a home environment, a sensor system configured
to generate a first signal relating to at least one parameter of
the patient support system, a first communication portal
coupled to the sensor system by a first datalink, and a second
communication portal positioned geographically distant
from the first communication portal. The first communica-
tion portal is configured to receive the first signal from the
sensor system and the second communication portal which
is coupled to the first communication portal by a second
datalink system is configured to receive the first signal from
the first communication portal. A monitoring device is
coupled to the second communication portal by a third
datalink system and is configured to receive and process the
first signal from the second communication portal. A car-
egiver interface configured to provide indications relating to
the first signal may be coupled to the monitoring device. A
caregiver interface configured to provide monitoring of the
first signal may be coupled to the monitoring device, for
example by a third communication portal. A patient interface
coupled to the first communication portal by the first
datalink may be configured to provide voice communication
between a patient and caregiver.

[0005] The patient support system may include at least one
of a patient support surface, for example a hospital bed, and
a patient care device, for example medical equipment such
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as an IV pump. A forth communication portal coupling the
first communication device and the patient care device may
be configured to receive a second signal from the patient
care device and transmit the second signal to the first
communication device. The second signal relates to at least
one parameter of the patient care device. The first datalink
may also include at least one communication controller
adapted to combine the first signal received from the sensor
system and the second signal received from the forth com-
munication portal for transmission to the first communica-
tion portal. The at least one communication controller may
also be configured to separate a plurality of signals received
from the first communication portal for transmission to one
of the sensor system and the forth communication portal.
The at least one communication controller coupled the first
communication portal and the forth communication portal.

[0006] The first communication portal may be configured
to periodically transmit the first and second signals to the
monitoring device and may be configured to transmit a third
signal to the monitoring device upon a parameter associated
with at least one of the sensor system and the patient care
device violating a predefined condition. The predefined
condition may be transmitted from the monitoring device to
the first communication portal. The monitoring device may
include a component of a nurse call system. The second
datalink may include at least one of a wireless network,
internet, and telecommunications network. The third
datalink may include a component of a hospital network
infrastructure.

[0007] A patient monitoring system for a patient support
system may comprise a patient support system sensor con-
figured to generate signals relating to a status of the patient
support system, a first communication portal coupled to the
patient system sensor and configured to receive and transmit
the signals, a second communication portal located geo-
graphically distant from the first communication portal, and
a monitoring device coupled to the second communication
portal and configured to receive the signals from the second
communication portal and provide an alert to a caregiver
upon the signals violating one of a plurality of conditions.
The second communication portal may be configured to be
coupled to the first communication portal by a datalink and
to receive the signals from the first communication portal
and transmit the signals to the monitoring device. The
datalink may include at least one of a wireless network,
internet, and a telecommunications network. The second
communication portal may include a component of a hos-
pital network infrastructure.

[0008] The patient support system sensor may be associ-
ated with, and monitor a parameter relating to a status of, at
least one of a patient support surface, a patient monitoring
device, an IV pump, a sequential compression device, a
pulmonary percussion therapy device, an environmental
monitoring device, and an oxygen concentrator. Alterna-
tively, or additionally, the patient support system sensor may
monitor at least one of patient blood pressure, temperature,
respiration rate, blood oxygen saturation, and heart rate.
Alternatively, or additionally, the patient support system
sensor may monitor a parameter relating to at least one of
patient position, patient weight, a performance value for a
component of the patient support surface, the position of a
component of the patient support surface, pressure relief
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component of the patient support surface, and a percussion
therapy component of the patient support surface.

[0009] The patient monitoring system may further com-
prise a caregiver interface coupled to the monitoring device
and configured to allow a caregiver to set the plurality of
predefined conditions. The monitoring system may also be
configured to store the plurality of predefined conditions and
to provide the alert based on comparing the received signals
to the plurality of predefined conditions. The predefined
conditions may relate to a patient standard of care. The
caregiver interface may be configured to annunciate the
alert. The patient monitoring system may further comprise a
patient interface coupled to the first communication portal
and configured to provide voice communication between a
patient and a caregiver. The monitoring device may include
a component of a nurse call system. The first communication
portal may be configured to receive and store the plurality of
predefined conditions and further configured to initiate a
communication connection through the datalink and the
second communication portal to provide an alert signal to
the monitoring device upon signals violating at least one of
the plurality of predefined conditions. The first communi-
cation portal may also be configured to periodically initiate
a communication connection through the datalink and the
second communication portal and further configured to
provide the signals relating to a status of the patient support
system upon initiation of the communication connection.

[0010] The patient monitoring system for an in-home
patient support system may comprise a sensor system con-
figured to generate signals relating to at least one parameter
of the patient support system, a first communication portal
coupled to the sensor system by a first datalink, a second
communication portal located geographically distant from
the first communication portal and coupled to the first
communication portal by a second datalink, and a monitor-
ing device coupled to the second communication portal by
a third datalink, the monitoring device configured to store
conditions relating to the signals. The first communication
portal, the second communication portal, and the monitoring
device may be configured to transmit and receive data
relating to the signals and the conditions. The second
datalink may include at least one of a wireless network,
internet, and telecommunications network. The third
datalink may include a component of a hospital network
infrastructure. The monitoring device may include a com-
ponent of a nurse call system.

