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(57) ABSTRACT

Systems and methods of monitoring body temperature of a
person disclosed. A signal generated by a temperature probe
is received, the signal responsive to a change in body tem-
perature of a person to whom the temperature probe is
attached. A new temperature reading is generated based on
the signal. The new temperature reading is accepted or
rejected based on the determination.
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SYSTEM AND METHOD FOR MONITORING
BODY TEMPERATURE OF A PERSON

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The following applications disclose certain com-
mon subject matter with the present application: A Vital-
Signs Monitor with Encapsulation Arrangement, docket
number 080624-0612; A Vital-Signs Monitor with Spaced
Electrodes, docket number 080624-0623; A Vital-Signs
Patch Having a Strain Relief, docket number 080624-0624; A
Temperature Probe Suitable for Axillary Reading, docket
number 080624-0625; A System and Method for Storing and
Forwarding Data from a Vital-Signs Monitor, docket number
080624-0627; System and Method for Saving Battery Power
in a Vital Signs Monitor, docket number 080624-0628; A
System and Method for Conserving Battery Power in a
Patient Monitoring System, docket number 080624-0629; A
System and Method for Saving Battery Power in a Patient
Monitoring System, docket number 080624-0630; A System
And Method for Tracking Vital-Signs Monitor Patches,
Docket Number 080624-0631; A System And Method for
Reducing False Alarms Associated with Vital-Signs Monitor-
ing, docket number 080624-0632; A System And Method for
Location Tracking of Patients in a Vital-Signs Monitoring
System, docket number 080624-0633; A System And Method
for Reducing False Alarms Based on Motion and Location
Sensing, docket number 080624-0634; all of the listed appli-
cations filed on

FIELD

[0002] The present disclosure generally relates to systems
and methods of physiological monitoring, and, in particular,
relates to systems and methods for monitoring body tempera-
ture of a person.

DESCRIPTION OF THE RELATED ART

[0003] Some of the most basic indicators of a person’s
health are those physiological measurements that reflect basic
body functions and are commonly referred to as a person’s
“vital signs.” The four measurements commonly considered
to be vital signs are body temperature, pulse rate, blood pres-
sure, and respiratory rate. Some clinicians consider oxygen
saturation (S,,) to be a “fifth vital sign” particularly for pedi-
atric or geriatric cases. Some or all of these measurements
may be performed routinely upon a patient when they arrive
at a healthcare facility, whether it is a routine visit to their
doctor or arrival at an Emergency Room (ER).

[0004] Vital signs are frequently taken by a nurse using
basic tools including a thermometer to measure body tem-
perature, a sphygmomanometer to measure blood pressure,
and a watch to count the number of breaths or the number of
heart beats in a defined period of time which is then converted
to a “per minute” rate. If a patient’s pulse is weak, it may not
be possible to detect a pulse by hand and the nurse may use a
stethoscope to amplify the sound of the patient’s heart beat so
that she can count the beats. Oxygen saturation of the blood is
most easily measured with a pulse oximeter.

[0005] When a patient is admitted to a hospital, it is com-
mon for vital signs to be measured and recorded at regular
intervals during the patient’s stay to monitor their condition.
A typical interval is 4 hours, which leads to the undesirable
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requirement for a nurse to awaken a patient in the middle of
the night to take vital sign measurements.

[0006] When a patient is admitted to an ER, it is common
for a nurse to do a “triage” assessment of the patient’s condi-
tion that will determine how quickly the patient receives
treatment. During busy times in an ER, a patient who does not
appear to have a life-threatening injury may wait for hours
until more-serious cases have been treated. While the patient
may be reassessed at intervals while awaiting treatment, the
patient may not be under observation between these reassess-
ments.

[0007] Measuring certain vital signs is normally intrusive
at best and difficult to do on a continuous basis. Measurement
of body temperature, for example, is commonly done by
placing an oral thermometer under the tongue or placing an
infrared thermometer in the ear canal such that the tympanic
membrane, which shared blood circulation with the brain, is
in the sensor’s field of view. Another method of taking a body
temperature is by placing a thermometer under the arm,
referred to as an “axillary”” measurement as axilla is the Latin
word for armpit. Skin temperature can be measured using a
stick-on strip that may contain panels that change color to
indicate the temperature of the skin below the strip.

[0008] Measurement of respiration is easy for a nurse to do,
but relatively complicated for equipment to achieve. A
method of automatically measuring respiration is to encircle
the upper torso with a flexible band that can detect the physi-
cal expansion of the rib cage when a patient inhales. An
alternate technique is to measure a high-frequency electrical
impedance between two electrodes placed on the torso and
detect the change in impedance created when the lungs fill
with air. The electrodes are typically placed on opposite sides
of one or both lungs, resulting in placement on the front and
back or on the left and right sides of the torso, commonly done
with adhesive electrodes connected by wires or by using a
torso band with multiple electrodes in the strap.

[0009] Measurement of pulse is also relatively easy for a
nurse to do and intrusive for equipment to achieve. A common
automatic method of measuring a pulse is to use an electro-
cardiograph (ECG or EKG) to detect the electrical activity of
the heart. An EKG machine may use 12 electrodes placed at
defined points on the body to detect various signals associated
with the heart function. Another common piece of equipment
is simply called a “heart rate monitor.” Widely sold for use in
exercise and training, heart rate monitors commonly consist
of a torso band, in which are embedded two electrodes held
against the skin and a small electronics package. Such heart
rate monitors can communicate wirelessly to other equipment
such as a small device that is worn like a wristwatch and that
can transfer data wirelessly to a PC.

[0010] Nourses are expected to provide complete care to an
assigned number of patients. The workload of a typical nurse
is increasing, driven by a combination of a continuing short-
age of nurses, an increase in the number of formal procedures
that must be followed, and an expectation of increased docu-
mentation. Replacing the manual measurement and logging
of vital signs with a system that measures and records vital
signs would enable a nurse to spend more time on other
activities and avoid the potential for error that is inherent in
any manual procedure.

SUMMARY

[0011] For some or all of the reasons listed above, there is a
need to be able to continuously monitor patients in different
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settings. In addition, it is desirable for this monitoring to be
done with limited interference with a patient’s mobility or
interfering with their other activities.

[0012] Embodiments of the patient monitoring system dis-
closed herein measure certain vital signs of a patient, which
include respiratory rate, pulse rate, blood pressure, body tem-
perature, and, in some cases, oxygen saturation (S,,), on a
regular basis and compare these measurements to defined
limits.

[0013] In one aspect of the present disclosure, a method of
monitoring body temperature of a person is provided. The
method can comprise receiving a signal generated by a tem-
perature probe, the signal responsive to a change in body
temperature of a person to whom the temperature probe is
attached. The method can further comprise generating a new
temperature readings based on the signal. The method can
further comprise determining whether the new temperature
readings satisfies a set of acceptance conditions. The method
can further comprise accepting or rejecting the new tempera-
ture reading based on the determination.

[0014] In one aspect of the present disclosure, a medical
temperature monitoring system is provided. The system can
comprise a temperature probe configured to generate a signal
responsive to a change in body temperature of a person to
whom the temperature probe is attached. The system can
further comprise an interface circuit coupled to the tempera-
ture probe and configured to generate a new temperature
reading based on the signal. The system can further comprise
a processor in data communication with the interface circuit
and configured to determine whether the new temperature
readings satisfies a set of acceptance conditions, and accept or
reject the new temperature reading based on the determina-
tion.

[0015] In one aspect of the present disclosure, a computer-
readable medium is provided. The medium is encoded with
instructions executable to cause a monitoring apparatus to:
receive a signal generated by a temperature probe, the signal
responsive to a change in body temperature of a person to
whom the temperature probe is attached; generate a new
temperature readings based on the signal; determine whether
the new temperature readings satisfies a set of acceptance
conditions; and accept or reject the new temperature reading
based on the determination.

[0016] Itisunderstood that other configurations of the sub-
ject technology will become readily apparent to those skilled
in the art from the following detailed description, wherein
various configurations of the subject technology are shown
and described by way of illustration. As will be realized, the
subject technology is capable of other and different configu-
rations and its several details are capable of modification in
various other respects, all without departing from the scope of
the subject technology. Accordingly, the drawings and
detailed description are to be regarded as illustrative in nature
and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are included to
provide further understanding and are incorporated in and
constitute a part of this specification, illustrate disclosed
embodiments and together with the description serve to
explain the principles of the disclosed embodiments. In the
drawings:
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[0018] FIG. 1 is a diagram illustrating an exemplary
embodiment of a patient monitoring system according to
certain aspects of the present disclosure.

[0019] FIG. 2A is a perspective view of the vitals sign
monitor patch shown in FIG. 1 according to certain aspects of
the present disclosure.

[0020] FIG. 2B is a cross-sectional view of the vital signs
patch shown in FIGS. 1 and 2A according to certain aspects of
the present disclosure.

