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(57) ABSTRACT

A medical system that includes an identification patch having
a memory that stores identification information associated
with the patch. A monitoring device to be used with the
identification patch interrogates the patch to obtain the iden-
tification information stored within the memory of the patch.
The monitoring device determines whether the identification
information is valid and, if so, measures values representing
one or more parameters of the patient. 1f the identification
information is not valid, monitoring device does not measure
values representing the one or more parameters of the patient.
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MEDICAL SYSTEM WITH IDENTIFICATION
PATCH

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/309,532, filed on Mar. 2, 2010,
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Thedisclosurerelates generally to devices and tech-
niques for monitoring one or more parameters of a patient.

BACKGROUND

[0003] One or more parameters of a patient may need to be
monitored over a period of time to diagnose a condition of a
patient, monitor changes of the condition of the patient, to
determine the efficacy of a therapy provided to the patient, or
for another medical reason. In one example, a medical system
may measure one or more parameters relating to cardiac
performance, such as heart rate, blood flow, stroke volume,
blood pressure, cardiac output, blood oxygen saturation,
location and/or size of various portions of the heart, or the
like. The measured parameters may be used to diagnose or
monitor a cardiac condition of the patient and/or to determine
a course of treatment for the cardiac condition.

SUMMARY

[0004] 1In general, this disclosure relates to a medical sys-
tem that includes an identification patch. The identification
patch is configured to be coupled 1o a patient and includes a
memory that stores identification information associated with
the patch. A monitoring device to be used with the identifi-
cation patch interrogates the patch to obtain identification
information stored within the memory of the patch prior to
measuring values corresponding to parameters of the patient
on which the patch is attached. The monitoring device deter-
mines whether the identification information is valid and, if
so, measures values representing one or more parameters of
the patient. Ifthe identification information is not valid, moni-
toring device does not measure values representing the one or
more parameters of the patient.

[0005] Inoneexample, the disclosure is directed to a moni-
toring device comprising a transceiver, an antenna coupled to
the transceiver, a sensor driver, a sensor coupled to the sensor
driver and a processor configured to control the transceiver to
transmit an interrogation signal via the antenna to a patch
attached to a patient to obtain identification information of the
patch, determine whether the identification information of the
patch is valid, and control the sensor driver to measure at least
one parameter of the patient using the sensor in response to
the identification information being valid.

[0006] In another example, the disclosure is directed to a
method comprising transmitting an interrogation signal from
a monitoring device to a patch attached to a patient, receiving
a response signal that includes identification information of
the patch, determining whether the identification information
of the patch is valid, and measuring at least one parameter of
the patient in response to the identification information being
valid.

[0007] In a further example, the disclosure is directed to a
monitoring device comprising means for transmitting an
interrogation signal from a monitoring device to a patch
attached to a patient, means for receiving a response signal
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that includes identification information of the patch, means
for determining whether the identification information of the
patch is valid, and means for measuring at least one parameter
of the patient in response to the identification information
being valid.

[0008] This summary is intended to provide an overview of
the subject matter described in this disclosure. It is not
intended to provide an exclusive or exhaustive explanation of
the techniques as described in detail within the accompanying
drawings and description below. Further details of one or
more examples are set forth in the accompanying drawings
and the description below. Other features, objects, and advan-
tages will be apparent from the description and drawings, and
from the statements provided below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG.1is a schematic diagram illustrating a medical
system for measuring one or more parameters of a patient.
[0010] FIGS. 2A-2C are schematic diagrams illustrating an
example patch of the medical system of FIG. 1.

[0011] FIGS. 3A and 3B illustrate an example probe of a
monitoring device of the medical system of FIG. 1.

[0012] FIG. 4isablock diagram illustrating components of
a monitoring device.

[0013] FIG. 5isablock diagram illustrating components of
an example patch.

[0014] FIG. 6 is a flow diagram illustrating example opera-
tion of a monitoring device in accordance with one aspect of
this disclosure.

[0015] FIG. 7is a flow diagram illustrating example opera-
tion of a patch in accordance with one aspect of this disclo-
sure.

DETAILED DESCRIPTION

[0016] FIG.1is a schematic diagram illustrating a medical
system 2 for measuring one or more parameters of a patient
14. Medical system 2 includes a patch 4 and a monitoring
device 6. In the example illustrated in FIG. 1, patch 4 is placed
on a chest of patient 14 and, more particularly, over a heart of
patient 14. Patch 4 may be attached to the chest of patient 14
using an attachment mechanism, such as an adhesive layer
that adhesively couples patch 4 to patient 14, a strap or belt
that holds patch 4 against the body of patient 14, or other
attachment mechanism. Patch 4 may be placed on patient 14
upon being admitted to a hospital, arriving at an appointment,
or at another appropriate time. Additionally, identification
information stored within patch 4 may be associated with
patient 14 when patch 4 is placed on patient 14.

[0017] Monitoring device 6 includes a control unit 8 that is
coupled to a sensing probe 10 via a cable 12. Probe 10 may
include one or more sensors that may be placed on patient 14
to measure values representing one or more parameters of
patient 14. In the example illustrated in FIG. 1, for example,
the sensors of probe 10 may measure values representing one
or more parameters relating to cardiac performance. The sen-
sors of probe 10 may be used to measure values representing
parameters related to other functions in addition to or instead
of cardiac performance. However, this disclosure describes
the techniques with respect to monitoring parameters relating
to cardiac performance for purposes of illustration and there-
fore should not be limited to parameters relating to cardiac
function.
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[0018] A user of monitoring device 6 places probe 10 on
patch 4 to measure the values. In some instances, patch 4 is
configured to mechanically accept a portion of probe 10. A
housing of patch 4 may, for example, be constructed to form
avoid in the center of patch 4 that accepts the portion of probe
10. When the portion of probe 10 is placed on patch 4 within
the void, a distal end of probe 10 may be in contact with the
skin of patient 14. In other instances, patch 4 may include a
gel-like layer between the skin of patient 14 and the distal end
of probe 10. The gel-like layer between the skin of patient 14
and the distal end of probe 10 may provide for better mea-
surement of the parameters, such as when the sensing is
performed using ultrasound signals. Patch 4 and probe 10
may also include locking mechanisms that may configured to
interlock with a locking mechanism of probe 10 to mechani-
cally couple patch 4 and probe 10 upon mechanically accept-
ing probe 10. The mechanical coupling provided by the lock-
ing mechanism may hold probe 10 steady on patient 14 and
possibly even permit hands-free functionality. However, in
other instances, patch 4 does not include a locking mecha-
nism. In this case, patch 4 and probe 10 are not mechanically
coupled when the portion of probe 10 is placed in the void of
or mechanically accepted by patch 4.

