w 2213/123342 A1 [N PO O 0O

(43) International Publication Date

=

Organization
International Bureau

11 July 2013 (11.07.2013)

WIPO | PCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(29) World Intellectual Property

(10) International Publication Number

WO 2013/103342 Al

(51)

21

(22)

(25
(26)
(71)

(72)
(79)

(74)

International Patent Classification:
GO6F 3/02 (2006.0 1) GO9F 3/02 (2006.0 1)
GO9F 3/00 (2006.01) A61B 5/00 (2006.01)

International Application Number:
PCT/US2012/020233

International Filing Date:
4 January 2012 (04.01.2012)

English
English

Applicant (for all designated Sates except US: DRAE-
GER MEDICAL SYSTEMS, INC. [US/US]; 6 Tech
Drive, Andover, MA 01810 (US).

Filing Language:

Publication Language:

Inventors; and

Inventor s/Applicants (for US only): KOKOVIDIS, Geor-
gios [US/US]; 2 Bemis Avenue, Waltham, MA 02453
(US). PRYDEKKER, Randolph [NL/US]; 77 Atwood
Road, Wilmot, NH 03287 (US). DOWD, William
[US/US]; 30 Stuart Avenue, Dracut, MA 01826 (US).

Agents: KUKKONEN, Carl, A. et a; Mintz Levin Cohn
Ferris Glovsky & Popeo, P.C., One Financial Center, Bo-
ston, MA 021 11 (US).

(81) Designated States (unless otherwise indicated, for every

kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
Dz, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind d regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, Sz, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: PATIENT IDENTIFICATION AND MONITORING SYSTEM

Patient
(15)

_ | PatientID Code
(20)

Data Acquisition
Device

Patient-Assigned a

monitor
(25)

Monitor

Ambulatory
Patient
Device

35)
1 |
<| Reader (45) I : | Central

(10 i

i Patient

7

1 Monitor
(9)

Hospital

D Code (30)

Information
System
(8

FIG. 1

(57) Abstract: In one aspect, disclosed isa system including afirst data acquisition device configured to be coupled to the patient to
acquire clinical data and a patient-assigned monitor coupled to the first data acquisition device that includes a first wireless commu -
nication module and a monitor identification code. The system also includes an ambulatory patient device having an identification
code reader configured to capture the monitor identification code, a second data acquisition device configured to acquire clinica
data from the patient and a second wireless communication module. Capture of the monitor identification code by the identification
code reader automatically initiates wireless pairing between the patient-assigned monitor and the ambulatory patient device. Related
apparatus, systems, methods and/or articles are described.
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Patient |dentification and Monitoring

System

TECHNICAL FIELD
[0001] The subject matter described herein relates generaly to the field of
medical devices, and more particularly to devices, systems, articles, and methods in the

pairing of various data acquiring devices with each other and with a particular patient.

BACKGROUND

[0002] Clinicians frequently need to monitor various physiological parameters
to assess and monitor the health of a patient, such as heart rate, blood oxygen saturation,
blood pressure, respiration rate, body temperature, electrocardiogram (ECG), and any
other clinical datathat may be required depending on the patient's condition and the care
being provided. The various physiological parameters can be collected by avariety of
sensors and devices that then transmit the datato a patient monitor. The type of patient
monitor used depends on the severity and urgency (termed acuity) of the medical
condition of the patient. Occasionally a patient may be connected to more than one
monitor at the same time. For example, apatient may be connected to a limited
parameter monitor while the clinician needs to periodically observe a few physiological
parameters. In other cases, the patient acuity level may suddenly change, forcing the
immediate connection of the patient to a higher complexity monitor monitoring many

physiological parameters.
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[0003] Often the physiological dataistransmitted to the patient monitor in a
wireless manner. However, the patient may be in the vicinity of another patient similarly
monitored by one or more devices that also transmit acquired patient datain awireless
manner to that patient's monitoring station. Further, some physiological parameters are
measured on aperiodic basis, such as anurse traveling from patient to patient to obtain
non-invasive blood pressure (NIBP) measurements. Each of these scenarios presents the
risk that the patient data may "bind" to the wrong patient monitor. A problem also exists
in associating the data acquired from a patient using one device with the patient's data

record stored on another device.

SUMMARY

[0004] Described herein are systems and devices that pair a patient and the
patient's clinical data collected at the point of care by abedside patient monitor with
another device not already associated with that patient.

[0005] In one aspect, disclosed is a system including afirst data acquisition
device configured to be coupled to the patient to acquire clinical data. The system also
includes a patient-assigned monitor coupled to the first data acquisition device that
includes afirst wireless communication module and amonitor identification code. The
system also includes an ambulatory patient device having an identification code reader
configured to capture the monitor identification code, a second data acquisition device
configured to acquire clinical datafrom the patient and a second wireless communication
module. Capture of the monitor identification code by the identification code reader
automatically initiates wireless pairing between the patient-assigned monitor and the

2
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ambulatory patient device.

[0006] The clinical data acquired from the second data acquisition device can
be tagged with patient-specific information by the patient-assigned monitor. The patient-
specific information can include one or more of a patient hospital identification number,
patient name, patient date of birth, patient bed number, and patient room. The clinica
data acquired from the second data acquisition device can be wireiessly transmitted from
the ambulatory patient device to the patient-assigned monitor. The wireiessly transmitted
clinical data can be merged with amedical record for the patient stored in the patient-
assigned monitor. The clinical data acquired from the second data acquisition device can
be wireiessly transmitted from the ambulatory patient device to a central patient monitor.
The wireiessly transmitted clinical data can be merged with amedical record for the
patient stored in the central patient monitor.