[0011] The monitoring device may further include a pro-
cessor and software enabling the monitoring device to
provide selection of conditions relating to the at least one
parameter of the patient support system, receive the data
relating to the signals and the conditions, compare the
conditions to the received data, and provide a caregiver alert
upon the received data satisfving the conditions. The soft-
ware may further enable the monitoring device to periodi-
cally command the first communication device to send the
data. The software may further enable the monitoring device
to transmit conditions to the first communication device.

[0012] The first communication device may include a
processor and software enabling the first communication
device to receive conditions relating to the at least one
parameter of the patient support system, receive signals
relating to the at least one parameter of the patient support
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system, and selectively transmit data to the monitoring
device based on a function of the monitoring and alert
conditions and signals. The data may be transmitted at least
periodically. Alternatively, or additionally, the data may be
transmitted at least when any of the signals satisfy the
associated conditions. The first communication device may
also include a second communication device, the first com-
munication device being associated with a patient support
surface and the second communication device being asso-
ciated with a patient care device.

[0013] The patient monitoring system may further include
a patient interface coupled to the first communication
device, and a caregiver interface coupled to the second
communication device, the patient interface and caregiver
interface being configured to provide voice communication
between a patient and a caregiver.

[0014] Additional features of the disclosure will become
apparent to those skilled in the art upon consideration of the
following detailed description of the illustrative embodi-
ment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The detailed description particularly refers to the
accompanying figures, in which:

[0016] FIG. 1 is a map showing how to layout FIGS. 1A
and 1B to form a block diagram of an illustrative embodi-
ment of a caregiver communication system for a home
environment in which medical equipment at a patient’s
home communicates with monitoring devices at a monitor-
ing facility that is geographically distant from the patient’s
home;

[0017] FIG. 2 is a flow chart illustrating exemplary soft-
ware associated with the in-home portion of the patient
monitoring system of FIG. 1; and

[0018] FIG. 3 is a flow chart illustrating exemplary soft-
ware associated with the monitoring facility portion of the
patient monitoring system of FIG. 1.

DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENTS

[0019] For the purposes of promoting and understanding
the principals of the invention, reference will now be made
to one or more illustrative embodiments illustrated in the
drawings and specific language will be used to describe the
same.

[0020] FIGS. 1A and 1B depict an illustrative embodiment
of a caregiver communication system 20 for monitoring of
a patient and equipment in a home environment. The system
20 generally comprises an in-home portion 22 (FIG. 1A) and
a monitoring facility portion 24 (FIG. 1B). The in-home
portion 22 is located in a residence or other non-healthcare
facility location. The monitoring facility portion 24 is
located geographically distant from the in-home portion 22,
for example at a hospital or other facility not connected to
the home environment and staffed by personnel responsible
for the care and/or monitoring of the in-home patient. For
example, the personnel may be caregivers, or other person-
nel responsible for monitoring of the patient and in-home
equipment and/or for contacting the caregiver or other
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designated persons when indicated, and may be located in a
facility located across the city or across the country from the
patient’s home environment.

[0021] The in-home portion 22 and the monitoring facility
portion 24 may be coupled by a communication infrastruc-
ture 26. For the purposes of this disclosure, coupled means
directly or indirectly connected so as to provide data trans-
mission and includes wire or wireless connections. The
communication infrastructure 26 may be an existing infra-
structure such as a wireless network, internet, or a telecom-
munications network, for example a public switched tele-
phone network, or may be a dedicated infrastructure such as
a wired or wireless network, or other dedicated communi-
cations link.

[0022] The caregiver communication system 20 provides
functionality for a patient in a home environment similar to
that provided by an in-hospital nurse communication sys-
tem, for example, the COMLinx™ System, available from
Hill-Rom Company, Inc. of Batesville, Ind. For example, the
caregiver communication system 20 provides voice com-
munication between the patient and caregiver, and provides
patient monitoring information, bed status information,
patient care device information, and other healthcare equip-
ment status information to a geographically distant car-
egiver. Additionally, the caregiver communication system
20 can be linked with wired and wireless communication
devices such as telephones, cell phones, and pagers, and can
provide predefined alert indication, including for example
annunciation, and pre-programmed audio and/or text mes-
saging. For the purpose of this disclosure, a “home envi-
ronment” includes any non-healthcare facility setting.

[0023] The system 20 provides monitoring of the patient
and of a patient support system 28 in the home environment.
For example, the in-home portion 22 may include a patient
support system 28. The patient support system 28 may be,
for example, a hospital-type bed or other arrangement hav-
ing a support surface, and having associated controls as well
as accessories carried by the bed, for example, therapeutic
accessories. In the illustrative example, system 28 includes
a bed sensor system 32, a patient communication interface
34, and one or more patient care devices 30.