[0019] Patch 4 includes an integrated circuit that stores
identification information of patch 4. The identification infor-
mation may include a unique identifier (e.g., serial number)
associated with patch 4 or identification information associ-
ated with patient 14. In one example, patch 4 may include a
radio frequency identification (RFID) chip with memory.
Patch 4 may include other types of integrated circuits other
than or in addition to the RFID chip to store the identification
information. However, this disclosure will be described in the
context of RFID for purposes of illustration.

[0020] Afterplacing probe 10 onpatch 4, e.g., in the void of
patch 4, control unit 8 generates an interrogation signal that is
transmitted by probe 10. In one example, the interrogation
signal may be conducted to probe 10 via cable 12 and radiated
via an antenna within probe 10. The interrogation signal may
be modulated with a command requesting identification
information from patch 4. Patch 4 receives the interrogation
signal from probe 10 and demodulates the signal to decode
the command. In addition to the command requesting identi-
fication information, the interrogation signal may include
data to be stored in the memory of the integrated circuit. This
data may, for example, be a timestamp indicating a time at
which the interrogation signal was sent, identification infor-
mation associated with monitoring device 6, identification
information associated with the user of monitoring device 6,
information indicating the type of sensing to be performed, or
the like. Patch 4 stores this data within the memory of the
integrated circuit.

[0021] Inresponse to the interrogation signal, patch 4 sends
a response signal that is modulated to include the identifica-
tion information stored within the memory. As described
above, the identification information may uniquely identify
patch 4, patient 14 or both. In the case of a passive or semi-
passive RFID chip, patch 4 sends a response signal using
passive backscatter. However, patch 4 may be capable of
generating and transmitting the response signal using tech-
niques other than passive backscatter.

[0022] After sending the interrogation signal, control unit 8
monitors for a response signal from patch 4. The antenna of
probe 10 receives the response signal from patch 4 and con-
trol unit 8 demodulates the response signal to decode the
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identification information included within the response sig-
nal. Control unit 8 determines whether the identification
information is valid. In one example, control unit 8 may
determine the identification information is valid when the
identification information in the response signal is associated
with a patient, e.g., by accessing a database that associates
identification information with patient information. That
database may be stored within control unit 8 or within another
computing device that may be accessed by control unit 8 via
wired or wireless communication (e.g., via a network such as
the Medtronic CareLink® Network developed by Medtronic,
Inc., of Minneapolis, Minn.). In another example, control unit
8 may determine the identification information is valid when
the identification information matches a particular or
expected format or has a value within a particular range.

[0023] When no response signal is received or when a
response signal is received without valid identification infor-
mation, monitoring device 6 does not sense the parameters of
patient 14. In this manner, monitoring device 6 does not
permit (e.g., prevents) the sensing of the parameters of patient
14. Instead, control unit 8 may provide an error indication to
the user. The error indication may indicate that no patch has
been identified or that patch 4 is not associated with a patient.
When the identification information is not associated with a
patient, control unit 8 may further prompt the user to enter
patient information (e.g., patient’s name, birth date, social
security number or other patient identification information, or
information associated with a condition of patient 14) to
associate patch 4 with patient 14 on which patch 4 is placed.
The patient information entered by the user may be stored
within the database.

[0024] When the identification information is valid (e.g., is
associated with a patient, has a value within a particular
range, or matches a particular or expected format) or after the
user has entered the patient information, control unit 8 causes
monitoring device 6 to measure the one or more parameters.
Monitoring device 6 may measure the one or more parameters
using any of a variety of techniques. In this manner, the
identification information may function to enable monitoring
device 6 to measure the parameters of patient 14. In other
words, control unit 8 may require that valid identification
information received from patch 4 prior to measuring the
parameters of patient 14.

[0025] Monitoring device 6 may measure the one or more
operating parameters using an ultrasound sensor (e.g., a Dop-
pler sensor), an optical sensor, an ECG sensor, a temperature
sensor, or other sensor, or a combination of different sensors
included within probe 10. The Doppler sensor emits and
detects a plurality of ultrasonic waves. The optical sensor
emits and detects a plurality of optical signals. The ECG
sensor may detect cardiac electrical signals and the tempera-
tures sensor may obtain body temperature measurements.
Control unit 8§ may process the measured values from one or
more of the sensors to compute parameter values, including
heart rate, blood flow, stroke volume, blood pressure, cardiac
output, location and size of the portion of the heart (e.g.,
aorta), oxygen saturation of the blood, or the like. The
example parameters are provided for purposes of illustration.
Other parameters may also be computed, including param-
eters relating to body functions other than cardiac functions.
The measure parameters may be immediately and automati-
cally associated with patient 14 since the identification infor-
mation stored on patch 4 is already associated with patient 14.
The amount of user interaction is reduced by only requiring
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the user to enter patient information once, e.g., upon first
attaching patch 4 to patient 14. Moreover, because monitor-
ing device 6 will be used to sense parameters of a plurality of
patients that each have a patch, the techniques of this disclo-
sure further reduce the likelihood of erroneously associating
the sensed medical data to the wrong patient.