[0007] The system can further include apatient identification code configured
to be coupled to apatient. At least one of the patient identification code and the monitor
identification code can be aquick response (QR) code. At least one of the patient
identification code and the monitor identification code can include encoded patient-
specific information. The patient-assigned monitor can further include an identification
code reader configured to capture the patient identification code. The monitor
identification code can be positioned on an exterior portion of the patient-assigned
monitor. The patient-assigned monitor can further include a graphical user interface and
the monitor identification code can be displayed on the graphical user interface. The
identification code reader can include a CMOS image sensor or CCD image sensor. The

first data acquisition device can include at least one of a heart rate monitor, apulse
3
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oximetry sensor, a sphygmomanometer, athermometer, and electrocardiology equipment.
The second data acquisition device can include at least one of aheart rate monitor, a
pulse oximetry sensor, a sphygmomanometer, athermometer, and el ectrocardiology
equipment. The second data acquisition device can be different from the first data
acquisition device. Each of the wireless communication modules can be a Bluetooth
communication device.

[0008] In another interrelated aspect, disclosed is amethod including
acquiring clinical data using afirst data acquisition device coupled to apatient and
communicating the clinical datato a patient-assigned monitor. The patient-assigned
monitor includes amonitor identification code and awireless communication module.
The method further includes reading the monitor identification code with an
identification code reader of an ambulatory patient device. The ambulatory patient
device includes awireless communication module and a second data acquisition device.
The method aso includes automatically initiating wireless pairing between the wireless
communication module of the patient-assigned monitor with the wireless communication
module of the ambulatory patient device. The method aso includes acquiring clinical
data from the patient using the second data acquisition device of the ambulatory patient
device. The method also includes wirelessly transmitting the clinical data acquired from
the patient using the second data acquisition device.

[0009] The method can include tagging the acquired clinical data with patient- -
specific information with the patient-assigned monitor. The patient-specific information
can include one or more of a patient hospital identification number, patient name, patient

date of birth, patient bed number, and patient room. Wirelessly transmitting can include
4
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wirelessly transmitting the clinical data acquired from the patient using the second data
acquisition device from the ambulatory patient device to the patient-assigned monitor.
The wirelessly transmitted clinical data can be merged with amedica record for the
patient stored in the patient-assigned monitor. Wirelessly transmitting can include
wirelessly transmitting the clinical data acquired from the patient using the second data
acquisition device from the ambulatory patient device to a central patient monitor.
Wirelessly transmitted clinical data can be merged with amedical record for the patient
stored in the central patient monitor.

[0010] Reading the monitor identification code with an identification code
reader of an ambulatory patient device can include capturing aquick response (QR) code
on the patient-assigned monitor using an image sensor in the ambulatory patient device.
The image sensor can include a CMOS or CCD image sensor. The monitor identification
code can include encoded monitor-specific information. The monitor identification code
can be positioned on an exterior portion of the patient-assigned monitor. The patient-
assigned monitor can further include a graphical user interface and the monitor
identification code can be displayed on the graphical user interface. Acquiring clinical
data using the first data acquisition device can include acquiring clinical data using at
least one of a heart rate monitor, apulse oximetry sensor, a sphygmomanometer, a
thermometer, and electrocardiology equipment. Acquiring clinical data using the second
data acquisition device can include using at least one of a heart rate monitor, a pulse
oximetry sensor, a sphygmomanometer, athermometer, and electrocardiology equipment.
The second data acquisition device can be different from the first data acquisition device.

Each of the wireless communication modules can include a Bluetooth communication
5
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device. The method can further include reading a patient identification code on the
patient using the identification code reader of the ambulatory patient device.

[0011] Articles of manufacture are al'so described that comprise computer
executable instructions permanently stored on non-transitory computer readable media,
which, when executed by a computer, causes the computer to perform operations herein.
Similarly, computer systems are also described that may include aprocessor and a
memory coupled to the processor. The memory may temporarily or permanently store
(e.g., non-transitorily store, etc.) one or more programs that cause the processor to
perform one or more of the operations described herein. In addition, methods described
herein can be implemented by one or more data processors either within a single
computing system or distributed among two or more computing systems.

[0012] The details of one or more variations of the subject matter described
herein are set forth in the accompanying drawings and the description below. Other
features and advantages of the subject matter described herein will be apparent from the

description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
[0013] FIG. lisaschematic illustration of one implementation of a patient
monitoring system;
[0014] FIG. 2 isaschematic illustration of one implementation of apatient-
assigned monitor;
[0015] FIG. 3 isaschematic illustration of one implementation of an

ambulatory patient device;
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[0016] FIG. 4 isaschematic illustration of one implementation of a use of the
patient monitoring system;

[0017] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0018] The patient monitoring system described herein can be used to
associate patient identification data with patient physiological data transmitted to one or
more bedside patient monitors. The patient monitoring system can provide for the
pairing of apatient-assigned monitor with an additional device to which the patient is
unknown such that data acquired by the additional device can be tagged with patient-
specific information and transmitted to the appropriate and intended location, such as the
patient's medical record stored on the patient-assigned monitor or the patient's medical
record stored on a central patient monitor. The patient monitoring system can also
provide for automatic patient admission to a standard hospital network and/or a central
patient monitor such asthe Infinity® Central Station (Drager Medical GmbH). The
patient monitoring systems described herein can allow for the pairing of data acquisition
devices and their disparate data streams by tagging the data with patient-specific
information creating an identifiable data stream that can be transmitted to an intended
location. The patient monitoring systems described herein guarantee that the data flow is
originating from asingle, known and intended patient and being transmitted to a known
and intended location.