[0021] FIG. 2C is a functional block diagram illustrating
exemplary electronic and sensor components of the monitor
patch of FIG. 1 according to certain aspects of the present
disclosure.

[0022] FIG. 3A is a functional schematic diagram of an
embodiment of the bridge according to certain aspects of the
present disclosure.

[0023] FIG. 3B is a functional schematic diagram of an
embodiment of the surveillance server according to certain
aspects of the present disclosure.

[0024] FIG. 4A is a diagram depicting a patient wearing a
temperature monitoring system comprising a monitor patch
and a temperature probe and configured to measure body
temperature of the patient according to certain aspects of the
present disclosure.

[0025] FIG. 4B is a diagram providing an enlarged view of
the temperature monitoring system depicted in FIG. 4A
according to certain aspects of the present disclosure.

[0026] FIG. 4C is a diagram providing an enlarge view of
an alternative monitoring system according to certain aspects
of the present disclosure.

[0027] FIG. 4D is a diagram depicting another alternative
monitoring system according to certain aspects of the present
disclosure.

[0028] FIGS. 5A-D are diagrams depicting some exem-
plary embodiments of the temperature probe depicted in FIG.
4B according to alternative aspects of the present disclosure.
[0029] FIGS. 6A-B are diagrams depicting two tempera-
ture-sensor interface configurations comprising exemplary
temperature probes and sensor interfaces according to alter-
native aspects of the present disclosure.

[0030] FIG. 7 is a graph of a measured temperature reading
versus time for illustrating an exemplary temperature moni-
toring scheme according to certain aspects of the present
disclosure.

[0031] FIG. 8A is diagram depicting a realistic temperature
reading (T) versus time (t) graph associated with a tempera-
ture monitoring system according to certain aspects of the
present disclosure.

[0032] FIG. 8B shows a graph illustrating an exemplary
temperature monitoring algorithm based on certain accep-
tance conditions according to certain aspects of the present
disclosure.

[0033] FIG. 9 is a flowchart illustrating an exemplary pro-
cess associated with the exemplary temperature monitoring
algorithm of FIG. 8B according certain aspects of the present
disclosure.

DETAILED DESCRIPTION

[0034] Periodic monitoring of patients in a hospital is desir-
able at least to ensure that patients do not suffer an un-noticed
sudden deterioration in their condition or a secondary injury
during their stay in the hospital. It is impractical to provide
continuous monitoring by a clinician and cumbersome to
connect sensors to a patient, which are then connected to a
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fixed monitoring instrument by wires. Furthermore, systems
that sound an alarm when the measured value exceeds a
threshold value may sound alarms so often and in situations
that are not truly serious that such alarms are ignored by
clinicians.

[0035] Measuring vital signs is difficult to do on a continu-
ous basis. Accurate measurement of cardiac pulse, for
example, can be done using an electrocardiograph (ECG or
EKQG) to detect the electrical activity of the heart. An EKG
machine may use up to 12 electrodes placed at various points
on the body to detect various signals associated with the
cardiac function. Another common piece of equipment is
termed a “heart rate monitor.” Widely sold for use in exercise
and physical training, heart rate monitors may comprise a
torso band in which are embedded two electrodes held against
the skin and a small electronics package. Such heart rate
monitors can communicate wirelessly to other equipment
such as a small device that is worn like a wristwatch and that
can transfer data wirelessly to a personal computer (PC).
[0036] Monitoring of patients that is referred to as “con-
tinuous™ is frequently periodic, in that measurements are
taken at intervals. In many cases, the process to make a single
measurement takes a certain amount of time, such that even
back-to-back measurements produce values at an interval
equal to the time that it takes to make the measurement. For
the purpose of vital sign measurement, a sequence of repeated
measurements can be considered to be “continuous” when the
vital sign is not likely to change an amount that is of clinical
significance within the interval between measurements. For
example, a measurement of blood pressure every 10 minutes
may be considered “continuous” if it is considered unlikely
that a patient’s blood pressure can change by a clinically
significant amount within 10 minutes. The interval appropri-
ate for measurements to be considered continuous may
depend on a variety of factors including the type of injury or
treatment and the patient’s medical history. Compared to
intervals of 4-8 hours for manual vital sign measurement in a
hospital, measurement intervals of 30 minutes to several
hours may still be considered “continuous.”

[0037] Certain exemplary embodiments of the present dis-
closure include a system that comprises a vital-signs monitor
patch that is attached to the patient, and a bridge that com-
municates with monitor patches and links them to a central
server that processes the data, where the server can send data
and alarms to a hospital system according to algorithms and
protocols defined by the hospital.

[0038] The construction of the vital-signs monitor patch is
described according to certain aspects of the present disclo-
sure. As the patch may be worn continuously for a period of
time that may be several days, as is described in the following
disclosure, it is desirable to encapsulate the components of
the patch such that the patient can bathe or shower and engage
in their normal activities without degradation of the patch
function. An exemplary configuration of the construction of
the patch to provide a hermetically sealed enclosure about the
electronics is disclosed.

[0039] Inthe following detailed description, numerous spe-
cific details are set forth to provide a full understanding of the
present disclosure. It will be apparent, however, to one ordi-
narily skilled in the art that embodiments of the present dis-
closure may be practiced without some of the specific details.
In other instances, well-known structures and techniques
have not been shown in detail so as not to obscure the disclo-
sure.
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[0040] FIG. 1 discloses a vital sign monitoring system
according to certain embodiments of the present disclosure.
The vital sign monitoring system 12 includes vital-signs
monitor patch 20, bridge 40, and surveillance server 60 that
can send messages or interact with peripheral devices exem-
plified by mobile device 90 and workstation 100.

[0041] Monitor patch 20 resembles a large adhesive ban-
dage and is applied to a patient 10 when in use. It is preferable
to apply the monitor patch 20 to the upper chest of the patient
10 although other locations may be appropriate in some cir-
cumstances. Monitor patch 20 incorporates one or more elec-
trodes (not shown) that are in contact with the skin of patient
10 to measure vital signs such as cardiac pulse rate and
respiration rate. Monitor patch 20 also may include other
sensors such as an accelerometer, temperature sensor, or oxy-
gen saturation sensor to measure other characteristics associ-
ated with the patient. These other sensors may be internal to
the monitor patch 20 or external sensors that are operably
connected to the monitor patch 20 via a cable or wireless
connection. Monitor patch 20 also includes a wireless trans-
mitter that can both transmit and receive signals. This trans-
mitter is preferably a short-range, low-power radio frequency
(RF) device operating in one of the unlicensed radio bands.
One band in the United States (US) is, for example, centered
at 915 MHz and designated for industrial, scientific and medi-
cal (ISM) purposes. An example of an equivalent band in the
European Union (EU) is centered at 868 MHz. Other frequen-
cies of operation may be possible dependent upon the Inter-
national Telecommunication Union (ITU), local regulations
and interference from other wireless devices.

[0042] Surveillance server 60 may be a standard or virtual-
ized computer server connected to the hospital communica-
tion network and preferably located in the hospital data center
or computer room, although other locations may be
employed. The server 60 stores and processes signals related
to the operation ofthe patient monitoring system 12 disclosed
herein including the association of individual monitor
patches 20 with patients 10 and measurement signals received
from multiple monitor patches 20. Hence, although only a
single patient 10 and monitor patch 20 are depicted in FIG. 1,
the server 60 is able to monitor the monitor patches 20 for
multiple patients 10.

[0043] Bridge 40 is a device that connects, or “bridges”,
between monitor patch 20 and server 60. Bridge 40 commu-
nicates with monitor patch 20 over communication link 30
operating, in these exemplary embodiments, at approxi-
mately 915 MHz and at a power level that enables communi-
cation link 30 to function up to a distance of approximately 10
meters. It is preferable to place a bridge 40 in each room and
at regular intervals along hallways of the healthcare facility
where it is desired to provide the ability to communicate with
monitor patches 20. Bridge 40 also is able to communicate
with server 60 over network link 50 using any of a variety of
computer communication systems including hardwired and
wireless Ethernet using protocols such as 802.11a/b/g or 802.
3af. As the communication protocols of communication link
30 and network link 50 may be very different, bridge 40
provides data buffering and protocol conversion to enable
bidirectional signal transmission between monitor patch 20
and server 60.

[0044] While the embodiments illustrated by FIG. 1
employ a bridge 20 to provide communication link between
the monitor patch 20 and the server 60, in certain alternative
embodiments, the monitor patch 20 may engage in direct
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wireless communication with the server 60. In such alterna-
tive embodiments, the server 60 itself or a wireless modem
connected to the server 60 may include a wireless communi-
cation system to receive data from the monitor patch 20.