[0026] The illustration in FIG. 1 is provided for exemplary
purposes and should not be considered limiting of the tech-
niques disclosed in this disclosure. For example, although in
the example illustrated in F1G. 1 patch 4 is placed on the chest
of patient 14, patch 4 may be placed on other locations of
patient 14 based on the parameters of interest. As another
example, monitoring device 6 may integrate control unit 8
and probe 10 into a common housing, e.g., by putting all the
functionality of control unit 8 into hand-held probe 10.

[0027] FIGS. 2A-2C illustrate an example patch 4 from
various vantage points. FIG. 2A is a perspective diagram
illustrating a top view of patch 4. FIG. 2B is a sectional view
of patch from taken from A to A". FIG. 2C is a sectional view
of patch 4 taken from A to A" after probe 10 is placed on patch
4.

[0028] Patch 4 includes a housing 18 that encases an inte-
grated circuit 20 and an antenna 22. Housing 18 may provide
sufficient protective qualities to integrated circuit 20 and
antenna 22. Housing 18 may be a malleable, pliable, flexible
device or substance that conforms to the body of patient 14
when placed onpatient 14. Housing 18 may be made of any of
a variety of materials, including thermoplastic material, ther-
moset material, or polymers, such as polyester, polystyrene,
polypropylene, polyethylene, or other suitable material.

[0029] Housing 18 may be constructed to form a void 24 for
receiving probe 10. Void 24 may be shaped to conform to the
shape of a distal end of probe 10. In the example patch 4
illustrated in FIG. 2A, void 24 is generally cylinder shaped to
mechanically accept (orreceive) the distal end of probe 10. As
such, patch 4 may take on an annulus or ring shape. Void 24
may be formed in any of a number of different shapes to
mechanically accept particular types of probes 10.

[0030] Housing 18 may also be constructed to include pro-
trusions 26A-26D, collectively referred to as protrusions 26.
Protrusions 26 extend from the inner circumference of hous-
ing 18 into void 24. Protrusions 26 may be made of the same
material as the rest of housing 18. Alternatively, protrusions
26 may be made from a different material that is not as
malleable, pliable or flexible as the rest of housing 18. As
illustrated in FIG. 2B, the thickness of protrusions 26 is less
than the thickness of patch 4. This enables protrusions of
probe 10 (described in FIG. 3) to be oriented below protru-
sions 26, thus mechanically coupling probe 10 to patch 4 (as
illustrated in FIG. 2C). Alternatively, housing 18 may be
constructed with a different attachment mechanism for inter-
locking with probe 10. For example, housing 18 may have a
spring clip that attaches to probe 10. Any attachment mecha-
nism may be used to mechanically couple probe 10 to patch 4
when void 24 of patch 4 mechanically accepts probe 10. In yet
other instances, housing 18 may have no mechanism for
mechanically coupling patch 4 to probe 10. In this case, probe
10 is not locked into place when void 24 of patch 4 mechani-
cally accepts probe 10.

[0031] With further reference to FIG. 2B, patch 4 may
include an adhesive layer 28 on a bottom side of housing 18
(i.e., the side to be attached to patient 14). Adhesive layer 28
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may include a pressure sensitive adhesive. In other instances,
patch 4 may include a strap or belt that attaches patch 4 to the
body of patient 14.

[0032] Patch 4 may also include a gel-like layer 29 in a
bottom of void 24 at the skin-patch interface. For example,
patch 4 may include gel-like layer 29 when probe 10 uses a
Doppler sensor to sense the one or more parameters using
ultrasound signals. Gel-like layer 29 may be formed of a
material similar to that used in ultrasound gels. Gel-like layer
29 may remove air between the skin of patient 14 and the
Doppler sensor of probe 10 so that the ultrasound signals may
be efficiently coupled between the body of patient 14 and the
Doppler sensor. Ininstances in which patch 4 does not include
gel-like layer 29, the distal end of sensing probe 10 is in direct
contact with the skin of patient 14 when placed within the
void of the patch.

[0033] Patch 4 may also include two or more electrodes,
such as electrodes 25A and 25B that make contact with the
skin of patient 14. Electrodes 25A and 25B may be used to
sense cardiac electrical activity of patient 14. Electrodes 25A
and 25B may be electrically coupled to integrated circuit 20
via conductors 27A and 27B, respectively. In this case, inte-
grated circuit 20 may include circuitry to process the signals
sensed by electrodes 25 A and 25B to measure a physiological
signal of patient 14, such as an electrocardiogram (ECG).
Integrated circuit 20 may store the sensed and/or processed
data. Integrated circuit 20 may also convert the sensed and/or
processed data to a digital signal for transmission to the
monitoring device 6 via antenna 22. Alternatively, electrodes
25A and 25B may be coupled to an electrical connector that
electrically couples to probe 10 of monitoring device 6 when
probe 10 is placed within void 24. In this case, measurement
of the ECG or other parameter may be performed by circuitry
in monitoring device 6.

[0034] Inthe example illustrated in FIG. 2A, antenna 22 is
aloop antenna. Antenna 22 includes a conductor (e.g., wire or
conductive trace) that is formed into a single loop. The loop of
antenna 22 generally follows the shape of patch 4. In the
example of patch 4, the loop of antenna 22 is a circle. The loop
ofantenna 22 may be other shapes, such as a square loop, oval
loop, triangular loop or other shape, and may depend on the
overall shape of the patch. Moreover, antenna 22 may include
more than one loop. In other instances, patch 4 may include an
antenna that is not a loop antenna, such as a monopole
antenna, dipole antenna, whip antenna or any other type of
antenna.