[0024] The patient interface 34 may be, for example, a
pendant type device associated with a hospital bed and may
include a nurse call switch 35, an audio speaker 36, and a
microphone 37, for supporting voice communication with a
caregiver. Alternatively, or additionally, interface 34 may be
included as part of a siderail of the hospital bed. The bed
sensor system 32 provides monitoring of parameters, includ-
ing the status, of components and accessories associated
with hospital beds. For example, the bed sensor system 32
may provide data signals relating to bed articulation and
other controls, and accessories for example, bed height,
mattress functions or positioning, head elevation, foot eleva-
tion, siderail position, treatment mattress status, patient
positioning, patient weight, a performance value for a com-
ponent of the patient support system, the position of a
component of the patient support surface, pressure relief
component of the patient support surface, and a percussion
therapy of the patient support surface.

[0025] The patient care devices 30 that are in communi-
cation with the caregiver communication system 20 may
include the equipment associated with the patient support
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system 28, for example wound or other bed accessory
equipment 38 and other healthcare devices for supporting
and/or monitoring patient status. For example, patient care
devices 30 may include, but are not limited to, patient vitals
monitor 39, TV pump 40, sequential compression device 41,
pulmonary percussion device 42, room environmental moni-
tor 43, and oxygen concentrator 44. Bed equipment 38 may
include, for example, a specialty mattress providing pressure
relief, rotational therapy, and/or percussion therapy. Patient
monitor 39 may include, for example, devices to monitor
blood pressure, temperature, respiration rate, blood oxygen
saturation, heart rate, and other patient vitals and parameters.
Room environmental monitor 43 may include devices to
monitor temperature, humidity, light intensity, sound level,
air quality, and the like.

[0026] The bed sensor system 32 and the patient care
devices 30 may be equipped to provide data signals relating
to a parameter, i.e. a status or other condition, of the
above-listed aspects of the patient and patient support equip-
ment, or of other characteristics and equipment utilized for
patient care and monitoring. For example, the signals may
be used to communicate a wide range of parameters relating
to the status or condition, including, for example, on, off,
fault, a range of values, position, temperature, usage
counters, usage timers, a warning or alarm, supply voltages,
motor or other device current or power draw, or fluid levels.

[0027] Components for receiving signals from the bed
sensor system 32 and patient care devices 30 may include a
patient communication portal 46, a device communication
portal 52, and a transmit/receiver controller 56. For this
disclosure, a portal is understood to include a device for
providing a gateway or access to a communication connec-
tion or datalink, and for receiving and transmitting signals
across that connection or datalink. A portal may also include
a device for signal protocol conversation and may include
devices for other signal processing. The patient communi-
cation portal 46 is configured to receive data signals from the
bed sensor system 32 and receive and send communication
signals associated with the patient interface 34. The patient
communication portal 46 may also be configured to transmit
data signals to the bed sensor system 32. For example, portal
46 may include analog or digital I/O ports, for example
serial data ports for communicating with the bed sensor
system 32 and the patient interface 34. The /O ports may
also be wireless, for example, radio frequency or infrared
ports. The datalink 50 coupling the portal 46 with the bed
sensor system 32 and the patient interface 34 may include
wired or wireless data connections.

[0028] The patient communication portal 46, device com-
munication portal 52, and controller 56 may be integrated
with the patient support system 28 or may be separate, stand
alone devices in communication with the patient support
system 28. The patient communication portal 46 may
include a processor 47, memory 48, and associated software
for processing and transmitting and/or receiving data signals
associated with the bed sensor system 32 and the patient
interface 34. For example, the patient communication portal
46 may utilize monitored parameters and alert conditions for
processing the data signals received from the bed sensor
system 32. The monitored parameters may be the status,
condition, or other characteristics associated with the patient
support system 28 and associated devices which have been
selected for remote monitoring. Such parameters may be
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transmitted to the monitoring facility portion 24 in the form
of signals, for example processed or unprocessed analog or
digital signals. The signals associated with the monitored
parameters may therefore be processed by either the in-
home portion 22 or the monitoring facility portion 24 of the
caregiver communication system 20, or by a combination of
both the in-home portion 22 and the monitoring facility
portion 24.

[0029] Alert conditions may include a predefined condi-
tion, for example a threshold, range, combination of thresh-
olds and/or ranges, function, and/or Boolean expression,
associated with the monitored parameters. Upon being vio-
lated, the alert conditions may initiate an action, for
example, a transmission of the alert condition, for example,
an immediate transmission of a signal indicating that a
violation of an alert condition has been determined by the
processor 47.

[0030] The patient communication portal 46 may transmit
the data signals received from the bed sensor system 32, or
may transmit other signals that are a function of the data
signals received from the bed sensor system 32, for example,
a function of the received data signals, including the moni-
tored parameters and alert conditions. Such functions may
include Boolean logic function such as an AND function in
which two or more conditions must be met by data signals
and/or monitored parameters before an alert condition is
considered to exist. Software executed by the processor 47
may also provide transmission through the communication
infrastructure 26 of the signals and receiving and processing
of data signals received from the communication infrastruc-
ture 26, for example, receiving and storing parameters
conditions and alert conditions. For example, patient com-
munication portal 46 may initiate transmission periodically
on a preselected schedule or interval, or upon detection of an
alert condition. The datalink 50 coupling the patient com-
munication portal 46 with the bed sensor system 32 and the
patient interface 34 may also include a transmitter/receiver
controller 56.