[0045] In use, a monitor patch 20 is applied to a patient 10
by a clinician when it is desirable to continuously monitor
basic vital signs of patient 10 while patient 10 is, in this
embodiment, in a hospital. Monitor patch 20 is intended to
remain attached to patient 10 for an extended period of time,
for example, up to 5 days in certain embodiments, limited by
the battery life of monitor patch 20. In some embodiments,
monitor patch 20 is disposable when removed from patient
10.

[0046] Server 60 executes analytical protocols on the mea-
surement data that it receives from monitor patch 20 and
provides this information to clinicians through external work-
stations 100, preferably personal computers (PCs), laptops,
or smart phones, over the hospital network 70. Server 60 may
also send messages to mobile devices 90, such as cell phones
or pagers, over a mobile device link 80 if a measurement
signal exceeds specified parameters. Mobile device link 80
may include the hospital network 70 and internal or external
wireless communication systems that are capable of sending
messages that can be received by mobile devices 90.

[0047] FIG. 2A is a perspective view of the vital-signs
monitor patch 20 shown in FIG. 1 according to certain aspects
of the present disclosure. In the illustrated embodiment, the
monitor patch 20 includes component carrier 23 comprising a
central segment 21 and side segments 22 on opposing sides of
the central segment 21. In certain embodiments, the central
segment 21 is substantially rigid and includes a circuit assem-
bly (24, FIG. 2B) having electronic components and battery
mounted to a rigid printed circuit board (PCB). The side
segments 22 are flexible and include a flexible conductive
circuit (26, FIG. 2B) that connect the circuit assembly 24 to
electrodes 28 disposed at each end of the monitor patch 20,
with side segment 22 on the right shown as being bent
upwards for purposes of illustration to make one of the elec-
trodes 28 visible in this view.

[0048] FIG. 2B is a cross-sectional view of the vital-signs
patch 20 shown in FIGS. 1 and 2A according to certain
aspects of the present disclosure. The circuit assembly 24 and
flexible conductive circuit 26 described above can be seen
herein. The flexible conductive circuit 26 operably connects
the circuit assembly 24 to the electrodes 28. Top and bottom
layers 23 and 27 form a housing 25 that encapsulate circuit
assembly 28 to provide a water and particulate barrier as well
as mechanical protection. There are sealing areas on layers 23
and 27 that encircles circuit assembly 28 and is visible in the
cross-section view of FIG. 2B as areas 29. Layers 23 and 27
are sealed to each other in this area to form a substantially
hermetic seal. Within the context of certain aspects of the
present disclosure, the term ‘hermetic’ implies that the rate of
transmission of moisture through the seal is substantially the
same as through the material of the layers that are sealed to
each other, and further implies that the size of particulates that
can pass through the seal are below the size that can have a
significant effect on circuit assembly 24. Flexible conductive
circuit 26 passes through portions of sealing areas 29 and the
seal between layers 23 and 27 is maintained by sealing of
layers 23 and 27 to flexible circuit assembly 28. The layers 23
and 27 are thin and flexible, as is the flexible conductive
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circuit 26, allowing the side segment 22 of the monitor patch
20 between the electrodes 28 and the circuit assembly 24 to
bend as shown in FIG. 2A.

[0049] FIG. 2C is a functional block diagram 200 illustrat-
ing exemplary electronic and sensor components of the moni-
tor patch 20 of FIG. 1 according to certain aspects of the
present disclosure. The block diagram 200 shows a process-
ing and sensor interface module 201 and external sensors 232,
234 connected to the module 201. In the illustrated example,
the module 201 includes a processor 202, a wireless trans-
ceiver 207 having a receiver 206 and a transmitter 209, a
memory 210, a first sensor interface 212, a second sensor
interface 214, a third sensor interface 216, and an internal
sensor 236 connected to the third sensor interface 216. The
first and second sensor interfaces 212 and 214 are connected
to the first and second external sensors 232, 234 via first and
second connection ports 222, 224, respectively. In certain
embodiments, some or all of the aforementioned components
of the module 201 and other components are mounted on a
PCB.

[0050] Each of the sensor interfaces 212, 214, 216 can
include one or more electronic components that are config-
ured to generate an excitation signal or provide DC power for
the sensor that the interface is connected to and/or to condi-
tion and digitize a sensor signal from the sensor. For example,
the sensor interface can include a signal generator for gener-
ating an excitation signal or a voltage regulator for providing
power to the sensor. The sensor interface can further include
an amplifier for amplifying a sensor signal from the sensor
and an analog-to-digital converter for digitizing the amplified
sensor signal. The sensor interface can further include a filter
(e.g., a low-pass or bandpass filter) for filtering out spurious
noises (e.g., a 60 Hz noise pickup).

[0051] The processor 202 is configured to send and receive
data (e.g., digitized signal or control data) to and from the
sensor interfaces 212, 214, 216 via a bus 204, which can be
one or more wire traces on the PCB. Although a bus commu-
nication topology is used in this embodiment, some or all
communication between discrete components can also be
implemented as direct links without departing from the scope
of'the present disclosure. For example, the processor 202 may
send data representative of an excitation signal to the sensor
excitation signal generator inside the sensor interface and
receive data representative of the sensor signal from the sen-
sor interface, over either a bus or direct data links between
processor 202 and each of sensor interface 212, 214, and 216.
[0052] The processor 202 is also capable of communication
with the receiver 206 and the transmitter 209 of the wireless
transceiver 207 via the bus 204. For example, the processor
202 using the transmitter and receiver 209, 206 can transmit
and receive data to and from the bridge 40. In certain embodi-
ments, the transmitter 209 includes one or more ofa RF signal
generator (e.g., an oscillator), a modulator (a mixer), and a
transmitting antenna; and the receiver 206 includes a
demodulator (a mixer) and a receiving antenna which may or
may not be the same as the transmitting antenna. In some
embodiments, the transmitter 209 may include a digital-to-
analog converter configured to receive data from the proces-
sor 202 and to generate a base signal; and/or the receiver 206
may include an analog-to-digital converter configured to digi-
tize a demodulated base signal and output a stream of digi-
tized data to the processor 202.

[0053] The processor 202 may include a general-purpose
processor or a specific-purpose processor for executing
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instructions and may further include a memory 219, such as a
volatile or non-volatile memory, for storing data and/or
instructions for software programs. The instructions, which
may be stored in a memory 219 and/or 210, may be executed
by the processor 202 to control and manage the wireless
transceiver 207, the sensor interfaces 212, 214, 216, as well as
provide other communication and processing functions.
[0054] The processor 202 may be a general-purpose micro-
processor, a microcontroller, a Digital Signal Processor
(DSP), an Application Specific Integrated Circuit (ASIC), a
Field Programmable Gate Array (FPGA), a Programmable
Logic Device (PLD), a controller, a state machine, gated
logic, discrete hardware components, or any other suitable
device or a combination of devices that can perform calcula-
tions or other manipulations of information.

[0055] Information, such as program instructions, data rep-
resentative of sensor readings, preset alarm conditions,
threshold limits, may be stored in a computer or processor
readable medium such as a memory internal to the processor
202 (e.g., the memory 219) or a memory external to the
processor 202 (e.g., the memory 210), such as a Random
Access Memory (RAM), a flash memory, a Read Only
Memory (ROM), a Programmable Read-Only Memory
(PROM), an Erasable PROM (EPROM), registers, a hard
disk, a removable disk, or any other suitable storage device.
[0056] In certain embodiments, the internal sensor 236 can
be one or more sensors configured to measure certain prop-
erties of the processing and sensor interface module 201, such
as a board temperature sensor thermally coupled to a PCB. In
other embodiments, the internal sensor 236 can be one or
more sensors configured to measure certain properties of the
patient 10, such as a motion sensor (e.g., an accelerometer)
for measuring the patient’s motion or position with respect to
gravity.

[0057] The external sensors 232, 234 can include sensors
and sensing arrangements that are configured to produce a
signal representative of one or more vital signs of the patient
to which the monitor patch 20 is attached. For example, the
first external sensor 232 can be a set of sensing electrodes that
are affixed to an exterior surface of the monitor patch 20 and
configured to be in contact with the patient for measuring the
patient’s respiratory rate, and the second external sensor 234
can include a temperature sensing element (e.g., a thermo-
couple or a thermistor or resistive thermal device (RTD))
affixed, either directly or via an interposing layer, to skin of
the patient 10 for measuring the patient’s body temperature.
In other embodiments, one or more of the external sensors
232, 234 or one or more additional external sensors can mea-
sure other vital signs of the patient, such as blood pressure,
pulse rate, or oxygen saturation.

[0058] FIG. 3A is a functional block diagram illustrating
exemplary electronic components of bridge 40 of FIG. 1
according to one aspect of the subject disclosure. Bridge 40
includes a processor 310, radio 320 having a receiver 322 and
a transmitter 324, radio 330 having a receiver 332 and a
transmitter 334, memory 340, display 345, and network inter-
face 350 having a wireless interface 352 and a wired interface
354. In some embodiments, some or all of the aforementioned
components of module 300 may be integrated into single
devices or mounted on PCBs.