[0035] Integrated circuit 20 includes a memory or is
coupled to a separate memory that stores identification infor-
mation of patch 4. The memory may, for example, store a
unique serial number associated with patch 4. The memory
may store additional data, such as information associated
with patient 14, information received from probe 10, or infor-
mation generated by integrated circuit 20. Integrated circuit
20 may further be capable of demodulating signals received
by antenna 22 and modulating signals for transmission by
antenna 22. For example, integrated circuit 20 may demodu-
late an interrogation signal received from probe 10 to decode
a command, perform the command (e.g., retrieve identifica-
tion information) and modulate a response signal to include
the identification information. In some instances, integrated
circuit 20 may be capable of performing other specialized
functions, such as maintaining a counter or tracking an
amount of time to perform the functions described in further
detail below.
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[0036] Patch 4 may include indicia to aid in the placement
of patch 4 on patient 14 or to aid in the interlocking or
mechanical coupling of patch 4 with probe 10. Patch 4 may,
for example, include an arrow, triangle or other marking on
the side of patch 4 not placed on patient 14. The indicia may
indicate the orientation with which patch 4 should be placed
on patient, e.g., with the arrow pointing toward a head of
patient 12. In other instances, the indicia may be aligned with
a similar indicia located on probe 10 to aid in orienting probe
10 with respect to patch 4 to improve communication with
patch 4 or to assist with the interlocking or mechanical cou-
pling of probe 10 and patch 4.

[0037] FIGS. 3A and 3B illustrate an example probe 10 of
monitoring device 6. FIG. 3A illustrates a perspective view of
a front of probe 10 and F1G. 3B illustrates a perspective view
of a bottom of probe 10. Probe 10 includes a housing 32 that
encases at least one sensor 34 and an antenna 36. Housing 32
may be constructed to form a handle for the user. Housing 32
may be formed to include protrusions 30A-30D, collectively
protrusions 30, that extend outward from an outer circumfer-
ence of the bottom of probe 10. The user of probe 10 may
align protrusions 30 of probe 10 such that they do not overlap
with protrusions 26 of patch 4, place the distal end of probe 10
(e.g., the end with the protrusions in the example of FIG. 3)
within void 24 of patch 4, and turn the distal end of probe 10
such that protrusions 30 and protrusions 26 overlap, thereby
mechanically coupling probe 10 in place. As described above
with respect to FIGS. 2A-2C, probe 10 may include other
locking mechanisms that may mate with respective locking
mechanisms on patch 4 to mechanically couple patch 4 to
probe 10.

[0038] Antenna 36 is a loop antenna with a plurality of
loops that extend around the periphery of'the bottom of probe
10. Antenna 36 includes a conductor (e.g., wire or conductive
trace) that is formed into the plurality of loops. The loops of
antenna 36 generally follow the shape of the bottom portion
of probe 10. In the example of probe 10, the loop of antenna
36 is a circle. The loop of antenna 36 may be other shapes,
such as a square loop, oval loop, triangular loop or other
shape, and may depend on the overall shape of the bottom
portion of probe 10. Moreover, antenna 36 may include more
or fewer loops. In other instances, probe 10 may include an
antenna that is not a loop antenna, such as a monopole
antenna, dipole antenna, whip antenna or any other type of
antenna.

[0039] As will be described in more detail below, antenna
36 may be used to transmit interrogation signals to and
receive response signals from patch 4 to obtain identification
information associated with patch 4 and/or patient 14. The
transmitted and received signals may be conducted from and
to control unit 8 via conductors extending along cable 12 and
coupled to antenna 36 via contact points 38A and 38B. As
described above, probe 10 may be a handheld device that
includes control unit 8 within housing 32 of probe 10 and
coupled to antenna 36 via conductors within housing 32.
[0040] Sensor 34 measures values representing one or more
parameters of patient 14. Sensor 34 may be controlled to
sense the parameters after control unit 8 receives valid iden-
tification information (e.g., identification information that is
associated with a patient, has a value within a particular
range, or matches a particular or expected format) from patch
4 as described in detail herein. Sensor 34 may be coupled to a
sensor driver within control unit 8 of monitoring device 6 via
one or more conductors extending along cable 12. Alterna-
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tively, the sensor driver may be included within housing 32 of
probe 10 (e.g., in the case of a cordless, handheld probe) and
coupled to sensor 34 via conductors within housing 32.
[0041] Sensor 34 may be any of a variety of sensors or
combination of different sensors, including an ultrasound
(e.g., Doppler sensor), an optical sensor, an ECG sensor, or a
temperature sensor. In the case of the Doppler sensor, sensor
34 may include an array of transducers to transmit ultrasonic
waves and to receive reflected ultrasonic waves. Some
example Doppler sensors are described in U.S. Patent Pub.
No. 2008/0287800, entitled, “DOPPLER MOTION SEN-
SOR APPARATUS AND METHOD OF USING SAME,”
(referred to herein as the “the Doppler sensor application™)
which was filed May 12, 2009 and which is incorporated
herein by reference for the description of the Doppler sensors
and their operation.

[0042] In the case of the optical sensor, sensor 34 may
include an array of optoelectronic devices that emit optical
signals into the body of patient 14 and detect optical signals
reflected from portions of the body patient 14. The array of
optoelectronic devices may include, for example, an array of
photodiodes, phototransistors, photomultipliers, photoresis-
tors, light emitting diodes, diode lasers, integrated optical
circuits, or other optoelectronic devices or a combination of
different optoelectronic devices. Some example optical sen-
sors are described in U.S. Patent Pub. No. 2008/0275321,
entitled, “OPTICAL SENSOR APPARATUS AND
METHOD OF USING SAME,” (referred to hereinas the “the
optical sensor application”) which was filed May 12, 2008
and which is incorporated herein by reference for the descrip-
tion of the optical sensors and their operation.

[0043] FIG. 4isablock diagram illustrating components of
an example monitoring device 6. Monitoring device 6
includes a processor 40, transceiver 42, antenna 36, sensor
driver 44, sensor 34, memory 46, user interface 48, and power
source 49. The components of monitoring device 6 may be
distributed between control unit 8 and probe 10. In one
example, sensor 34 and antenna 36 may be incorporated
within probe 10 while the rest of the components are incor-
porated within control unit 8. In another example, all the
components of monitoring device 6 may be incorporated
within probe 10.