[0031] The device communication portal 52 is configured
to receive signals from the various patient care devices 30.
For example, portal 52 may include analog or digital I/O
ports, for example serial data ports for communicating with
the patient care devices 30. The I/O ports, may also be
wireless, for example, radiofrequency or infrared ports.
Therefore, datalinks 58 coupling the device communication
portal 52 with the patient care devices 30 may include wired
or wireless datalinks.

[0032] The device communication portal 52 may also
include a processor 53, memory 54, and associated software
for processing and transmitting the signals received from the
patient care devices. For example, the device communica-
tion portal 52 may utilize monitored parameters and alert
conditions for processing the data signals. The monitored
parameters may be the status, condition, or other character-
istics associated with the patient care devices 30 which have
been selected to be transmitted for remote monitoring. Alert
conditions may be predefined conditions associated with the
signals or monitored parameters that, upon being violated,
initiate a transmission of the alert condition, for example, an
immediate transmission of a signal indicating that an alert
condition has been determined by the processor 53. The data
communication portal 52 may transmit the data signals
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received from the patient care devices 30, or may transmit
other signals that are a function of the data signals received
from the patient care devices 30, including the monitoring
parameters and alert conditions.

[0033] The device communication portal 52 may be
directly coupled with the patient communication portal 46
by datalink 51, or indirectly by datalink 59 and the trans-
mitter/receiver controller 56. Datalinks 51 and 59 may be
wired or wireless datalinks. The transmitter/receiver con-
troller 56 may comprise a single multiplexing communica-
tion controller, or two controllers, one for combining signals
received from the device communication portal 52 and the
patient support system 28 for transmission over datalink 50
to the patient communication portal 46, and a transmitter
controller for separating the data signals received from the
patient communication portal 46 for transmission to either
the patient support system 28 or the device communication
portal 52.

[0034] Any one of or all of the transmitter/receiver con-
troller 56, the patient communication portal 46, and the
device communication portal 52 may be incorporated into
the patient support system 28, for example, as part of the
electronic control package of the bed or related equipment.
The communication portal 46 may be connected to a tele-
phone outlet, internet connection, or another communication
connection, wired or wireless, located in the patient’s home
environment. In some embodiments, the bed accessory
equipment 38 is integrated with the system 28 and commu-
nicates with the portal 46 without first communicating with
the portal 52. In some embodiments, a single communica-
tion portal incorporates the above features of both the patient
commuuication portal 46 and the device communication
portal 52. In yet further embodiments, the device commu-
nication portal 52 does not store or process alert conditions
but transmits the selected parameters of patient care devices
30 in the form of signals for processing by the stored
monitored parameters and alert conditions of the patient
communication portal 46.

[0035] The healthcare facility portion 24 of the caregiver
communication system 20, shown in FIG. 1B, includes a
monitor communication portal 62 configured to provide
communication through the communication infrastructure
26 with the patient communication portal 46, and with a
monitoring system, for example, an existing nurse call
system that is part of a hospital network infrastructure. The
nurse call system may include, for example, a caregiver
interface 66 and a nurse call monitor system 64 that are
coupled to the monitor communication portal 62 by a
datalink 65 or, by datalinks 67 and 69 and a hospital network
infrastructure 68. The nurse call system may also include
connectivity with other communication devices, either
directly with nurse call monitor system 64 or through the
hospital network 68. Other communication devices may
include other communication portals and datalinks, wired or
wireless, for example a digital phone network 70, wired
communication module 72, wireless communication module
74, private branch exchange 78, and public switched tele-
phone network 96.

[0036] The digital phone network 70 may provide con-
nectivity with audio station 76, for example, caregiver
communication stations located at convenient locations
throughout a facility, for example, in patient rooms, store
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rooms, break rooms, and other places caregivers may be
located. The wired communication module 72 may provide
connectivity through the private branch exchange 78 with
facility telephones 79, outside telephones 97, or other wired
communication devices known in the art.

[0037] The wireless communication module 74 may be
used to provide connectivity with wireless communication
devices know in the art. A handset transmitter and receiver
unit 80 provides wireless connectivity with communication
handsets 81, for example, Spectral.ink wireless telephones
available from SpectralLink Corporation of Boulder, Colo.
and/or Ascom handsets available from Ascom Ltd. of Beme,
Switzerland. A pager transmitter and receiver unit 82 pro-
vides wireless connectivity with pagers 83. A badge trans-
mitter and receiver unit 84 provides wireless connectivity
with wireless badges 85, for example, Vocera™ wearable
communication devices, available from Vocera Communi-
cations, Inc. of Cupertino, Calif. The modules 72, 74 may
comptrise one or more computer devices such as one or more
network servers.