[0019] It should be appreciated that the patient monitoring systems described
herein can be used wherever apatient is being treated or monitored, including a patient's

7
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home, in ahospital ward or another heath care facility.

[0020] PATIENTMONITORING SYSTEM

[0021] FIG. lisaschematic illustration of one implementation of a patient
monitoring system 5. The patient monitoring system 5 can include one or more data
acquisition devices 10 connected to or associated with apatient 15. The one or more data
acquisition devices 10 can be configured to acquire clinical data from the patient 15 and
communicate the acquired clinical datato at least one patient-assigned monitor 25. The
patient 15 can have a patient identification code 20 and the patient-assigned monitor 25
can have amonitor identification code 30. The identification codes 20, 30 can be QR or
"quick response” codes to be described in more detail below. The patient monitoring
system 5 can also include at least an ambulatory patient device 35. The ambulatory
patient device 35 can be configured to acquire clinical data from a patient 15, for example
aphysiological parameter that may not aready be collected and monitored by the data
acquisition device 10 and patient-assigned monitor 25, aswill be described in more detail
below.

[0022] The ambulatory patient device 35 can include an identification code
reader 45 configured to capture, scan or otherwise read the identification codes 20, 30. In
some implementations, the identification code reader 45 can be an image capture sensor
module including for example a CMOS or CCD sensor embedded within the ambulatory
patient device 35, aswill be described in more detail below. The ambulatory patient
device 35 and the patient-assigned monitor 25 can each have wireless capabilities. As
will be described in detail below, the identification code reader 45 of the ambulatory

patient device 35 can be used to read the identification code 30 of the patient-assigned
8
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monitor 25 (as well asthe identification code 20 of the patient 15) to automatically
initiate wireless pairing between the two and tag the data stream from the ambulatory
patient device 35 with patient-specific information prior to transmission of the clinical
data from the ambulatory patient device 35. The pairing eliminates the problem of
uncertainty regarding from which device or which patient in the vicinity the datais being
acquired.

[0023] It should be appreciated that one or more components of the patient
monitoring system 5 can be in communication via anetwork of ahospital or other
healthcare-providing entity with ahospital information system (HIS) 8. The
communication with the network can be wired or wireless, such asvia WLAN. One or
more components of the patient monitoring system 5 can also be in communication with
acentral patient monitor 9 as mentioned above.

[0024] DATAACQUISITON DEVICE

[0025] The one or more data acquisition devices 10 can be any of avariety of
devices configured to acquire clinical data from apatient 15 including, but not limited to,
at least one of a heart rate sensor, pulse oximetry sensor for measuring blood oxygen
saturation, a manual or automatic sphygmomanometer for measuring blood pressure,
continuous invasive blood pressure (CIBP) sensor, noninvasive blood pressure (NIBP)
cuff, respiration sensor for measuring respiration rate, thermometer for measuring body
temperature, 3-, 5-, 6-, and 12-lead electrocardiogram (ECG), ST segment analysis, full
arrhythmia, or other electrocardiology equipment, etCO ,, BISx™, EEG, and any other
data acquisition device capable of obtaining clinical data from the patient 15 that may be

used depending on the patient's condition and the care being provided.
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[0026] PATIENT-ASSIGNED MONITOR

[0027] The clinical data obtained from the patient 15 can be transmitted from
the one or more data acquisition devices 10 to the patient-assigned monitor 25. As shown
in FIG. 2, the patient-assigned monitor 25 can be a high acuity device such asa
physiological patient monitor that is a multi-parameter monitor having at least one
display 50 including a graphical user interface (GUI) 55 that displays the clinical data and
associated patient identifier information acquired from the patient 15. It should be
appreciated, however, that the patient-assigned monitor 25 also can be a low acuity
device. The patient-assigned monitor 25 can include a stationary, portable or telemetry-
enabled patient monitor, including the Infinity® series of patient monitors including
Delta, Deltall, Delta XL, M300 telemetry patient worn monitor, or M540 portable
patient monitor (Drager Medica GmbH).

[0028] The display 50 can provide information to the user such as patient-
specific information including patient identification data (e.g. patient hospital
identification number, patient name, patient date of birth, patient bed number, and patient
room, etc) aswell asclinical data being acquired from the patient by the one or more of
the data acquisition devices 10 as well as other patient-specific information. The display
50 can vary including LCD, LED, plasma, OLED, and the like. The display 50 can be
interactive or touch-sensitive screen having an input device such as atouch screen, a
capacitance screen, aresistive screen or the like. The user interface system 55 can
include one or more inputs 60 such as fixed buttons associated with fixed functions or
changeable functions such as soft keys associated with the display 50. The soft keys can

provide functions wherein the function is displayed and the display 50 can change
10
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providing different functions in different situations. The fixed input keys can also have a
function that changes depending upon the display provided. The user interface system 55
can also include one or more indicators and/or alarms 65 that may be visual, auditory
through a speaker, tactile, and the like.