[0059] Processor 310 is configured to send data to and
receive data from receiver 322 and transmitter 324 of radio
320, receiver 332 and transmitter 334 of radio 330 and wire-
less interface 352 and wired interface 354 of network inter-
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face 350 via bus 314. In certain embodiments, transmitters
324 and 334 may include a radio frequency signal generator
(oscillator), a modulator, and a transmitting antenna, and the
receivers 322 and 332 may include a demodulator and
antenna which may or may not be the same as the transmitting
antenna of the radio. In some embodiments, transmitters 324
and 334 may include a digital-to-analog converter configured
to convert data received from processor 310 and to generate a
base signal, while receivers 322 and 332 may include analog-
to-digital converters configured to convert a demodulated
base signal and sent a digitized data stream to processor 310.

[0060] Processor 310 may include a general-purpose pro-
cessor or a specific-purpose processor for executing instruc-
tions and may further include a memory 312, such as a vola-
tile or non-volatile memory, for storing data and/or
instructions for software programs. The instructions, which
may be stored in memories 312 or 340, may be executed by
the processor 310 to control and manage the transceivers 320,
330, and 350 as well as provide other communication and
processing functions.

[0061] Processor 310 may be a general-purpose micropro-
cessor, a microcontroller, a Digital Signal Processor (DSP),
an Application Specific Integrated Circuit (ASIC), a Field
Programmable Gate Array (FPGA), a Programmable Logic
Device (PLD), a controller, a state machine, gated logic,
discrete hardware components, or any other suitable device or
a combination of devices that can perform calculations or
other manipulations of information.

[0062] Information such as data representative of sensor
readings may be stored in memory 312 internal to processor
310 or in memory 340 external to processor 310 which may
be a Random Access Memory (RAM), flash memory, Read
Only Memory (ROM), Programmable Read Only Memory
(PROM), Erasable Programmable Read Only Memory
(EPROM), registers, a hard disk, a removable disk, a Solid
State Memory (SSD), or any other suitable storage device.

[0063] Memory 312 or340 can also store alist or a database
of established communication links and their corresponding
characteristics (e.g., signal levels) between the bridge 40 and
its related monitor patches 20. In the illustrated example of
FIG. 3A, the memory 340 external to the processor 310
includes such a database 342; alternatively, the memory 312
internal to the processor 310 may include such a database.

[0064] FIG. 3B is a functional block diagram illustrating
exemplary electronic components of server 60 of FIG. 1
according to one aspect of the subject disclosure. Server 60
includes a processor 360, memory 370, display 380, and
network interface 390 having a wireless interface 392 and a
wired interface 394. Processor 360 may include a general-
purpose processor or a specific-purpose processor for execut-
ing instructions and may further include a memory 362, such
as a volatile or non-volatile memory, for storing data and/or
instructions for software programs. The instructions, which
may be stored in memories 362 or 370, may be executed by
the processor 360 to control and manage the wireless and
wired network interfaces 392, 394 as well as provide other
communication and processing functions.

[0065] Processor 360 may be a general-purpose micropro-
cessor, a microcontroller, a Digital Signal Processor (DSP),
an Application Specific Integrated Circuit (ASIC), a Field
Programmable Gate Array (FPGA), a Programmable Logic
Device (PLD), a controller, a state machine, gated logic,
discrete hardware components, or any other suitable device or
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a combination of devices that can perform calculations or
other manipulations of information.

[0066] Information such as data representative of sensor
readings may be stored in memory 362 internal to processor
360 or in memory 370 external to processor 360 which may
be a Random Access Memory (RAM), flash memory, Read
Only Memory (ROM), Programmable Read Only Memory
(PROM), Erasable Programmable Read Only Memory
(EPROM), registers, a hard disk, a removable disk, a Solid
State Memory (SSD), or any other suitable storage device.
[0067] Memory 362 or 370 can also store a database of
communication links and their corresponding characteristics
(e.g., signal levels) between monitor patches 20 and bridges
40. In the illustrated example of FIG. 3B, the memory 370
external to the processor 360 includes such a database 372;
alternatively, the memory 362 internal to the processor 360
may include such a database.

[0068] As indicated above with respect to FIG. 2C, certain
embodiments of the monitor patch 20 are configured to oper-
ate with external sensors that are in turn configured to produce
a signal representative of one or more vital signs of the patient
to whom the monitor patch 20 is attached. For example, the
second external sensor 234 can be a temperature probe that
includes a temperature sensing element (e.g., a thermocouple
or thermistor) affixed, either directly or via an interposing
layer, to skin of the patient 10 for measuring the patient’s
body temperature. FIG. 4A is a diagram depicting a patient 10
wearing a temperature monitoring system 20A comprising a
monitor patch 20 and a temperature probe 400 that is config-
ured to measure body temperature of the patient 10. In the
illustrated example, the temperature probe 400 is configured
for axillary temperature sensing of the patient 10 to whom the
monitor patch 20 is attached. The monitor patch 20 is attached
to the chest 11 of the patient 10, with a sensing portion of the
temperature probe 400 retained in the axilla 12 of the patient
10 during body temperature monitoring.

[0069] FIG. 4B is a diagram providing an enlarged view of
the monitoring system 20A depicted in FIG. 4A according to
certain aspects of the present disclosure. As indicated above,
the monitor patch 20 is attached to the chest 11 of the patient
10 via, e.g., an adhesive backing (not shown). The tempera-
ture probe 400 has a proximal end 401 and a distal end 403
and includes a wiring portion 410, a body connection portion
430B, and a sensing portion 420 disposed between the wiring
and body connection portions 410, 430B. The proximal end
401 of the temperature probe 400 is connected to the monitor
patch 20 at its connection port 22. In certain embodiments, the
proximal end 401 of the temperature probe 400 is removably
attached (e.g., plugged) to the monitor patch 20. In other
embodiments, the proximal end 401 is fixedly attached (e.g.,
epoxied or fused) to the monitor patch 20.

[0070] The sensing portion 420 of the temperature probe
400 is configured for placement within the axilla 12 of the
patient 10 and includes a temperature sensing element (e.g.,
234A-D of FIGS. 5A-D and 234E-F of FIGS. 6A-B). The
wiring portion 410 of the temperature probe 400 includes one
or more electrical conductors (512, 514 of FIGS. 5A-D and
FIGS. 6A-B) for carrying a signal responsive to a change in
body temperature of the patient 10 between the temperature
sensing element 234 and the monitor patch 20. In the illus-
trated example of FIG. 4B, the wiring portion 410 includes a
flexible cable comprising a tubing and electrical conductors
(e.g., apair of twisted copper wires) placed within the tubing.
The wiring portion 410 includes a first coiled section 414 and
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a second coiled section 418. The coiled sections 414, 418
serve a number of functions including, but not limited to,
holding the sensing portion 420 as high as possible in the
axilla 12, accommodating arm movements by reducing the
“sawing” effect of a straight wire moving along its axis when
the patient’s arm is moving, creating a wider surface of con-
tact with the skin, thus increasing patient’s comfort, creating
a contact surface with the skin that does not tend to cause
irritation as much as a straight wire would.

[0071] In the illustrated example, the monitoring system
20A further includes an adhesive element 416 (e.g., a tape)
coupled to the cable between the first and second coiled
sections 414, 418 and configured to attach the wiring portion
410 of the cable to the patient’s body, e.g., at a point between
the chest 11 and the armpit 12 of the patient.

[0072] The body connection portion 430B has one end
connected to the sensing portion 420 and is configured to be
attached to another body portion of the patient 10 such that the
sensing portion 420 of the temperature probe 400 can be
retained within the axilla 12 of the patient 10. In the illustrated
example, such attachment is achieved via an adhesive ele-
ment 426 (e.g., a tape) coupled to the distal end of the body
connection portion 430B. The coupled adhesive element 426
is then attached to a second body portion 13 (e.g., the back of
the patient’s arm) of the patient 10. In the illustrated embodi-
ment of FIG. 4B, the body connection portion 430B includes
an elastic tubing comprising an elastic polymers (elastomers)
such as natural rubber, synthetic polyisoprene, butyl rubber,
and the like. In such embodiments, the adhesive element 426
is attached to the patient’s body while the elastic tubing is in
its stretched state such that the restorative (“pulling”) tensile
force in the stretched tubing helps to hold the temperature
sensing portion 420 in place within the axilla 12 of the patient.
The adhesive elements 416, 426 can be pre-attached adhesive
tabs with a peel-off backing. Alternatively, the adhesive ele-
ments 416, 426 can be pre-attached fixture tab that allow for
the use of a standard medical tape. Openings (holes, slots,
etc.) can be present in both cases to allow skin to breathe. The
adhesive elements 416,426 are preferably positioned atabout
the same vertical level, high enough so both of the stretchable
coiled sections 414, 418 would pull the sensing portion 420
upward.