[0044] Processor 40 controls operation of monitoring
device 6. Processor 40 may include one or more micropro-
cessors, digital signal processors (DSPs), application specific
integrated circuits (ASICs), field-programmable gate arrays
(FPGAs), programmable logic circuitry, or the like, that may
perform various functions and operations, such as those
described herein. Processor 40 may execute computer-read-
able instructions stored within memory 46 to cause one or
more of the components of monitoring device 6 to perform
various functions attributed to those components in this dis-
closure. Memory 46 may include any volatile, non-volatile,
magnetic, optical, or electrical media, such as a random
access memory (RAM), read-only memory (ROM), non-
volatile RAM (NVRAM), static non-volatile RAM (SRAM),
electrically-erasable programmable ROM (EEPROM), flash
memory, or any other computer-readable storage media.
[0045] Processor 40 controls transceiver 42 to generate an
interrogation signal that is transmitted by antenna 36. Proces-
sor 40 may control transceiver 42 to generate and transmit the
interrogation signal upon receiving an input from the user,
such as actuation of a button on probe 10. Alternatively,
processor 40 may control transceiver 42 to generate and trans-
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mit the interrogation signal upon receiving an input from a
sensor, such as a sensor on the distal end of probe 10 that
detects that probe 10 has been placed on or within patch 4.
Transceiver 42 may modulate a carrier signal with a com-
mand requesting identification information from patch 4. In
one example, transceiver 42 may be an RFID transceiver that
generates an RF signal for transmission via antenna 36.
Transceiver 42 may generate RF signals in any of a number of
frequency ranges, including at low frequencies (e.g., less than
135 kHz), medium frequencies (e.g., between 3 and 28 MHz
and particularly 13.5 MHz), ultra high frequencies (UHF)
(e.g.,400-900 MHz), or super high frequencies (e.g., 2.4 GHz
or above). Transceiver 42 also demodulates signals received
via antenna 36, e.g., response signals from patch 4, to decode
the identification information included within the received
signal. Monitoring device 6 may transmit communications to
and receive communications from patch 4 via other commu-
nication techniques, including inductive coupling, capacitive
coupling, electrical coupling, electromagnetic coupling,
magnetic coupling, acoustic coupling, or any other commu-
nicative coupling,

[0046] Processor 40 determines whether the identification
information is valid. In another example, processor 40 may
determine whether the identification information is valid
when the identification information matches a particular for-
mat or has a value within a particular range. In another
example, processor 40 may determine whether the identifi-
cation information is valid when the identification informa-
tion in the response signal is associated with a patient. Pro-
cessor 40 may access a database that associates identification
information with patient information. In some instances, the
database may be stored in memory 46 of monitoring device 6.
In other instances, monitoring device 6 may access the data-
base on aremote computing device, e.g., via wired or wireless
communication. To this end, monitoring device 6 may
include a communication module (not shown) capable of
communicating with the remote computing device. When the
identification information is not associated with a patient,
processor 40 may prompt the user via an output mechanism,
such as a display (e.g., a cathode ray tube (CRT) display, a
liquid crystal display (LCD) or light emitting diode (LED)
display) or speaker, of user interface 48 to enter information
related to patient 14 on which patch 4 is placed. The user may
enter the patient information via an input mechanism, such as
a keypad, a peripheral pointing device, a touch screen, micro-
phone or the like, of user interface 48. Processor 40 may store
the identification information associated with patch 4 and the
patient information entered by the user within memory 46.

[0047] When the identification information is valid (e.g., is
associated with a patient, has a value within a particular
range, or matches a particular or expected format) or after the
user of monitoring device 6 has entered the patient informa-
tion, processor 40 controls sensor driver 44 to sense one or
more parameters of patient 14 using sensor 34. Sensor driver
44 produces a signal to drive sensor 34 to transmit an ultra-
sound signal, an acoustic signal, an optical signal, or other
signal into the body of patient 14. In the case of ultrasound,
sensor driver 44 may drive sensor 34 with a continuous wave
signal or a pulsed wave signal. In instances in which sensor 34
includes an array of elements (e.g., transducers or optoelec-
tric elements), sensor driver 44 may drive different ones of the
elements with different frequency signals. Such a technique is
described in further detail for a Doppler sensor in the Doppler
sensor application referenced above and for an optical sensor
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in the optical sensor application, both of which were incor-
porated above for their respective descriptions of the sensors.

[0048] Processor 40 may also process the signals detected
by sensor 34 to obtain values for the one or more parameters
of patient 14. In the case of the Doppler sensor, processor 40
may estimate velocity of a fluid of interest by directing an
ultrasound signal of ultrasonic energy towards the fluid at a
known angle, measuring the frequency shift of the reflected
ultrasound energy, and then calculating the velocity of the
fluid. The Doppler frequency shift is proportional to the com-
ponent of the velocity vector that is parallel to the ultrasound
signal. The velocity v of the fluid is determined by the fol-
lowing equation:

v=fyc/(2:fcos )

where ¢ is the velocity of sound in blood, fis the frequency of
the ultrasound signal, 6 is the incident angle (i.e., angle
between the ultrasound signal and the velocity vector that is
parallel to the ultrasound signal), and f,is Doppler frequency
shift.

[0049] The Doppler frequency shift may be calculated by a
variety of methods depending on the method of operation of
the transducer(s) of sensor 34. In the case of a continuous
wave Doppler sensor that includes a transducer for transmit-
ting ultrasound signal and a transducer for receiving ultra-
sound signal, the frequency shift is measured directly by
comparing the two signals. In the case of a pulsed wave
Doppler sensor, which has a single transducer for transmit-
ting and receiving ultrasound signals, the Doppler sensor
switches to a receiving mode of operation after transmitting
an ultrasound signal and determines the frequency shift by
comparing phase shifts between subsequently received sig-
nals. A plurality of signals transmitted and received in
sequence are necessary to calculate the phase shifts inthe case
of a pulsed wave Doppler sensor. Well known algorithms,
such as the Kasai or the cross-correlation algorithms, may be
used to obtain the phase shift between the received and trans-
mitted pulses.