[0029] The patient-assigned monitor 25 can include a control system 70 that
can include at least one processor 75, at least one memory 80 coupled to the at least one
processor 75 and including at least one program stored thereon. The memory 80 can be
any type of memory capable of storing data and communicating that datato one or more
other components of the monitor 25, such as the processor 75.

[0030] The patient-assigned monitor 25 can include apower system 85. The
power system 85 can include a connection to an AC wall power through a power cord.
The power system 85 can also include internal battery such as a non-rechargeable or a
rechargeable battery. Some embodiments may use arechargeable battery such asa
NiCad battery, LiPo battery, NiMH battery or the like.

[0031] The patient-assigned monitor 25 can be configured to communicate
with other devices, including the ambulatory patient device 35 or the hospital information
system 8, or a central patient monitor 9 through a communication module 90. The
communication module 90 can include wired and/or wireless communication capability
for the remote sending and receiving of data. The clinical data and patient-specific
information may be transmitted from the patient-assigned monitor 25 along awireless
path and/or wired path. Components of the communication module 90 can send and
receive commands to the data acquisition device 10 and/or the ambulatory patient device

35. The communication module 90 can include atransmitter and/or receiver, |EEE
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802.11 (WiFi) connection, ZigBee, RFID, infrared, Bluetooth communication device or
the like.

[0032] AMBULATORY PATIENT DEVICE

[0033] Asshown in FIG. 3, the ambulatory patient device 35 can likewise
include a graphical user interface 55 having a display 50, one or more inputs 60 and
alarm/indicators 65. The ambulatory patient device 35 can likewise include a control
system 70 that can include at least one processor 75, & least one memory 80 coupled to
the at least one processor 75 and including a least one program stored thereon, a power
storage cell 85, and acommunication module 90.

[0034] The ambulatory patient device 35 can be used to sense avariety of
physiologic parameters including ECG, QRS, heart rate, ST, arrhythmia, PV C/min,
diagnostic ECG, respiration rate, Sp0 ,, NIBP, IBP, CO ., temberature, and others. In
some implementations, the ambulatory patient device 35 can be ahand-held device used
to spot-check one or more physiologic parameters that may not be actively monitored by
the patient-assigned monitor 25. In some implementations, the ambulatory patient device
35 isconfigured to sense any physiologic parameter of apatient that isnot already being
monitored by the patient-assigned monitor 25. For example, the patient-assigned monito'r
25 can be an ECG device and the ambulatory patient device 35 can be any device other
than an ECG device. The ambulatory patient device 35 can incorporate the data
acquisition device 10 such that the device 10 is embedded within the ambulatory patient
device 35. For example, the ambulatory patient device 35 can be configured to obtain a
non-invasive blood pressure measurement and can be coupled to ablood pressure cuff via

aport or other coupling location on the ambulatory patient device 35.
12



WO 2013/103342 PCT/US2012/020233

[0035] In some implementations, the ambulatory patient device 35 can be a
portable patient monitor such asthe Infinity® M540 portable patient monitor (Drager
Medical GmbH), which can continuously capture and display patient data at the bedside
aswell ason transport. In some implementations, the ambulatory patient device 35 can
be configured to dock with ahardwired docking station 37 located at a patient's bedside
and configured to collect data from one or more data acquisition devices 10 acquiring
clinical data from apatient 15. It should be appreciated that the ambulatory patient device
can aso include acell phone, PDA, iPod touch, iPhone or other smartphone, iPad or
other tablet device, or any other device that has an appropriate identification code reader
45. Although the ambulatory patient device 35 is generally aportable, hand-held device
it should be appreciated that in some implementations can be a stationary or fixed to a
particular location.

[0036] The ambulatory patient device 35 can include an identification code
reader 45 configured to capture, scan or otherwise read the identification codes 20, 30. In
some implementations, the identification code reader 45 is a camera module such asa
complementary metal oxide semiconductor (CMOS) image sensor. The ambulatory
patient device 35 can include software capable of trandating the identification code 20,
30 into information usable by the ambulatory patient device 35. In some embodiments,
the identification code reader 45 can include acharge coupled device (CCD) can be used
to read codes that are presented as an image on the display of the patient monitor. That is,
code readers including a CCD can be used to convert a code presented as an image on the
display of the patient monitor into electrical signals which represent the information

contained within the code. It should be appreciated that the patient-assigned monitor 25
13



WO 2013/103342 PCT/US2012/020233

can also include an identification code reader 45 such that it can be used to read the
identification code 20 of apatient 15 or the identification code of another device. For
example, the ambulatory patient monitor 35 can have an identification code capable of
being captured by the identification code reader of the patient-assigned monitor 25.

[0037] The communication module 90 of the ambulatory patient device 35
can be configured to communicate information over awireless network to an intended
location, aswill be described in more detail below. The ambulatory patient device 35 can
transmit information locally. For example, the ambulatory patient device 35 can transmit
information to the patient-assigned monitor 25 such as over a persona area network
using short wavelength radio transmissions using Bluetooth technology. In other
implementations, the ambulatory patient device 35 can transmit information to the central
patient monitor 9, such asvia WLAN. It should be appreciated that the ambulatory
patient device 35 can also communicate information using awired connection.