[0073] FIG. 4C is a diagram providing an enlarged view of
an alternative monitoring system 20B according to certain
aspects of the present disclosure. The monitoring system 20B
is substantially the same as the monitoring system 20A,
except an additional (e.g., third) coiled section 419 is pro-
vided in body connection portion 430C in place of the elastic
tubing 430B. The additional coiled section 419 can provide
all or some of the pulling force such as the one provided by the
elastic tubing in the embodiment of FIG. 4B. The remainder
of'the body connection portion 430C may include an elastic or
inelastic flexible tubing.

[0074] FIG. 4D is a diagram depicting another alternative
monitoring system 20C according to certain aspects of the
present disclosure. The monitoring system 20C includes a
first stretchable component 420, a second stretchable compo-
nent 430, and a third stretchable component 440. The moni-
toring system 20C further comprises adhesive elements
416C, 426C. At least some of the stretchable components
(e.g., 440) include a tubing 442 with a flexible boot 424 at the
end thereof as illustrated by an enlarged view of an end
section 407 of the stretchable component 440. The enlarged
view shows the stretchable component 440 in its unstretched
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state (top) and in its stretched state (bottom). The adhesive
elements 416C, 426C are substantially similar to the adhesive
elements 416, 426 described above with respect to the moni-
toring system 20A. The adhesive element 426C depicted in
the enlarged view include slotted holes that allow skin to
breathe.

[0075] A multitude of modifications and additions to the
illustrated embodiments of FIGS. 4B, 4C and 4D are possible
without departing from the scope of the disclosure. For
example, the body connection portion 430 of the temperature
probe 400 can include one or more coiled sections similar to
the coiled section 414 of the wiring portion 410. Any or all of
the coiled sections 414, 418, 419 in the embodiments of
FIGS. 4B and 4C may be replaced with elastic elements (e.g.,
elastic tubing). The adhesive element 416 may be coupled to
the body connection portion 430 at a point different than the
distal end of the body connection portion 430. In certain
embodiments, entirely different means of attaching the body
connection portion 430 to the patient’s body may be used. For
example, the body connection portion 430 may itself be in the
form of an adhesive tape that can stick to the body of the
patient 10 or may include an elastic loop (e.g., a rubber band)
to be placed around the patient’s arm.

[0076] While the temperature probe 400 in the illustrated
embodiments of FIGS. 4A-C is shown to be operatively
coupled to a vital-sign monitor patch worn by the patient 10,
the temperature probe 400 may be alternatively operatively
coupled to other types of monitoring devices such as a sta-
tionary monitoring unit located near the patient’s hospital
bed. Such a stationary monitoring unit can take readings of
the patient’s body temperature based on a signal from the
temperature probe 400 and send the temperature readings to a
surveillance server via a wired or wireless connection and
make other decisions such as providing an indication of an
alarm condition (e.g., a high body temperature condition or a
loss of thermal contact between the temperature probe and the
patient).

[0077] FIGS. 5A-D are diagrams depicting various exem-
plary embodiments of the temperature probe according to
alternative aspects of the present disclosure. For the purposes
of illustration only, without an intent to limit the scope of the
present disclosure in any way, the embodiments will be
described with references to elements of FIG. 4B. For clarity,
each of the diagrams focuses on a region 500A-D (corre-
sponding to region 500 in FIG. 4B) of the thermocouple 400
where sensing portion 420A-D interfaces with wiring portion
410A-D and body connection portions 430A-D. The figures
are not drawn to scale.

[0078] In the first exemplary embodiment of the tempera-
ture probe 400 depicted in FIG. SA, the wiring portion 410A,
the sensing portion 420A, and the body connection portion
430A comprise a single hollow flexible cable 401A. The
wiring portion 410A of the flexible cable 401 A includes a first
electrical conductor 512 and a second electrical conductor
514. The sensing portion of the flexible cable 401 A houses a
temperature sensing element 234A that is electrically con-
nected to the first and second electrical conductors 512, 514.
The temperature sensing element 234 A is configured to make
thermal contact with the axilla of the patient 10 through the
surrounding flexible cable 401A. In the illustrated example,
the body connection portion 430A of the flexible cable 401 A
is empty inside.

[0079] In the second exemplary embodiment of the tem-
perature probe 400 depicted in FIG. 5B, the wiring portion
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410B comprises a first hollow flexible cable 411B having a
first electrical conductor 512 and a second electrical conduc-
tor 514. The sensing portion 420B includes a temperature
sensing element 234B. In the illustrated example, the tem-
perature sensing element 234B is mechanically connected
(e.g., glued or fused) to an end portion of the first flexible
cable 411B and is electrically connected to the first and sec-
ond electrical conductors 512, 514. The temperature sensing
element 234B is configured to make a direct physical and
thermal contact with the axilla 12 of the patient 10 (i.e., not
through a flexible cable). The body connection portion 430B
comprises a second hollow flexible cable 431B. In the illus-
trated example, the second flexible cable 431B is empty
inside.

[0080] In the third exemplary embodiment of the tempera-
ture probe 400 depicted in FIG. 5C, wiring portion 410C
comprises a first flexible cable 411C having a first electrical
conductor 512 and a second electrical conductor 514. The
sensing portion 420C and body connection portion 430C
comprise a second hollow flexible cable 501C. The second
flexible cable 501C is mechanically connected (e.g., glued or
fused) to an end portion of the first flexible cable 411C. The
sensing portion 420C of the second flexible cable 501C
houses a temperature sensing element 234C that is electri-
cally connected to the first and second electrical conductors
512, 514. The temperature sensing element 234C is config-
ured to make a thermal contact with the axilla of a patient
through the surrounding second flexible cable 501C. The
body connection portion 430C of the second flexible cable
401C is empty inside.

[0081] In the fourth exemplary embodiment of the tem-
perature probe 400 depicted in FIG. 5D, the wiring portion
410D and the sensing portion 420D comprise a first flexible
cable 401D. The wiring portion 410D of the first flexible
cable 401D includes a first electrical conductor 512 and a
second electrical conductor 514. The sensing portion 420D of
the first flexible cable 401D houses a temperature sensing
element 234D. The temperature sensing element 234D is
electrically connected to the first and second electrical con-
ductors 512, 514. The body connection portion 430D com-
prises a flexible tape 432D that is mechanically connected
(e.g., glued or fused) to the sensing portion 420D at the
temperature sensing element 234D and/or an end portion of
the first flexible cable 401D. In certain embodiments, the
flexible tape 432D includes an adhesive section that can be
attached to a body portion (e.g., the back of the patient’s arm)
so as to retain the sensing portion 420D of the temperature
probe 400 within the axilla 12 of the patient 10.

[0082] The above embodiments of FIGS. 5A-5D are exem-
plary only, as other embodiments can be employed without
departing from the scope of the present disclosure. For
example, a modular arrangement in which the cables are snap
connectable with the temperature sensing element can be
employed, as well as other physical configurations.

[0083] FIGS. 6A-B are diagrams depicting two tempera-
ture-sensor interface configurations comprising exemplary
temperature probes 400E, 400F and sensor interfaces 214E,
214F according to alternative aspects of the present disclo-
sure. Each of the temperature probes 400E, 400F comprises
respective wiring portion 410E, 410F and sensing portion
420E, 420F having temperature sensing element 234E, 234F.
Each of the sensor interface circuits 214E, 214F is connected
to the temperature probe 400E, 400F and configured to
receives a sensor signal from the temperature sensing element
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234E, 234F via electrical conductors 512, 514 in the wiring
portion 410E, 410F of the probe 400E, 400F. As described
above with respect to FIG. 2, the sensor interface 214E, 214F
is part of a processing and sensor interface module (e.g., 201)
of a vital-sign monitor patch (e.g., 20). For simplicity, each of
the diagrams shows only a wiring portions 410E, 410F and a
sensing portion 420E, 420F of the temperature probe 400E,
400F. The figures are not drawn to scale.

[0084] In the first exemplary probe-sensor interface con-
figuration depicted in FIG. 6A, the temperature sensing ele-
ment 234E is a thermocouple that comprises a junction 601
between two different metals. The junction 601 produces a
voltage difference related to temperature at the junction 601.
The junction is of dissimilar metals including specific alloys
such as platinum and platinum-rhodium alloy (Type S) or
chromel and alumel (Type K). This embodiment of a thermo-
couple is exemplary only, as other embodiments may be
employed. For example, additional circuits/elements relating
to cold junction compensation may be used. In some embodi-
ments, the temperature sensing element may comprise a resis-
tance temperature detector (RTD) based on platinum.