[0050] The incident angle (8) or other data characterizing
the relative position of the vessel with respect to sensor 34
may be obtained in various ways. Once obtained, the relative
position data may be stored in memory 46 for future refer-
ence. In one embodiment, the incident angle or other relative
position data may be input by a user. In another embodiment,
the incident angle or other relative position data may be
determined using another sensor, such as the optical sensor
described in the optical sensor application, which is incorpo-
rated herein by reference for its description regarding vessel
detection.

[0051] As described in this disclosure, processor 40 may
require that valid identification information be received from
patch 4 prior to measuring values representative of the one or
more paranieters of patient 14 with sensor 34. In this manner,
the identification information may function to unlock moni-
toring device 6 to measure the values of the parameters of
patient 14. Monitoring device 6 may not permit (e.g., pre-
vents) the sensing of the parameters of patient 14 in the case
of invalid identification information. The amount of user
interaction is reduced by only requiring the user to enter
patient information once, e.g., upon first attaching patch 4 to
patient 14. Moreover, because monitoring device 6 will be
used to sense parameters of a plurality of patients that each
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have a patch, the techniques of this disclosure reduce the
likelihood of erroneously associating the sensed medical data
to the wrong patient.

[0052] The various components of monitoring device 6 are
powered by power source 49. Power source 49 may hold a
limited amount of power, e.g., in the case of a rechargeable or
non-rechargeable battery. Alternatively, power source 49 may
include a power cord or cable that plugs into an alternating
current (AC) source (e.g., a wall outlet) and thus have unlim-
ited power.

[0053] Although FIGS. 1-4 are described in the context of
wireless communicative coupling, e.g., RF, inductive or the
like, the techniques of this disclosure may also utilize elec-
trical coupling. For example, patch 4 and probe 10 may each
include an electrical connector that couple to one another to
electrically couple the medical system to the patch. In this
manner, the electrical connector may communicatively
couple component(s) of monitoring system 6 to integrated
circuit 20 and/or memory 50. The electrical connectors may,
for example, comprise conductive pads located on one or
more of the protrusions 26 and 30 and contact one another
when probe 10 is placed in void 24 of probe 10. Instead of a
conductive pad, the electrical connectors may be conductive
traces that extend around the inner circumference of void 24
and the distal end of probe 10, respectively. Other electrical
connectors are also contemplated. In these examples, moni-
toring device 6 may interrogate patch 4 via the electrical
coupling. Additionally, monitoring device 6 may provides
power to one or more components (e.g., integrated circuit 20)
of patch 4 via the electrical coupling.

[0054] FIG.5is ablock diagram illustrating components of
an example patch 4. Patch 4 includes an integrated circuit 20,
an antenna 22, electrodes 25A and 25B, and a power source
52. Power source 52 provides power to integrated circuit 20 or
any other components of patch 4. Power source 52 may be a
rechargeable or non-rechargeable battery or a power-harvest-
ing device that harvests power from the interrogation signal.
[0055] Integrated circuit 20 includes a memory 50, a timer
54 and a counter 56. Memory 50 stores identification infor-
mation associated with patch 4, patient 14 or both. In one
example, memory 50 may store a unique identification num-
ber associated with patch 4. Memory 50 may store other
information, such as information associated with patient 14,
information received from probe 10 (e.g., information asso-
ciated with probe 10, a user of probe 10, timestamps, or the
like), or information generated by integrated circuit 20.
Memory 50 may include any volatile, non-volatile, magnetic,
optical, or electrical media, such as RAM, ROM, NVRAM,
SRAM, EEPROM, flash memory, or any other computer-
readable storage media. In the example illustrated in FIG. 5,
memory 50 is internal memory of integrated circuit 20. In
other instances, however, memory 50 may be a separate
memory external to integrated circuit 20 or a combination of
internal and external memory.

[0056] In response to receiving an interrogation signal,
integrated circuit 20 causes patch 4 to transmit a response
signal that includes the 1dentification information. Integrated
circuit may also maintain a timer 54 and/or a counter 56.
Timer 54 may track the amount of time that has elapsed since
receiving the first interrogation signal or track the amount of
time between interrogations. Counter 56 may track the num-
ber of times that patch 4 receives an interrogation signal. In
other embodiments, integrated circuit 20 may not maintain
time 54 or counter 56. When integrated circuit does maintain
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timer 54 or counter 56 or maintains some other sort of infor-
mation in addition to the identification information, the
response signal transmitted by patch 4 may include the addi-
tional information. For example, the response signal trans-
mitted by patch 4 may include a current value of timer 54
and/or a current value of counter 56 maintained by integrated
circuit 20.

[0057] Asdescribed above, electrodes 25A and 25B may be
used to sense cardiac electrical activity of patient 14 and
provide the sensed data to integrated circuit 20. Integrated
circuit 20 may include circuitry to process the signals sensed
by electrodes 25A and 25B to measure an electrocardiogram
(ECQG) or other parameter of patient 14. Integrated circuit 20
may store the sensed and/or processed data in memory 50.
Integrated circuit 20 may also convert the sensed and/or pro-
cessed data to a digital signal for transmission to the moni-
toring device 6 via antenna 22.

[0058] FIG. 6is a flow diagram illustrating example opera-
tion of a monitoring device 6 in accordance with one aspect of
this disclosure. Processor 40 of monitoring device 6 controls
transceiver 42 to transmit an interrogation signal via antenna
36 (60). Processor 40 may control transceiver 42 to transmit
the interrogation signal in response to input from a user or in
response to determination that probe 10 has been placed
within patch 4. After sending the interrogation signal, proces-
sor 40 monitors for a response signal from a patch, such as
patch 4 (62).