[0038] The nurse call monitor system 64 may include a
processor 88 and memory 89 for storing data and executing
software for processing data signals. The processor 88 and
memory 89 may be included in one or more nurse call
servers of the system 64. The monitor system 64 receives
data signals that are periodically transmitted from the patient
communication portal 46, and monitor system 64 may also
request transmission of data signals from patient communi-
cation portal 46 on a periodic basis or upon data signals
having not been received for a predefined period of time.
Selection of monitored parameters and alert conditions for
caregiver communication system 20 are received and stored
by monitor system 64, for example, received from the
caregiver interface 66 and stored by the memory 89.

[0039] Caregiver interface 66 may include a personal
computer, or other terminal including a display and key-
board 90, a patient call selection 91, an audio speaker 92,
and a microphone 93. The patient call selection 91 may be,
for example, a keyboard or on screen computer mouse or
other pointing device selectable feature that is operable to
initiate or acknowledge voice communication with the
patient. The caregiver interface 66 may be used by a
caregiver to define monitored parameters and alert condi-
tions and may be associated with the devices of patient
support system 32 and patient care devices 30, to store the
selected parameters and conditions in the monitor system
64. The caregiver interface 66 may be also used to transmit
the monitored parameters and conditions to the patient
communication portal 46 and the device communication
portal 52, to monitor both monitored parameters and alert
conditions, and to initiate or respond to a request for voice
communications with a patient through the patient interface
34. The caregiver interface 66 may also be used by a
caregiver to specify the interval of time or other conditions
for which the patient communication portal 46 will initiate
communication with the monitoring device 64 and transmit
signals relating to the monitored parameters and alert con-
ditions.

[0040] The monitor system 64 may also provide for selec-
tion and storage of predefined protocols, for example a
patient standard of care, to which monitored parameters and
alert conditions may relate, and response protocols in the
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event of an alert condition being violated. For example, a
response protocol may include contacting particular caregiv-
ers, family members of patients, or others based on a
particular alert condition, as well as transmitting a prere-
corded text or audio message, or escalating the alert to a
second caregiver in the event that the alert is not acknowl-
edged by a first. The contact message may be automatically
initiated and delivered via the caregiver interface 66 as well
as the other above-described communication devices, 79,
81, 83, 85, and 97 and other communication devices know
in the art. Additionally, the communication devices may be
used to select and define the above-described parameters and
alert conditions, rather than using the caregiver interface 66.

[0041] The healthcare facility portion 24 of the caregiver
communication system 20 may be located at hospital, an
independent monitor-for-fee based service location, or any
other location that is remote from, but provides communi-
cation connectivity with the caregiver.

[0042] A caregiver can specify alert conditions based on
the patient standard of care. For example, the caregiver can
establish a particular range of bed configurations and define
conditions for other parameters associated with the patient
support system 28 and the patient care devices 30, for
example, that are required by the patient’s standard of care.
For example, the head elevation of a hospital bed for certain
patients recovering from pulmonary distress may be limited
to a certain elevation for most of the day. The system 20 can
provide monitoring of parameters such as the hospital bed
head elevation, and provide an indication of an alert condi-
tion when the bed is outside of the specified range, or upon
the bed having been outside of the specified range for a
predetermined amount of time. Thus, a caregiver at a geo-
graphically distant location can select parameters to monitor
and alter conditions. The parameters and alter conditions are
subsequently transmitted to and stored in memory 48 of
portal 46 which is located at a patient’s home environment.
The processor 47 then operates to determine when the
programmed alert conditions are violated and to initiate the
transmission of an alert signal to the system 64 through the
infrastructure 26. Monitor system 64 then responds with an
alert indication or other specified alert response protocol.

[0043] Similarly, a patient at risk of or recovering from
pressure ulcer development may be required to maintain a
certain minimum amount of movement in the bed. The
system 20 can notify the caregiver upon the patient having
not significantly or sufficiently moved during a predeter-
mined period of time.

[0044] The system 20 can also be used to monitor the
effectiveness of in-home therapies. For example, the system
20 can be used in conjunction with therapy devices such as
a percussion treatment vest and a pulse oximetry device.
Using caregiver interface 66, the caregiver can select moni-
tored parameters and alert conditions for these devices that
would trigger an indication that the therapy is ineffective.

[0045] The patient interface 34 and specifically the car-
egiver call switch 35 may be used to initiate voice commu-
nications with a caregiver in the event the in-home patient
becomes distressed or otherwise requires the assistance of
the caregiver. Activating the caregiver call switch 35 func-
tions much in the same way in-hospital nurse call devices
operate. For example, a display and audio request may be
annunciated at the caregiver interface 66 and/or using other
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caregiver communication devices 76, 79, 81, 83, 85, and 97
until the caregiver responds to and makes contact with the
in-home patient.

[0046] The above-mentioned and other datalinks shown in
FIGS. 1A and 1B, including the communication infrastruc-
ture 26, may be any wired or wireless communication
connections known in the art, including for example, Eth-
ernet, T1, ELA/TIA-464A compliant E & M or other analog
tie lines, TCP/IP, WIMAX IEEE 802.16, WIFI IEEE 802.11,
or other wireless or wired connections. Wireless communi-
cation connections may be radiofrequency or non-radiofte-
quency connections, including dedicated channels or net-
work infrastructures.