[0085] A signal representative of the voltage difference
produced at the junction 601 of the thermocouple 234E is
received by the sensor interface 214E via the first and second
electrical conductors 512, 514 in the wiring portion 410E.
The sensor interface 214E includes an amplifier 620E, an
analog-to-digital converter (ADC) 630F and a current source
605. The current source 605 supplies a constant DC current
that flows through the junction and produces a signal repre-
sentative of the voltage difference across the junction. The
signal is received at the minus input of the amplifier 620E.
The received signal is amplified by the amplifier 620E, and
the amplified signal is received by the ADC 630E at input port
632E. The ADC 630E digitizes the amplified signal and pro-
vides a stream of digitized data at output port 634E. The
stream of digitized data is passed to a processor (e.g., 202 of
FIG. 2) for further processing and/or transmission to a sur-
veillance server (e.g., 60 of FIG. 1) viaabride (e.g., 40 of FIG.
1). In certain embodiments, the ADC 630E at its control data
input port 636E receives from the processor a set of control
data that configures one or more functionalities of the ADC
630E including, not limited to, its sampling (digitization) rate
and dynamic range.

[0086] In the second exemplary probe-sensor interface
depicted in FIG. 6B, the temperature sensing element 234F
includes a thermistor 603, a type of resistor whose resistance
varies with temperature. The thermistor 603 can be made
from a material that has a positive temperature coefficient
(PTC) (called a “PTC thermistor”) or from a material that has
a negative temperature coefficient (NTC) (called a “NTC
thermistor™).

[0087] Two electrical contacts 425 ofthe thermistor 603 are
connected to the sensor interface circuit 214F via the first and
second electrical conductors 512, 514 in the wiring portion
410F. The sensor interface circuit 214F includes a Wheat-
stone bridge 610F having three fixed resistors (R1, R2, and
R3), an amplifier 620F, and an analog-to-digital converter
(ADC) 630F. By the connection provided by the first and
second electrical conductors 512, 514, the thermistor 603
functions as a fourth and variable resistor in the Wheatstone
bridge 610F such that the bridge 610F outputs a signal that is
responsive to a change in the resistance of the thermistor 603,
which resistance is in turn responsive to a change in the body
temperature of the patient 10. The signal generated at the
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Wheatstone bridge 610 is received by an amplifier 620F. An
amplified signal at the output of the amplifier 620F is received
by an input port 632F of the ADC 630F. The ADC 630F
digitizes the received signal and provides a stream of digi-
tized data at output port 634F. The stream of digitized data is
passed to a processor (e.g., 202 of FIG. 2) for further process-
ing and/or transmission to a surveillance server (e.g., 60 of
FIG.1). In certain embodiments, the ADC 630F at its control
data input port 636F receives a set of control data that con-
figures one or more functionalities of the ADC 630F includ-
ing, not limited to its sampling (digitization) rate and dynamic
range.

[0088] With references to FIGS. 1,2 and 4A-B, the monitor
patch 20 worn by the patient 10 receives a signal from a
temperature sensing element (e.g., a thermocouple and a ther-
mistor) of the temperature probe 400, the signal responsive to
a change in body temperature of the patient 10. The signal is
amplified and digitized into a stream of data by the sensor
interface circuit 214 as explained above with respect to FIGS.
6A-B. The digitized signal is then received by the processor
202. The processor 202 generates a sequence of temperature
readings based on the digitized signal. The processor 202 is
operatively connected to a wireless communication system
(e.g., the wireless transceiver 207) which transmits data
indicative of the patient’s body temperature to the surveil-
lance server 60 via the bridge 40. In certain embodiments, the
processor 202 performs a number of temperature monitoring
functions on the temperature readings to determine, inter alia,
a high temperature condition and occurrence and loss of
thermal contact between the patient 10 and the temperature
probe 400.

[0089] FIG. 7 is a graph 700 of a measured temperature
reading (T) versus time (t) for illustrating an exemplary tem-
perature monitoring scheme according to certain aspects of
the present disclosure. The graph 700 shows a low tempera-
ture limit (T;) and a high temperature limit (T,) that are used
in the temperature monitoring scheme. For the purposes of
illustration only without an intent to limit the scope of the
present disclosure in any way, the exemplary temperature
monitoring scheme will be described with reference to ele-
ments of FIGS. 4A B. At t=0, a body-probe contact between
the body of the patient 10 and the temperature probe 400 is
made, e.g., by securing the sensing portion 420 of the tem-
perature probe 400 within the axilla 12 of the patient 10. A
processor (the processor 202 of FIG. 2) executing a control
program in the monitoring device (e.g., the monitor patch 20)
can recognize the body-probe contact by a number of differ-
ent ways. For example, the recognition can be achieved from
the temperature reading rising sharply past the low tempera-
ture limit (T, ) at a rate exceeding a first threshold rate of rise
after having been below T, at least once.

[0090] As seen in FIG. 7, the temperature reading rises
from an initial (e.g., open-air) value (T ) at t=t, to an equilib-
rium value (T, ) at t=t, when the temperature sensing element
has reached a thermal equilibrium with the patient’s body.
[0091] Att=t,, the temperature reading begins to rise, indi-
cating that the patient’s body temperature is on the rise. At
t=t;, the temperature reading exceeds the high temperature
limit (T;). When this occurs, the processor executing control
software in the monitoring device can invoke a high tempera-
ture handler routine in the control software and take a number
of predetermined actions. For example, the processor can
cause the transmitter 209 (FIG. 2) to start sending a signal
indicative of the high temperature alarm condition to the
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surveillance server 60 either directly or via the bridge 40. In
response, the surveillance server 60 can send a notification to
a hospital system (e.g., the workstation 100 of FIG. 1). The
monitor patch 20 can also set off an alarm, e.g., at the monitor
patch 20 or at a stand alone monitoring unit or at a hospital
system (e.g., the workstation 100 of FIG. 1), thereby notify-
ing a nurse or other caregiver. The monitor patch 20 can enter
into an alert operation mode from the normal operation mode
and take and transmit the temperature readings (e.g., to the
surveillance server 60) at a faster rate. For instance, the moni-
tor patch 20 can take and transmit the temperature reading
every 10 minutes during the normal operation mode, but does
so every 2 minutes in the alert operation mode. In certain
embodiments, the temperature monitoring scheme utilizes
two high temperature limits (T, and T, where T;,>T,,)
and different sets of predetermined actions are performed
depending on whether the temperature reading has exceeded
only Ty, or both Ty, and T,

[0092] In the illustrated example of FIG. 7, it is assumed
that at t=t,,, a nurse who has been notified of the high tem-
perature condition of the patient 10 has decided to administer
a fever-reducing medication to the patient 10. Responding to
the fever-reducing medication, the patient’s body tempera-
ture reading begins to fall gradually and reach a relatively
stable level below T,.

[0093] However, at t=ts, the body-probe contact is lost due
to, e.g., the patient 10 opening the arm in a manner that causes
the sensing portion 420 of the temperature probe 400 to be
detached from the axilla 12 of the patient 10, or the tempera-
ture probe 400 accidentally falls off the patient’s body. The
loss of body-probe contact causes the temperature reading to
fall towards a lower (e.g., open-air) value at a relatively sharp
rate of decline. In certain embodiments of the temperature
monitoring system 20A, the processor executing control soft-
ware in the monitor patch 20 can detect the loss of body-probe
contact by computing a rate of decline in the sequence of
temperature readings and comparing the computed rate of
decline to a threshold rate of decline. If the rate of decline
exceeds the threshold rate of decline for a predetermined
number of samples (e.g., 1-4), the processor determines that
the body-probe contact has been lost and generates an indi-
cation of the loss of contact. In the illustrated example of FIG.
7, the loss of body-probe contact is detected at t=t,. As can be
seen from FIG. 7, the detection scheme based on the rate of
decline described herein can detect the loss of contact earlier
than a scheme relying on the temperature readings falling
below the low temperature limit (T;). The latter scheme
would not detect the loss of contact until t=t..

[0094] In certain embodiments, an indication of the loss of
contact is wirelessly transmitted to the bridge 40 to be sent to
the surveillance server 60, and the surveillance server 60 then
provides a notification of the loss of contact to a hospital
system (e.g., the workstation 100 of FIG. 1). In other embodi-
ments, in addition or in lieu of the wireless transmission of the
indication, the monitor patch 20 itself may sound an alarm
indicating the loss of contact to the patient 10 or a nurse or
caregiver who is near the patient 10.