[0059] When processor 40 does not receive a response sig-
nal within a predetermined period of time (“NO” branch of
block 62), processor 40 determines whether to transmit
another interrogation signal (64). Processor 40 may be con-
figured to continue transmitting interrogation signals for a
particular period of time or may be configured to transmit a
particular number of interrogation signals. To this end, pro-
cessor 40 may maintain an interrogation timer that tracks the
amount of time since the first interrogation signal was trans-
mitted or maintain an interrogation counter that tracks the
number of interrogation signals that have been transmitted.
When processor 40 determines to transmit another interroga-
tion signal, e.g., the interrogation timer has not expired or the
interrogation counter has not reached a threshold value
(“YES” branch of block 64), processor 40 controls trans-
ceiver 42 to transmit another interrogation signal via antenna
36 and monitor for a response signal. When processor 40
determines to not transmit another interrogation signal, e.g.,
the interrogation timer has expired or the interrogation
counter has reached the threshold value (“NO” branch of
block 64), monitoring device 6 does not measure values rep-
resenting the one or more parameters of patient 14.

[0060] When processor 40 does receive a response (“YES”
branch of block 62), processor 40 determines whether iden-
tification information contained in the response is valid (65).
Processor 40 may determine that the identification informa-
tion is valid when the identification information is associated
with a patient, has a value within a particular range, or
matches a particular or expected format. When the identifi-
cation information contained in the response is valid (“YES”
branch of block 65), monitoring device 6 measures values
representing one or more parameters of patient 14 using sen-
sor 34 (68). As described above, sensor 34 may transmit and
receive a plurality of signals (such as ultrasound and or opti-
cal signals) and processor 40 may process the received signals
to estimate the one or more parameters of patient 14.
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[0061] When the identification information contained in
the response is not valid (“NO” branch of block 65), processor
40 notifies a user of monitoring device 6 that no valid identi-
fication information has been detected (66). The notification
to the user of monitoring device 6 may further prompt the user
to enter patient information for the patient on which patch 4 is
affixed. After receiving patient information from the user
(“YES” branch of block 67), monitoring device 6 measures
values representing one or more parameters of patient 14
using sensor 34 (68). When no patient information is received
from the user when prompted (“NO” branch of block 67),
monitoring device 6 does not measure values representing the
one or more parameters (69). In this manner, the identification
information may function to unlock monitoring device 6 to
measure values representing the parameters of patient 14.
[0062] FIG.71is aflow diagram illustrating example opera-
tion of patch 4 in accordance with one aspect of this disclo-
sure. Integrated circuit 20 of patch 4 receives an interrogation
signal from probe 10 via antenna 22 (70). Integrated circuit 20
determines whether the interrogation signal is the first inter-
rogation signal patch 4 has received (72). When integrated
circuit 20 determines that the interrogation signal is the first
interrogation signal patch 4 has received (“YES” branch of
block 72), integrated circuit 20 may initiate a timer (74). The
timer may track the amount of time that has elapsed since
receiving the first interrogation signal or track the amount of
time between interrogations. After initiating the timer or
when integrated circuit 20 determines that the interrogation
signal is not the first interrogation signal patch 4 has received
(“NO” branch of block 72), integrated circuit 20 may incre-
ment a counter that tracks the number of times that patch 4
receives an interrogation signal (76).

[0063] As described above, the interrogation signal from
probe 10 includes a command to retrieve identification infor-
mation. In response to the command in the interrogation
signal, integrated circuit 20 causes patch 4 to transmit a
response signal with the identification information (70). The
response signal may also include a current value of the timer
and/or the counter maintained by integrated circuit 20.
Although in the example of FIG. 7, integrated circuit 20
maintains a timer and a counter, integrated circuit 20 may
maintain the timer without maintaining the counter or main-
tain the counter without maintaining the timer. Additionally,
integrated circuit 20 may track other sorts of information
regarding the interrogation of patch 4, including the amount
of time between interrogations, identification information
associated with the monitoring device 6, identification infor-
mation associated with a user of monitoring device 6, or the
like.

[0064] The techniques described in this disclosure, includ-
ing those attributed to patch 4 and monitoring device 6, may
be implemented, at least in part, in hardware, software, firm-
ware or any combination thereof For example, various
aspects of the techniques may be implemented within one or
more processors, including one or more microprocessors,
DSPs, ASICs, FPGAs, or any other equivalent integrated or
discrete logic circuitry, as well as any combinations of such
components, embodied in programmers, such as physician or
patient programmers, stimulators, or other devices. The term
“processor” may generally refer to any of the foregoing cir-
cuitry, alone or in combination with other circuitry, or any
other equivalent circuitry.

[0065] Such hardware, software, or firmware may be
implemented within the same device or within separate
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devices to support the various operations and functions
described in this disclosure. In addition, any of the described
units, modules or components may be implemented together
or separately as discrete but interoperable logic devices.
Depiction of different features as modules or units is intended
to highlight different functional aspects and does not neces-
sarily imply that such modules or units must be realized by
separate hardware or software components. Rather, function-
ality associated with one or more modules or units may be
performed by separate hardware or software components, or
integrated within common or separate hardware or software
components.

[0066] When implemented in software, the functionality
ascribed to the systems, devices and techniques described in
this disclosure may be embodied as instructions on a com-
puter-readable medium such as RAM, ROM, NVRAM,
SRAM, EEPROM, flash memory, magnetic data storage
media, optical data storage media, or the like. The instruc-
tions may be executed to support one or more aspects of the
functionality described in this disclosure.

[0067] Various examples have been described. These and
other examples are within the scope of the following claims.