[0047] Referring now to FIG. 2, a flow chart is shown of
one illustrated embodiment of a software algorithm or
routine for patient monitoring in the in-home portion 22 of
the caregiver communication system 20. For example, the
patient monitoring routine 100 may be executed by one or
more of the patient communication portal 46, the device
communication portal 52, the transmitter/receiver controller
56, and the patient support system 28 and associated elec-
tronic packages. In the illustrative embodiment, the patient
monitoring routine 100 is executed by the processor 47
associated with the patient communication portal 46. The
routine 100 begins at step 102. At step 102 the portal 46
receives the selection of monitored parameters from the
monitored system 64. The monitored parameters can be
stored in memory 48 and used to determine which data
signals to transmit and the frequency at which to initiate
communications and send the data signals to the monitor
system 64. Alternatively, a communications channel may be
opened for continuous or near-continuous transmission of
signals relating to the monitored parameters.

[0048] At step 104, the portal 46 receives the predefined
alert conditions from the monitor system 64 and, if required,
transmits the alert conditions to other in-home devices, for
example, to the bed sensor system 32 and the device
communication portal 52. The alert conditions relate to
predefined limits associated with at least one of the moni-
tored parameters. For example, the alert conditions may be
used to trigger a special transmission and indication to the
caregiver that monitored parameters have violated a speci-
fied condition.

[0049] At step 106, the portal 46 resets a timer used to
provide periodic transmission of data to the monitor system
64. At step 108, the portal 46 increments the timer. At step
110, the portal 46 receives one or more data signals from the
bed sensor system 32, the patient interface 34, and the device
communication portal 52. If, at step 112, the portal 46
determines that one or more of the received data signals
violate an alert condition, execution of the routine advances
to step 118 where the portal 46 transmits data relating to the
alert condition to the monitor system 64. After step 118 is
executed, execution of the routine 100 returns to step 106.

[0050] If the portal 46 determines at step 112 that an alert
condition has not been violated, then the routine 100
advances to step 114. If at step 114, the portal 46 determines
that the periodic transmission timer exceeds a preset limit,
then execution of the routine advances to step 118 in which
selected signals are transmitted to the monitor system 64. If,
at step 114, the portal 46 determines that the timer is not
exceeded, execution of the routine 100 advances to step 116.
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[0051] TIf, at step 116, the portal 46 determines that the data
signal indicates that the caregiver call switch 35 has been
actuated by the patient, execution of the routine 100
advances to step 118 where the portal 46 transmits the call
request. Otherwise, execution of the routine 100 advances to
step 120. If; at step 120, the portal 46 determines that data
has been received from the monitor system 64 indicating
that the caregiver has actuated the patient call selection 91,
execution of the routine 100 advances to step 122. As step
122, the portal 46 activates data signals to establish a voice
communications link between the patient interface 34 and
the caregiver interface 66 or another caregiver communica-
tion device 76, 79, 81, 83, 85, and 97. After execution of step
122 or if in step 120 it is determined that the patient call
selection 91 has not been activated, execution of the routine
100 returns to step 108.

[0052] Referring now to FIG. 3, a flow chart is shown of
one illustrative embodiment of a software algorithm or
routine 200 for providing remote monitoring of the patient
and the patient support system 28 and the patient care
devices 30. The remote monitoring routine 200 may be
executed by the processor 88 of the nurse call monitor
system 64 and/or other components in the healthcare facility
portion 24 of the caregiver communication system 20.

[0053] At step 202, the monitor system 64 receives and
stores in the memory 89 the monitoring conditions selected
by the caregiver, for example, using the display 90 and a
keyboard of the caregiver interface 66. In step 204, the
monitor system 64 receives and stores in the memory 89 the
alert conditions selected by the caregiver. At step 206, the
monitor system 64 transmits the monitored parameters and
alert conditions and any associated signals to the patient
commuuication portal 46. Specifically, the monitor commu-
nication portal 62 receives the conditions from the monitor
system 64 and transmits them over the communication
infrastructure 26 to the patient communication portal 46.

[0054] At step 208, the monitor system 64 resets the
interval timer to zero. The interval time is used to ensure that
the monitor system 64 periodically receives new signals
from the patient communication portal 46. At step 210, the
monitor system 64 increments the interval timer. If, at step
212, the monitor system 64 determines that the interval timer
has exceeded a preset interval, execution of the routine 200
continues at step 214, otherwise execution of the routine 200
continues at step 216. At step 214, the monitor system 64
transmits a request for the patient communication portal 46
to send data. After step 214 is completed, the execution of
the routine 200 returns to step 208.