[0095] In certain embodiments, the monitor patch 20, after
providing the indication, enters a sleep mode in which no
additional temperature readings are taken. Alternatively, the
monitor patch 20 can continue to take additional temperature
readings to determine whether a new body-probe contact has
been established.
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[0096] FIG.8A isdiagram depicting a realistic temperature
reading (T) versus time (t) graph 800A associated with a
temperature monitoring system (e.g., 20) according to certain
aspects of the present disclosure. The temperature readings
have peaks (e.g., 811, 812) and valleys (e.g., 854, 855). The
up-and-down fluctuations in the temperature readings can be
caused by movements of a patient’s arm (up and down/back
and forth), for example. This is because arm movements can
affect the quality of thermal contact between the sensing
portion 420 of the temperature probe 400 and the axilla 12 of
the patient 10. In general, when the temperature readings are
rising rapidly as between reading 854 and reading 812, the
rise may be attributable to a transition from a relatively poor
thermal contact to a good thermal contact, e.g., by armpit
closing. On the other hand, when the temperature readings are
decreasing rapidly as between reading 853 and reading 854,
the decrease may be attributable to a transition from a rela-
tively good thermal contact to a poor thermal contact caused,
e.g., by armpit opening up or the temperature probe being
detached from the patient 10, thereby partially or fully expos-
ing the sensing portion 420 to ambient air. A reading taken
while the quality of thermal contact is poor is likely to be
inaccurate, and thus it is desirable to identify occurrence of
such a poor thermal contact so that inaccurate readings asso-
ciated with the poor thermal contact may be rejected, and only
valid temperature readings associated with a good thermal
contact are reported, e.g., to the surveillance server 60. In
addition, a prolonged loss of thermal contact may be detected
and reported so that the patient 10 and/or a caregiver can be
alerted. As used herein, the term “poor thermal contact” refers
to partial or complete loss of contact between a temperature
probe and a person to whom the temperature probe is sup-
posed to be attached.
[0097] In certain aspects of the present disclosure, the
monitoring system 20 achieves these objectives by adopting
the following principles:
[0098] 1) Only maximum readings (peaks or plateaus)
are considered as potentially valid readings.
[0099] 2)Temperature readings on a downward slope are
considered to be associated with a poor thermal contact.
[0100] 3)Given an almost impossible rate of decay ofthe
core body temperature (e.g., -2 C/h), any peak or plateau
below this threshold decay rate are rejected.
[0101] Applying these principles, a current (new) tempera-
ture reading (T}, is reported as a new valid temperature
reading and replaces the current maximum temperature read-
ing (T, ) if T,z fulfills at least one of the following accep-
tance conditions:

[0102] Condition 1: Initial stabilization is just com-
pleted;

[0103] Condition 2: (Tyzp~>Tyrix); OF

[0104] Condition 3: (Txzp<T,.ix) AND a peak/plateau

(e.g., a local maximum) is detected AND a gradient
condition, namely, the peak/plateau is at or above a
threshold decay curve representing the threshold decay
rate (e.g., e.g., =2 C/h), is satisfied.
Conversely, if the current temperature reading fails to satisfy
all of these conditions, the reading is considered inaccurate
and rejected, and the monitoring system 20 retains the current
T,,4x as the currently effective temperature reading value.
[0105] FIG. 8B shows a graph 800B graphically illustrating
an exemplary temperature monitoring algorithm based on the
above-enumerated acceptance conditions according to cer-
tain aspects of the present disclosure. FIG. 9 is a flowchart
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illustrating an exemplary process 900 associated with the
exemplary temperature monitoring algorithm of FIG. 8B
according certain aspects of the present disclosure. Indicated
on the graph 800B are peak temperature readings (e.g., in
between 811-819) that satisfy at least one of Conditions 1-3
enumerated above. Lines (straight or curvilinear) 831-839
represent currently effective temperature reading values, e.g.,
the values that the monitoring system 20 considers as the
current axillary temperature of the patient 10. Saw-tooth-
shaped curves 841-849 represent threshold decay curves gen-
erated based on a threshold decay rate (e.g., e.g., -2 C/h)
discussed above with respect to Condition 3.

[0106] The algorithm 900 begins at start state 901 and
proceeds to operation 910 in which a new temperature read-
ing (Tyzp) is generated. By way of example, the T, -read-
ing can be generated by a processor of the monitor patch 20
based on a signal generated by a temperature sensing element
(e.g., 234A-D of FIG. 5A-D) of the temperature probe 400.
As described above, the sensing element can be a thermo-
couple (234E of FIG. 6A), thermistor (234F of FIG. 6B) or
any another temperature transducer configured to generate a
signal responsive to a change in body temperature of a person
to whom the temperature probe 400 is attached.

[0107] The algorithm 900 proceeds to decision state 920 in
which a query is made as to whether an initial stabilization
(e.g., athermal equilibrium) has been completed for the tem-
perature readings, e.g., after an initial attachment of the tem-
perature probe 400 to the patient 10 or after a prolonged loss
of thermal contact. This query is designed to determine
whether the current T, reading satisfies Condition 1, e.g.,
whether the monitoring has gone through or completed its
stabilization phase.

[0108] In certain embodiments, the decision state 920 can
involve, for example, determining whether the current and
recent temperature readings have flattened out after a sharp
increase by monitoring a slope (e.g., derivative) or an average
of slopes of the temperature readings versus time. In other
embodiments, the decision state 920 can involve waiting for a
certain period of time (e.g. 15 minutes) before reporting a
value, even though some peaks or plateaus might be found.
After that stabilization period, the maximum value found will
be reported as the first value. The purpose of the stabilization
period is to reduce chances of having low peaks of tempera-
ture being reported right after system activation because of
the fact that the gradient criterion cannot be applied (gradient
criterion requires an initial value). For example, if a peak is
found after activation, without the gradient criterion to dis-
card it, it would be reported as a valid reading. Waiting 15
minutes and taking the maximum value offers better chances
of starting with a more accurate value. The above examples
illustrate simple stabilization algorithms (e.g., waiting Z min-
utes and taking the maximum peak/plateau value). There can
be different methods of obtaining a first reading such as using
a predictive algorithm.

[0109] Ifanswer to the query a the decision state 920 is NO,
(initial stabilization not completed), the process 900 loops
back to the operation 910 in which another T, reading is
generated. On the other hand, if answer to the query at the
decision state 920 is YES (initial stabilization completed), the
process 900 proceeds to operation 930 in which the new
temperature reading (T ;) 1s reported, and to operation 940
in which the T, reading is assigned to T, . In the illus-
trated example of FIG. 8B, a first temperature reading 851 is
taken at time 801, e.g., after an initial attachment of the
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temperature probe 400 to the patient 10, and an initial stabi-
lization is determined to be completed at reading 811.
[0110] The process 900 then proceeds to operation 950 in
which another T, reading is generated and then to decision
state 960 in which a query is made as to whether the Ty
reading obtained at the operation 950 is larger than the current
maximum temperature reading (T,,, ), which at this point is
equal to the value of the initially-stabilized temperature read-
ing 811. This query is designed to determine whether the
current T,z, reading satisfies Condition 2, namely
Taew”Tarax 1f answer to the query is YES (Trzi>Tarin):
the process 900 loops back to the operations 930 and 940 in
which the current T, reading is reported and assigned to
Torix

[0111] On the other hand, if the answer to the query at the
decision state 960 is NO (Tpzp=T,..x), the process 900
proceeds to decision states 970 in which a first query is made
as to whether the new temperature reading corresponds to a
peak (e.g., local maximum) or a plateau (e.g., relatively flat
region after a local maximum), and, if so, a second query is
made as to whether the peak/plateau satisfies the gradient
condition, namely, whether the peak/plateau is at or above a
corresponding one of the threshold decay curves 841-849
representing the threshold decay rate (e.g., —2 C/h). The first
and second queries of the decision state 970 are designed to
determine whether the current T,,.,,- reading satisfies Condi-
tion 3. In certain embodiments, the first query relating to the
occurrence of a peak/plateau involves obtaining a sequence of
temperature readings and retroactively identifying one of the
readings corresponding to a local maximum. If the first and
second queries of the decision state 970 are both satisfied
(YES), the process 900 loops back to the operations 930 and
940 in which the current T, reading is reported and
assigned to T+

[0112] On the other hand, if at least one of the first and
second queries is not satisfied (NO), the process 900 proceeds
to another decision state 980 in which a query is made as to
whether a maximum duration for the current T, reading
has been exceeded. This query detects a prolonged loss of
thermal contact between the temperature probe 420 and the
axilla 12 of the patient 10. In certain exemplary embodiments,
the maximum duration is preset at a value between about 10
and 30 minutes. If the query at the decision state 980 is NO
(maximum duration not exceeded), the process 900 loops
back to the operation 950 where another temperature reading
is generated and then to decision state 960 and potentially to
decision state 970 where Conditions 2 and 3, respectively, are
checked. The algorithm maintains the current T, reading,
and the monitoring system 20 considers it as the currently
effective temperature reading as indicated by the line 831.
[0113] On the other hand, if the answer to the query at the
decision state 980 is YES (maximum duration exceeded), the
process 900 proceeds to operation 990 in which the loss of
thermal contact is reported (e.g., displayed on hospital system
100) and then back to operations 950, where a next Ty,
reading is taken.