1. A monitoring device comprising:

a transceiver;

an antenna coupled to the transceiver;

a sensor driver;

a sensor coupled to the sensor driver; and

aprocessor configured to control the transceiver to transmit

an interrogation signal via the antenna to a patch
attached to a patient to obtain identification information
of the patch, determine whether the identification infor-
mation of the patch is valid, and control the sensor driver
to measure at least one parameter of the patient using the
sensor in response to the identification information
being valid.

2. The monitoring device of claim 1, wherein the processor
1s configured to not permit measurement of the at least one
parameter when the identification information is not valid.

3. The monitoring device of claim 1, wherein the processor
determines whether the identification information of the
patch is associated with the patient and determines the iden-
tification information is valid when the identification infor-
mation is associated with the patient.

4. The monitoring device of claim 3, further comprising a
memory that stores a database that associates identification
information with corresponding patients, wherein the proces-
sor accesses the database to determine whether the identifi-
cation information of the patch is associated with the patient

5. The monitoring device of claim 3, further comprising a
user interface, wherein the processor is configured to prompt
auser of the monitoring device via the user interface when the
identification information is not associated with the patient,
receive patient information from the user via the user inter-
face, and control the sensor driver to measure at least one
parameter of the patient using the sensor upon receiving the
patient information.

6. The monitoring device of claim 1, wherein the processor
determines the identification information is valid when the
identification information matches an expected format or has
a value within a particular range.

7. The monitoring device of claim 1, further comprising a
sensing probe that houses at least the sensor and the antenna,
wherein at least a portion of the sensing probe is configured to
be placed within a void of the patch.
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8. The monitoring device of claim 7, further comprising a
control unit that houses at least the transceiver, the sensor
driver and the processor. wherein the control unit is coupled to
the sensing probe via a cable.

9. The monitoring device of claim 7, wherein the sensing
probe houses the transceiver, the sensor driver and the pro-
Cessor.

10. The monitoring device of claim 1, further comprising a
locking mechanism that is configured to mechanically couple
the monitoring device to the patch.

11. The monitoring device of claim 1, wherein the proces-
sor is configured to transmit information within the interro-
gation signal.

12. The monitoring device of claim 11, wherein the infor-
mation within the interrogation signal includes at least one of
a timestamp indicating a time at which the interrogation sig-
nal was sent, identification information associated with the
monitoring device, identification information associated with
a user of the monitoring device, and information indicating
the type of sensing to be performed.

13. The monitoring device of claim 1, wherein the antenna
comprises a conductor arranged to form one or more loops.

14. The monitoring device of claim 1, wherein the moni-
toring device is configured to monitor at least one hemody-
namic parameter of the patient.

15. The monitoring device of claim 1, wherein the sensor
comprises at least one of an ultrasound sensor, optical sensor,
electrocardiogram sensor, or temperature sensor.

16. A method comprising:

transmitting an interrogation signal from a monitoring

device to a patch attached to a patient;

receiving a response signal that includes identification

information of the patch;

determining whether the identification information of the

patch is valid; and

measuring at least one parameter of the patient in response

to the identification information being valid.

17. The method of claim 16, further comprising preventing
measurement of the at least one parameter when the identifi-
cation information is not valid.

18. The method of claim 16, wherein determining whether
the identification information of the patch is valid comprises:

determining whether the identification information of the

patch is associated with the patient; and

determining that the identification information is valid

when the identification information is associated with
the patient.

19. The method of claim 18, further comprising storing a
database that associates identification information with cor-
responding patients, wherein the determining whether the
identification information of the patch is associated with the
patient comprises accessing the database to determine
whether the identification information of the patch is associ-
ated with the patient.

20. The method of claim 18, further comprising:

prompting a user of the monitoring device via a user inter-

face when the identification information is not associ-
ated with the patient;

receiving patient information from the user via the user

interface; and
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measuring the at least one parameter of the patient upon

receiving the patient information.

21. The method of claim 16, wherein determining whether
the identification information of the patch is valid comprises
determining that the identification information is valid when
the identification information matches an expected format or
has a value within a particular range.

22. The method of claim 16, further comprising construct-
ing a portion of the monitoring device such that the portion of
the monitoring device is configured to be placed withina void
of the patch.

23. The method of claim 16, further comprising mechani-
cally coupling the monitoring device to the patch via a lock-
ing mechanism.

24. The method of claim 16, further comprising transmit-
ting information within the interrogation signal.

25. The method of claim 24, wherein the information
within the interrogation signal includes at least one ofa times-
tamp indicating a time at which the interrogation signal was
sent, identification information associated with the monitor-
ing device, identification information associated with a user
of the monitoring device, and information indicating the type
of sensing to be performed.

26. The method of claim 16, wherein measuring at least one
parameter of the patient comprises measuring at least one
hemodynamic parameter of the patient.

27. The method of claim 16, wherein measuring at least one
parameter of the patient comprises measuring at least one
parameter of the patient using at least one of ultrasound
signals and optical signals.

28. A monitoring device comprising:

means for transmitting an interrogation signal from a

monitoring device to a patch attached to a patient;
means for receiving a response signal that includes identi-
fication information of the patch;

means for determining whether the identification informa-

tion of the patch is valid; and

means for measuring at least one parameter of the patientin

response to the identification information being valid.

29. The monitoring device of claim 28, wherein the mea-
suring means prevert measurement of the at least one param-
eter when the identification information is not valid.

30. The monitoring device of claim 28, means for generat-
ing the interrogation signal to include at least one of a times-
tamp indicating a time at which the interrogation signal was
sent, identification information associated with the monitor-
ing device, identification information associated with a user
of the monitoring device, and information indicating the type
of sensing to be performed.

31. The monitoring device of claim 28, further comprising
means for communicatively coupling the monitoring device
to the patch.

32. The monitoring device of claim 31, wherein the means
for communicatively coupling the monitoring device to the
patch comprises an antenna.

33. The monitoring device of claim 31, wherein the means
for communicatively coupling the monitoring device to the
patch comprises an electrical connector.
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