[0038] IDENTIFICATION CODES

[0039] The patient identification code 20 and the monitor identification code
30 can each be a QR or "quick response” code, which is atwo-dimensional matrix of
lines and pixels generally oriented in a square shape. QR codes can encode arelatively
large capacity of information made of up any kind of data (e.g. binary, a phanumeric,
etc.) The amount of data stored can depend on the character set, version and error
correction level. The QR codes can be quickly and reliably scanned and read by the
identification code reader 45 embedded in adevice having QR reader software.

[0040] Scanning an identification code 20, 30 using the ambulatory patient

device 35 can result in the information embedded in that code getting linked to the
14
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clinical data acquired by the ambulatory patient device 35 generating tagged clinical data.
The information to which the clinical datais tagged varies according to what
identification code 20, 30 is scanned and what information is embedded in the
identification code 20, 30. Scanning the patient identification code 20 using an
identification code reader 45 can provide information including, but not limited to,
encrypted patient-specific information, for example, information used to admit the patient
15, a unit number or a bed number within ahospital or other healthcare-providing system.
Reading the monitor identification code 30 using an identification code reader 45 can
provide information including, but not limited to, clinical data being acquired from the
patient 15 by the one or more data acquisition devices 10, an Internet protocol (1P)
address assigned to the patient-assigned monitor, MAC address, etc.

[0041] The monitor identification code 30 can be located on the exterior of
the patient-assigned monitor 25 in any location that is readily accessible to the caregiver
capturing the identification code using the identification code reader 45. In some
implementations, the monitor identification code 30 can be presented on an element that
is coupled to the patient-assigned monitor 25 (e.g., asticker that is adhered to the exterior
of the patient-assigned monitor 25). In other implementations, the monitor identification
code 30 can be integrally formed with aportion of the patient-assigned monitor 25. In
still other implementations, the monitor identification code 30 (as well asthe patient
identification code 20) can be presented on the display 50 of the patient-assigned monitor
25.

[0042] The patient identification code 20 can be positioned on the patient 15

in an unobtrusive location so that it will not cause discomfort or harm to the patient 15.
15
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The patient identification code 20 can also be positioned in alocation to which it is easily
applied (e.g., the patient's wrist or ankle). The patient identification code 20 can be
physically located on avariety of devices including, without limitation, a bracelet or an
ankle strap that cannot be easily removed. The patient identification code 20 can be
attached to the patient 15 upon being admitted to the healthcare-providing system so that
the patient can be associated with his/her patient identification code 20 throughout the
healthcare-providing process.

[0043] WIRELESS PAIRING

[0044] Many monitoring devices operate on a shared media (i.e. wireless)
introducing the problem of uncertainty regarding from which device the data is being
collected, such asthe intended patient's device or another wireless device in the vicinity
of the patignt. Previoudly, to eliminate this uncertainty the devices between which data
sharing was desired required a cable connection. The patient monitoring systems
described herein allow for the wireless pairing of two devices and tagging of the patient-
specific data prior to transmission to ensure that the data transmitted isto an identifiable
and intended location, such as a patient record or set of records. The pairing process can
be automatically initiated by scanning the identification codes 20, 30 using the
ambulatory patient device 35. The pairing process can allow afirst device to uniquely
pair with one of many other wireless devices such that the data acquired by the first
device only gets merged with the data from fhe intended other device and not other
unintended devices in the vicinity. The pairing process can aso alow for the
communication of patient-specific information from afirst device, such as the patient-

assigned monitor 25 to which the patient is "known," to anewly introduced device, such
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as the ambulatory patient monitor 35 to which the patient is not "known," such that the
clinical data acquired by the newly introduced device is tagged with the patient-specific
information. It should be appreciated that the pairing process can be similar to that which
occurs in Bluetooth, but that non-Bluetooth pairing processes are considered herein as
well.

[0045] In some implementations, the patient monitoring systems described
herein are useful in a hospital ward in which multiple patients are being continuously
monitored for avariety of physiological parameters using wireless monitors. For
example, the systems described herein can be used in atelemetry ward. A telemetry ward
istypically for patients who may require continued monitoring, such as heart monitoring
for patients recovering from heart events or patients who may be at risk of heart events,
or experiencing ongoing heart problems. The telemetry ward generally provides for
continuous heart rhythm monitoring where the data is collected in one location and
transmitted to another. In the case of cardiac telemetry, apatient can wear or otherwise
be coupled to one or more data acquisition devices such as electrodes attached to leads
and atelemetry transmitter, which can send signals to a patient-assigned monitor and/or a
central patient monitoring center, such asanurses station, so that the patient can be
continuously and unobtrusively monitored by care providers.

[0046] The ambulatory patient device 35 described herein can be used by care
providers for spot-checking patients for aphysiological parameter beyond what is being
continuously monitored by the patient-assigned monitor 25. For example, the ambulatory
patient device 35 can be used to measure NIBP of apatient being monitored by an ECG

patient-assigned monitor. The identification code reader 45 of the ambulatory patient
17



WO 2013/103342 PCT/US2012/020233

device 35 can be used to read the identification code 30 of the patient-assigned monitor
25 and wirelessly pair the ambulatory patient device 35 to the patient-assigned monitor
25. This dso indirectly pairs the ambulatory patient device 35 with the patient 15 asthe
patient-assigned monitor 25 already "knows' from which patient its clinical datais being
collected. It should be appreciated that the patient-specific information can also be
obtained using the ambulatory patient device 35 to read the patient identification code 20
on the patient 15 directly. The patient-assigned monitor 25 can aso be used to read the
patient identification 20 on the patient 15 such that the patient identification data is
available from the data stream of the patient-assigned monitor 25.