[0055] If, at step 216 the monitor system 64 determines
that new data has been received from the patient commu-
nication portal 46, execution of the routine 200 continues at
step 218. Otherwise, execution of the routine 200 returns to
step 210. If, at step 218, the monitor system 64 determines
that received data signals indicate an alert condition has
been violated, execution of the routine 200 continues at step
222. Otherwise, execution of the routine continues at step
220. At step 222, the monitor system 64 provides notifica-
tion and or indication of an alert condition. For example, a
text, prerecorded, or other data signal may be transmitted to
the caregiver interface 66 and other caregiver communica-
tion devices, for example the handset 81, pager 83, badge 85,
telephone 79, outside telephone 97, and audio station 76.
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Additionally at step 222, the monitor system 64 may receive
acknowledgement of the notification from the caregiver
interface 66 or other caregiver communication devices. If
acknowledgement is not received, for example within a
preset time duration, then at step 222, the monitor system 64
may also escalate the alert to a second caregiver or other
recipient.

[0056] If, at step 220, the monitor system 64 determines
that a data signal has been received indicating that the
caregiver call switch 34 has been actuated, execution of the
routine continues at step 222 to notify the caregiver of the
call request. Otherwise, execution of the routine 200 con-
tinues at step 224. Additionally at step 222, the monitor
system 64 may include acknowledgement handling proce-
dures for a call request as discussed above for other notifi-
cations.

[0057] 1If, at step 224, the monitor system 64 determines
that received data indicates the caregiver has acknowledged
a patient call request, execution of the routine continues at
step 228. Otherwise, execution of the routine 200 returns to
step 208. At step 228, the monitor system 64 provides the
data connectivity required for activating a voice communi-
cations link between the patient interface 34 and the car-
egiver interface 66 or one of the other caregiver communi-
cation devices, for example, the handset 81, pager 83, badge
85, telephone 79, outside telephone 97, and audio station 76.
After execution of step 228, execution of the routine 200
returns to step 208.

[0058] While the invention has been illustrated and
described in detail in the foregoing drawings and descrip-
tion, the same is to be considered as illustrative and not
restrictive in character, it being understood that only illus-
trative embodiments thereof have been shown and described
and that all changes and modifications that come within the
sprit of the invention as defined in the following claims are
desired to be protected.

1. A patient monitoring system comprising:
a patient support system for a home environment;

a sensor system configured to generate a first signal
relating to at least one parameter of the patient support
system;

a first communication portal coupled to the sensor system
by a first datalink, the first communication portal con-
figured to receive the first signal from the sensor
system;

a second communication portal positioned geographically
distant from the first communication portal, the second
communication portal coupled to the first communica-
tion portal by a second datalink and configured to
receive the first signal from the first communication
portal; and

a monitoring device in communication with the second
communication portal by a third datalink, the monitor-
ing device configured to receive and process the first
signal from the second communication portal.

2. The patient monitoring system of claim 1, further
comprising a third communication portal and a caregiver
communication device, the third communication portal cou-
pling the monitoring device and the caregiver communica-
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tion device, the caregiver communication device configured
to receive communications relating to the first signal.

3. The patient monitoring system of claim 1, further
comprising a caregiver interface coupled to the monitoring
device and configured to provide indications relating to the
first signal.

4. The patient monitoring system of claim 3, further
comprising a patient interface coupled to the first commu-
nication portal, and wherein the patient interface and the
caregiver interface are configured to provide voice commu-
nication between a patient and caregiver.

5. The patient monitoring system of claim 1, wherein the
patient support system includes at least one of a patient
support surface and a patient care device.

6. The patient monitoring system of claim 5, further
comprising a fourth communication portal coupling the first
communication portal and the patient care device and con-
figured to receive a second signal from the patient care
device and to transmit the second signal to the first com-
munication device, the second signal relating to at least one
parameter of the patient care device.

7. The patient monitoring system of claim 6, wherein:

the first datalink includes at least one communication
controller;

the at least one communication controller is coupled
between the first communication portal and the fourth
communication portal;

the at least one communication controller combines the
first signal received from the sensor system and the
second signal received from the fourth communication
portal for transmission through the first communication
portal and the second communication portal to the
monitoring device; and

the at least one communication controller separates a
plurality of signals received from the first communica-
tion portal for transmission to at least one of the sensor
system and the fourth communication portal.

8. The patient monitoring system of claim 6, wherein the
first communication portal is configured to periodically
transmit the first and second signals to the monitoring
device.

9. The patient monitoring system of claim 1, wherein:

the first communication portal is configured to transmit a
third signal to the monitoring device upon a parameter
violating a predefined condition, the parameter being
associated with a status of at least one of the sensor
system and the patient care device; and

the predefined condition may be transmitted from the
monitoring device to the first communication portal.
10. A patient monitoring system for a patient support
system, comprising;

a patient support system sensor configured to generate
signals relating to a status of the patient support system;

a first communication portal coupled to the patient sup-
port system sensor and configured to receive and trans-
mit the signals;

a second communication portal located geographically
distant from the first communication portal and con-
figured to be coupled to the first communication portal
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by a datalink, to receive the signals from the first
communication portal, and to transmit the signals; and

a monitoring device in communication with the second
communication portal and configured to receive the
signals from the second communication portal and to
provide an alert to a caregiver upon the signals violat-
ing one of a plurality of predefined conditions.