[0114] In the illustrated example of FIG. 8B, temperature
readings (e.g., 852, 853) generated after the reading 811 do
not satisfy the combination of first and second queries of the
decision state 970, and the maximum duration for the current
Ty reading is exceeded at t,. The monitoring system 20 at
or after t, reports the prolonged loss of thermal contact to,
e.g., a database in the surveillance server 60 or the patient 10
and/or nurse/caregiver at operation 990. After the reporting at
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operation 990, the process 900 loops back to the operations
950, where a next T, -reading is taken.

[0115] After determining (e.g., identifying) the initially-
stabilized T, reading 812, the process 900 detects a series
of new peak temperature readings 813-819 that satisfies Con-
dition 2 (813, 817, 819) or Condition 3 (814, 815, 816, 818).
Other T,y readings, such as readings 852, 853, 856, how-
ever, are rejected because they do not satisfy either Condition
2 (Tygp-not greater than the current T,,, 5 815) or Condition
3 (Tygp below the threshold decay curve 845). Valid tem-
perature readings do not always have to be local maxima. For
example, after identifying the reading 812, the algorithm
associated with the process 900 can report a series of readings
between t, and t indicated by the curved line 832 as they
satisfy Condition 2.

[0116] Withreferenceto FIG.2C, certainaspects of various
temperature monitoring algorithms described herein are per-
formed by the processor 202 (FIG. 2C) executing one or more
sequences of one or more instructions using threshold limits
contained in an internal machine-readable medium such as
the internal memory 219 or the memory 210. For example, the
processor 202 can determine the loss of body-probe thermal
contact by executing instructions contained in the internal
memory 202 that involve computation of a rate of decline in
temperature readings and comparison of the rate of decline to
a threshold rate of decline stored in the memory 210 or gen-
eration of a threshold decay curve 841-849 based on a thresh-
old decay rate and comparison of the current T,,,. ;- reading to
the threshold decay curve. The processor 202 may be a micro-
processor, a microcontroller, a digital signal processor (DSP),
or an application specific integrated circuit (ASIC) capable of
executing computer instructions. Such instructions and/or
threshold limits may be read into the memory 219, 210 from
another machine-readable medium, such as a CD, flash
memory, or a wireless transmission. Execution of the
sequences of instructions contained in the memory 219
causes the processor 202 to perform the process steps
described herein. One or more processors in a multi-process-
ing arrangement may also be employed to execute the
sequences of instructions contained in memory 219. In alter-
native embodiments, hard-wired circuitry may be used in
place of or in combination with software instructions to
implement various embodiments. Thus, embodiments are not
limited to any specific combination of hardware circuitry and
software.

[0117] The term “machine-readable medium” as used
herein refers to any medium that participates in providing
instructions to processor 202 for execution or storing results
of or parameters (e.g., variables or constants) for computa-
tions such as for the determination of the occurrence and loss
of thermal contact between the patient’s body and the tem-
perature probe. Such a medium may take many forms, includ-
ing, but not limited to, non-volatile media, volatile media, and
transmission media. Non-volatile media include, for
example, optical or magnetic disks, such as data storage
device. Volatile media include dynamic memory, such as the
memory 210. Transmission media include coaxial cables,
copper wire, and fiber optics, including the wires that com-
prise bus 204. Common forms of machine-readable media
include, for example, floppy disk, a flexible disk, hard disk,
magnetic tape, any other magnetic medium, a CD-ROM,
DVD, any other optical medium, punch cards, paper tape, any
other physical medium with patterns of holes, a RAM, a
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PROM, an EPROM, a FLASH EPROM, any other memory
chip or cartridge, a carrier wave, or any other medium from
which a computer can read.

[0118] Insome embodiments, after the processor 202 pro-
grammatically generates data such as a sequence of tempera-
ture readings or indications of the high temperature condition
or the loss of body-probe contact, such values can be either
temporarily stored in the machine-readable medium such as
the memory 210 until the values are transmitted via the wire-
less transmitter 209. Instructions and/or various threshold
limits (e.g., the threshold rates of rise and decline, the maxi-
mum duration for T, ) used by the temperature monitoring
scheme of the present disclosure may be downloaded into the
memory 210, 219 via wireless transmission from an external
device (e.g., the surveillance server 60 via the bridge 40) via
the receiver 206.

[0119] The foregoing description is provided to enable any
person skilled in the art to practice the various embodiments
described herein. While the foregoing embodiments have
been particularly described with reference to the various fig-
ures and embodiments, it should be understood that these are
for illustration purposes only and should not be taken as
limiting the scope of the claims.

[0120] Theword “exemplary” is used herein to mean “serv-
ing as an example or illustration.” Any aspect or design
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other aspects or
designs.

[0121] A reference to an element in the singular is not
intended to mean “one and only one” unless specifically
stated, but rather “one or more.” The term “some” refers to
one or more. Underlined and/or italicized headings and sub-
headings are used for convenience only, do not limit the
invention, and are not referred to in connection with the
interpretation of the description of the invention. All struc-
tural and functional equivalents to the elements of the various
embodiments of the invention described throughout this dis-
closure that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by
reference and intended to be encompassed by the invention.
Moreover, nothing disclosed herein is intended to be dedi-
cated to the public regardless of whether such disclosure is
explicitly recited in the above description.

What is claimed is:

1. A method of monitoring body temperature of a person,
the method comprising:

receiving a signal generated by a temperature probe, the

signal responsive to a change in body temperature of a
person to whom the temperature probe is attached;
generating a new temperature readings based on the signal;
determining whether the new temperature readings satis-
fies a set of acceptance conditions; and

accepting or rejecting the new temperature reading based

on the determination.

2. The method of claim 1, wherein the new temperature
reading is accepted if at least one of the acceptance conditions
is satisfied.

3. The method of claim 1, wherein the new temperature
reading is rejected if all of the acceptance conditions are not
satisfied.

4. The method of claim 1, wherein the set of acceptance
condition comprises a first condition, the first condition com-
prising completion of an initial stabilization in temperature
readings.
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5. The method of claim 4, wherein the set of acceptance
conditions comprises a second condition, the second condi-
tion comprising the new temperature reading being greater
than a current maximum temperature reading.

6. The method of claim 5, wherein the set of acceptance
conditions further comprises a third condition, the third con-
dition comprising:

the new temperature reading being less than the current

maximum temperature reading;
the new temperature reading being greater than or equal to
a previous temperature reading; and

the new temperature reading having fallen from the current
maximum temperature reading at a rate less than a
threshold decay rate.

7. The method of claim 6, wherein the new temperature
reading is assigned to the current maximum temperature
reading if at least one of the first, second, and third conditions
is satisfied.

8. The method of claim 6, wherein the threshold decay rate
is about 2 Celsius degrees per hour.

9. The method of claim 6, wherein the determining com-
prises generating a threshold decay curve based on the thresh-
old decay rate and determining whether the new temperature
reading is above the threshold decay curve.

10. The method of claim 6 further comprising providing an
indication of the loss of the thermal contact if the third con-
dition is not satisfied for a period longer than a predetermined
maximum duration.

11. The method of claim 10 further comprising monitoring
for anew completion of the initial stabilization in temperature
readings after providing the indication of the loss of the
thermal contact.

12. A medical temperature monitoring system comprising:

atemperature probe configured to generate a signal respon-

sive to a change in body temperature of a person to
whom the temperature probe is attached;

an interface circuit coupled to the temperature probe and

configured to generate a new temperature reading based
on the signal; and
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a processor in data communication with the interface cir-
cuit and configured to:
determine whether the new temperature readings satis-
fies a set of acceptance conditions, and
accept or reject the new temperature reading based on
the determination.

13. The system of claim 12 further comprising a memory
configured to store the set of acceptance conditions, wherein
the processor is further configured to reject the new tempera-
ture reading if all of the acceptance conditions are not satis-
fied.

14. The system of claim 12, wherein the temperature probe
comprises a sensing element configured for placement in an
armpit of the person.

15. The system of claim 14, wherein the sensing element
comprises a thermocouple.

16. The system of claim 14, wherein the sensing element
comprises a thermistor.

17. The system of claim 14, wherein the interface circuit
comprises an amplifier and an analog-to-digital converter.

18. The system of claim 12, wherein the interface circuit
and the processor are part of a vital-sign monitor patch con-
figured to be attached to the person’s body and to monitor one
or more vital signs of the person other than the body tempera-
ture.

19. The system of claim 18, wherein the one or more vital
signs of the person comprise at least one of pulse rate, blood
pressure, and respiratory rate of the person.

20. A computer-readable medium encoded with instruc-
tions executable to cause a monitoring apparatus to:

receive a signal generated by a temperature probe, the

signal responsive to a change in body temperature of a
person to whom the temperature probe is attached;
generate a new temperature readings based on the signal;

determine whether the new temperature readings satisfies a

set of acceptance conditions; and

accept or reject the new temperature reading based on the

determination.
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