[0047] Upon pairing, the patient-assigned monitor 25 informs the ambulatory
patient device 35 from which patient 15 the patient-assigned monitor 25 is collecting
clinical data. Further, the patient-assigned monitor 25 can cause any clinical data
acquired by the ambulatory patient device 35 upon pairing to be tagged with patient-
specific information. The ambulatory patient device 35 can transmit over awireless
network the tagged clinical datato an intended location. In some implementations, the
tagged clinical data from the ambulatory patient device 35 can be transmitted locally to
the patient-assigned monitor 25. There, the tagged clinical data from the ambulatory
patient device 35 can be merged with the data stream from the data acquisition device(s)
10 communicating with the patient-assigned monitor 25 and stored in the patient record
in the patient-assigned monitor 25. The patient-assigned monitor 25, in turn, can transmit
the merged data streams to the central patient monitor 9. In other implementations, the
tagged clinical data from the ambulatory patient device 35 can betransmitted to the

central patient monitor 9. There, the tagged clinical data from the ambulatory patient
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device 35 can be merged with the data stream from the patient-assigned monitor 25 and
stored in the patient's medical record on the central patient monitor 9. In some
implementations, the patient-assigned monitor 25 and the ambulatory patient device 35
communicate using short wavelength radio transmissions, such as with Bluetooth
technology, creating apersonal area network. In sdme implementations, the patient-
assigned monitor 25 and the ambulatory patient device 35 each communicate with the
central patient monitor 9, such asvia WLAN.

[0048] Wireless pairing between the patient-assigned monitor 25 and the
ambulatory patient device 35 can be automatically initiated upon reading the
identification code 30 of the patient-assigned monitor 25 with the identification code
reader 45 of the ambulatory patient device 35. The pairing of the ambulatory patient
device 35 with the patient-assigned monitor 25 and/or patient 15 initiated by the reading
of the identification codes 20, 30 provides for automated pairing and confirmation such
that no user interaction is required. The identification code-initiated pairing between the
ambulatory patient device 35 and the patient-assigned monitor 25 as well asthe tagging
of the clinical data with patient-specific information eliminates any ambiguity and
uncertainty regarding from where the clinical data originated and to where the datais
transmitted.

[0049] The patient-assigned monitor 25 and the ambulatory patient device 35
can transmit data to each other via awireless pairing operation using for example a point-
to-point wireless technology such as Bluetooth. It should be appreciated that the
communication channel and protocol can vary and any wireless method can be

incorporated including proprietary or "standards based" technologies. In some
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implementations, automated wireless pairing includes the confirmation of matching
information embedded in the identification code 30 prior to transmission of the clinical
data by the ambulatory patient device 35. In one implementation, the data transmitted by
the patient-assigned monitor 25 can include its monitor identification code 30. The
monitor identification code 30 transmitted by the patient-assigned monitor 25 can be
received by the ambulatory patient device 35. The ambulatory patient device 35 can
compare the identification code 30 read by the identification code reader 45 with the
identification code 30 received. If they match, then the ambulatory patient device 35 can
pair with the patient-assigned monitor 35.

[0050] In other implementations, the ambulatory patient device 35 can capture
the image of the identification code 30 of the patient-assigned monitor 25 using the image
sensor of the identification code reader 45. The information embedded in the
identification code 30 is translated by the ambulatory patient device 35. It should be
appreciated that the image of the identification code 30 need not be translated prior to
identity confirmation. The ambulatory pati}ent device 35 can confirm the information of
the captured image matches the corresponding information stored by the patient-assigned
monitor 25. |If the information matches, the ambulatory patient device 35 and the patient-
assigned monitor 25 are paired and clinical data from the ambulatory patient device 35 is
tagged and transmitted to the patient-assigned monitor 25. Alternatively, if the intended
location for the transmission of acquired clinical data from the ambulatory patient device
35 isacentral patient rhonitor 9, asimilar confirmation process can be performed by the
ambulatory patient device 35 prior to transmission of the clinical datato the patient

record on the central patient monitor 9.
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[0051] In some implementations, the pairing can operate according to a
setting that further enhances safety, such as an additional prompt that requires some user
interaction for confirmation. For example, the prompt for confirmation on the
ambulatory patient device 35 can be displayed for the clinician to review and verify the
pairing prior to the transmission of patient clinical data from the ambulatory patient
device 35. The clinician (or any other user of the ambulatory patient device 35) can be
required to confirm the proposed pairing is correct and activate a confirmation command
(e.g. activation of an input 60 on the ambulatory patient device 35).

[0052] Asshown in FIG. 4, aclinician carrying an ambulatory patient device
35 can enter award or a patient room}contai ning, for example, Patient Aeand Patient B to
obtain aNIBP measurement from each patient. The clinician can use the identification
code reader 45 of the ambulatory patient device 35 to capture the monitor identification
code 30a on the patient-assigned monitor 25a of Patient A to initiate pairing such that the
identity of Patient A is known to both the corresponding patient-assigned monitor 25a
recording data from Patient A data acquisition device 10a and the ambulatory patient
device 35. The patient-assigned monitor 25a and the ambulatory patient device 35 can
pair such that their respective communication modules 90 are in two-way communication
with one another. The clinician can then use the ambulatory patient device 35 to perform
additional clinical data acquisition from Patient A, such astaking a NIBP measurement of
Patient A. The clinical data acquired by the ambulatory patient device 35 can be tagged
with Patient A-specific information and communicated to the patient-assigned monitor
25ato be incorporated into Patient A medical record. Alternatively, the ambulatory

patient device 35 can transmit the tagged clinical datato acentral patient monitor (not
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shown) such that the clinical datais merged with the medical record for Patient A stored
on the central patient monitor.