11. The patient monitoring system of claim 10, wherein
the patient support system sensor is associated with and
monitors a parameter relating to a status of at least one of a
patient support surface, a patient care device, a patient
monitoring device, an IV pump, a sequential compression
device, a pulmonary percussion therapy device, an environ-
mental monitoring device, an oxygen concentrator, patient
blood pressure, patient temperature, patient respiration rate,
patient blood oxygen saturation, patient heart rate, patient
position, patient weight, a performance value for a compo-
nent of the patient support surface, the position of a com-
ponent of the patient support surface, a pressure relief
component of the patient support surface, and a percussion
therapy component of the patient support surface.

12. The patient monitoring system of claim 10, further
comprising a caregiver interface coupled to the monitoring
device, the caregiver interface configured to allow a car-
egiver to set the plurality of predefined conditions, and
wherein the monitor system is configured to store the
plurality of predefined conditions and to provide the alert
based on comparing the signals to the plurality of predefined
conditions.

13. The patient monitoring system of claim 10, wherein
the first communication portal is configured to receive and
store the plurality of predefined conditions and further
configured to initiate a communication connection through
the datalink and the second communication portal to provide
an alert signal to the monitoring device upon signals vio-
lating at least one of the plurality of predefined conditions.

14. The patient monitoring system of claim 10, wherein at
least one of the plurality of predefined conditions relates to
a patient Standard of Care.

15. A patient monitoring system for an in-home patient
support system, comprising:

a sensor system configured to generate signals relating to
at least one parameter of the patient support system;

a first communication portal coupled to the sensor system
by a first datalink;

a second communication portal located geographically
distant from the first communication portal and coupled
to the first communication portal by a second datalink;
and
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a monitoring device in communication with the second
communication portal by a third datalink, the monitor-
ing device configured to store conditions relating to the
signals;

wherein the first communication portal, the second com-
munication portal, and the monitoring device are con-
figured to transmit and receive data relating to the
signals and the conditions.
16. The patient monitoring system of claim 15, wherein
the monitoring device includes a processor and software
enabling the monitoring device to:

provide selection of a condition relating to the at least one
parameter of the patient support system;

receive the data relating to the signals and the condition;
compare the condition to the received data; and

provide a caregiver alert upon the received data satisfying
the condition.
17. The patient monitoring system of claim 15, wherein
the first communication portal includes a processor and
software enabling the first communication portal to:

receive a condition relating to the at least one parameter
of the patient support system;

receive signals relating to the at least one parameter of the
patient support system; and

selectively transmit data to the monitoring device based

on a function of the condition and the signals.

18. The patient monitoring system of claim 17, wherein
the data is transmitted at least periodically.

19. The patient monitoring system of claim 15, wherein
the first communication portal includes a second communi-
cation portal, the first communication portal is associated
with a patient support surface and the second communica-
tion portal is associated with a patient care device.

20. The patient monitoring system of claim 15, further
comprising:

a patient interface coupled to the first communication

portal; and

a caregiver interface coupled to the second communica-

tion portal;

wherein the patient interface and caregiver interface are
configured to provide voice communication between a
patient and a caregiver.



patsnap

TREMOF) ATREFNENEFEBERS
[F(2E)F US20070004971A1 [ (r&)B 2007-01-04
RiES US11/419803 B H 2006-05-23

FRIBB(EFRD)AGR) R - FHRESBROERLE
i (E R AGR) HILL-ROM SERVICES , INC.
LETEHIE(ERR)A(E) HILL-ROM SERVICES , INC.

[FRIRBAA RILEY CARL W
HUSTER KEITH A
COLLINS WILLIAMS F JR
GLIDEWELL PATRICIA A
ALLEN JAMES M

REBAA RILEY, CARL W.
HUSTER, KEITH A.
COLLINS, WILLIAMS F. JR.
GLIDEWELL, PATRICIA A.
ALLEN, JAMES M.

IPCH =S A61B5/00

CPCH %S A61B5/0022 A61B5/7465 G16H40/67

£ 60/685639 2005-05-27 US

SNEBEEHE Espacenet  USPTO

RWEGE) ’°\ USROS ) ‘/” N

ATREARNFBARBERGRHTIEERNARBNEENSE
HHREVBN. NTRERERRTHELEE S TUEAAEY
S EAHRIER S T 10 LER M i BN IREEEE | fim
ERFAARERRENSENRENFBARNERT. KREE
FANSRANY TBERGN/RERNEEMREER , LTEER
SERMBE XY, TN, EERFH, HESHPEARBER
& HRekE. i

R
tttTiiind -5‘

NN
RO
E)

0 I n

] 7 aY . 3 i ® Iu /
N N I < J4 £ /

PO " ooRESO | [ iaouR | [ERviweL 0
NONTORS 0B NG WORTR | | coumTuanr

|
| 7]
FQUIPHENT



https://share-analytics.zhihuiya.com/view/bab2a528-7622-4a75-ba57-69cb2b55b50f
https://worldwide.espacenet.com/patent/search/family/037590566/publication/US2007004971A1?q=US2007004971A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070004971%22.PGNR.&OS=DN/20070004971&RS=DN/20070004971