[0053] The clinician can then release the pairing between the ambulatory
patient device 35 and the patient-assigned monitor 25a such as by pressing an input or
such asan "un-pair" button or other mechanism on the ambulatory patient device 35 to
release the pairing of the two devices. If the clinician fails to release the pairing of the
Patient A patient-assigned monitor 25a with the ambulatory patient device 35, then the
ambulatory patient device 35 can be prevented from pairing with another device. In
some implementations, the clinician need not perform an un-pairing operation on the
ambulatory patient device 35. Instead, un-pairing can occur upon initiation of anew
pairing with another device or monitor. In another implementation, un-pairing between
two devices can occur based on monitoring of the respective received signal strength
indicator (RSSI). If the RSSI value falls outside of arange or threshold limit, the two
devices become un-paired. A significant enough change in measured RSSI can occur
whenever one of the two devices is moved to anew location. Examples of pairing and
un-pairing between two medical devices based on detected proximity are described in
U.S. Patent No. 8,001,235, which is incorporated by reference herein in its entirety.

[0054] Still with respect to FIG. 4, the clinician can attend to Patient B to
obtain a NIBP measurement using the same ambulatory patient device 35. Patient B may
be in the vicinity of Patient A, such as in the same room or ward. The clinician can use
the identification code reader 45 of the ambulatory patient device 35 to capture the
monitor identification code 30b on the patient-assigned monitor 25b of Patient B to

initiate pairing such that the identity of Patient B is known to both the corresponding
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patient-assigned monitor 25b recording data from Patient B data acquisition device 10b
and the ambulatory patient device 35. The patient-assigned monitor 25b and the
ambulatory patient device 35 can then pair such that their respective communication
modules 90 are in two-way communication with one another. The clinician can then use
the ambulatory patient device 35 to perform data acquisition from Patient B, such as
taking aNIBP or measurement of Patient B. The clinical data acquired by the ambulatory
patient device 35 can be tagged with Patient B-specific information and communicated to
the patient-assigned monitor 25b to be incorporated into Patient B medical record.
Alternatively, the ambulatory patient device 35 can transmit the tagged clinical datato a
central patient monitor such that the clinical data is merged with the medical record for
Patient B stored on the central patient monitor. The identification code-initiated pairing
of the ambulatory patient device 35 with the patient assigned monitor 25b eliminates the
uncertainty asto whether the data acquired and transmitted has affected the medical
record of Patient B.

[0055] Various aspects of the subject matter described herein may be realized
in digital electronic circuitry, integrated circuitry, specially designed ASICs (application
specific integrated circuits), computer hardware, firmware, software, and/or combinations
thereof. These various implementations may include implementation in one or more
computer programs that are executable and/or interpretable on aprogrammable system
including at least one programmable processor, which may be special or general purpose,
coupled'to receive data and instructions from, and to transmit data and instructions to, the
memory, at least one input device, and at least one output device such as adisplay.

[0056] These computer programs (also known as programs, software,
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software applications or code) include machine instructions for a programmable
processor, and may be implemented in ahigh-level procedural and/or object-oriented
programming language, and/or in assembly/machine language. As used herein, the term
"machine-readable medium" refers to any computer program product, apparatus and/or
device (e.g., magnetic discs, optica] disks, memory, Programmable Logic Devices
(PLDs)) used to provide machine instructions and/or data to aprogrammable processor,
including a machine-readable medium that receives machine instructions as a machine-
readable signal. The term "machine-readable signal” refers to any signal used to provide
machine instructions and/or data to aprogrammable processor.

[0057] The implementations set forth in the foregoing description do not
represent all implementations consistent with the subject matter described herein.
Instead, they are merely some exarhples consistent with aspects related to the described
subject matter. Wherever possible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

[0058] Although afew variations have been described in detail above, other
modifications or additions are possible. In particular, further features and/or variations
can be provided in addition to those set forth herein. For example, the implementations
described above can be directed to various combinations and sub-combinations of the
disclosed features and/or combinations and sub-combinations of several further features
disclosed above. In addition, the logic flows and steps for use described herein do not
require the particular order shown, or sequential order, to achieve desirable results. Other

embodiments can be within the scope of the claims.
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WHAT ISCLAIMED IS:

1 A system, comprising:

afirst data acquisition device configured to be coupled to the patient to acquire
clinica data;

a patient-assigned monitor coupled to the first data acquisition device, wherein the
patient-assigned monitor comprises afirst wireless communication module and a monitor
identification code; and

an ambulatory patient device comprising an identification code reader configured
to capture the monitor identification code, a second data acquisition device configured to
acquire clinical data from the patient and a second wireless communication module,

wherein capture of the monitor identification code by the identification code
reader automatically initiates wireless pairing between the patient-assigned monitor and
the ambulatory patient device.

2. The system of claim 1, wherein the clinical data acquired from the second
data acquisition device is tagged with patient-specific information by the patient-assigned
monitor.

3. The system of clam 2, wherein the patient-specific information comprises
one or more of apatient hospital identification number, patient name, patient date of
birth, patient bed number, and patient room.

4. The system of any of claims 1, 2 or 3, wherein the clinical data acquired
from the second data acquisition device is wirelessly transmitted from the ambulatory

patient device to the patient-assigned monitor.
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5. The system of claim 4, wherein the wirelessly transmitted clinical datais
merged with amedical record for the patient stored in the patient-assigned monitor.

6. The system of any of claims 1, 2 or 3, wherein the clinical data acquired
from the second data acquisition device iswirelessly transmitted from the ambulatory
patient device to a central patient monitor.

7. The system of claim 6, wherein the wirelessly transmitted clinical datais
merged with amedical record for the patient stored in the central patient monitor.

8. The system of any of the preceding claims, further comprising a patient
identification code configured to be coupled to a patient.

9. The system of claim 8, wherein at least one of the patient identification
code and the monitor identification code comprises a quick response (QR) code.

10. The system of claims 8 or 9, wherein at least one of the patient
identification code and the monitor identification code comprises encoded patient-
specific information.

11. The system of any of claims 8-10, wherein the patient-assigned monitor
further comprises an identification code reader configured to capture the patient
identification code.

12. The system of any of the preceding claims, wherein the monitor
identification code is positioned on an exterior portion of the patient-assigned monitor.

13. The system of any of the preceding claims, wherein the patient-assigned
monitor further comprises a graphical user interface and the monitor identification code is

displayed on the graphical user interface.
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14. The system of any of the preceding claims, wherein the identification code
reader comprises a CMOS image sensor or CCD image sensor.

15. The system of any of the preceding claims, wherein the first data
acquisition device comprises at least one of aheart rate monitor, apulse oximetry sensor,
a sphygmomanometer, athermometer, and electrocardiology equipment.

16.  The system of claim 15, wherein the second data acquisition device
comprises at least one of a heart rate monitor, a pulse oximetry sensor, a
sphygmomanometer, athermometer, and electrocardiology equipment.

17. The system of claim 16, wherein the second data acquisition device is
different from the first data acquisition device.

18. The system of any of the preceding claims, wherein each of the wireless
communication modules comprises a Bluetooth communication device.

19. A method, comprising:

acquiring clinical data using afirst data acquisition device coupled to a patient
and communicating the clinical datato apatient-assigned monitor, wherein the patient-
assigned monitor comprises amonitor identification code and a wireless communication
module;

reading the monitor identification code with an identification code reader of an
ambulatory patient device, wherein the ambulatory patient device comprises awireless
communication module and a second data acquisition device;

automatically initiating wireless pairing between the wireless communication
module of the patient-assigned monitor with the wireless communication module of the

ambulatory patient device;
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acquiring clinical data from the patient using the second data acquisition device of
the ambulatory patient device; and

wirelessly transmitting the clinical data acquired from the patient using the second
data acquisition device.

20. The method of claim 19, further comprising tagging the acquired clinical
data with patient-specific information with the patient-assigned monitor.

21. The method of claim 20, wherein the patient-specific information
comprises one or more of apatient hospital identification number, patient name, patient
date of birth, patient bed number, and patient room.

22. The method of any of claims 19-21, wherein wirelessly transmitting
comprises wirelessly transmitting the clinical data acquired from the patient using the
second data acquisition device from the ambulatory patient device to the patient-assigned
monitor.

23. The method of claim 22, wherein the wirelessly transmitted clinical datais
merged with amedical record for the patient stored in the patient-assigned monitor.

24, The method of any of claims 19-21, wherein wirelessly transmitting
comprises wirelessly transmitting the clinical data acquired from the patient using the
second data acquisition device from the ambulatory patient device to a central patient
monitor.

25. The method of claim 24, wherein the wirelessly transmitted clinical datais
merged with a medical record for the patient stored in the central patient monitor.

26. The method of any of claims 19-25, wherein reading the monitor

identification code with an identification code reader of an ambulatory patient device
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comprises capturing a quick response (QR) code on the patient-assigned monitor using an
image sensor in the ambulatory patient device.

27. The method of claim 26, wherein the image sensor comprises a CMOS or
CCD image sensor.

28. The method of any of claims 19-27, wherein the monitor identification
code comprises encoded monitor-specific information.

29. ©  The method of any of clams 19-28, wherein the monitor identification
code is positioned on an exterior portion of the patient-assigned monitor.

30. The method of any of claims 19-29, wherein the patient-assigned monitor
further comprises a graphical user interface and the monitor identification code is
displayed on the graphical user interface.

31.  The method of any of claims 19-30, wherein acquiring clinical data using
the first data acquisition device comprises acquiring clinical data using at least one of a
heart rate monitor, apulse oximetry sensor, a sphygmomanometer, athermometer, and
electrocardiology equipment.

32. The method of claim 31, wherein acquiring clinical data using the second
data acquisition device comprises using at least one of a heart rate monitor, apulse
oximetry sensor, a sphygmomanometer, athermometer, and electrocardiology equipment.

33. The method of clam 32, wherein the second data acquisition device is
different from the first data acquisition device.

34. The method of any of claims 19-33, wherein each of the wireless

communication modules comprises a Bluetooth communication device.
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35. The method of any of claims 19-34, further comprising reading a patient
identification code on the patient using the identification code reader of the ambulatory

patient device.
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