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(57) Abstract: Systems and methods of reducing false alarms associated
with a vital-sign monitor are disclosed. One or more data samples of a vi-
tal sign of a patient are generated at a first sampling rate in a normal mode
of operation. Whether the one or more data samples satisfy an alert condi-
tion is determined. An alert mode of operation is entered into if the alert
condition is satisfied. One or more additional data samples of the vital
sign are generated at a second sampling rate higher than the first sampling
rate in the alert mode.
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ASYSTEM AND METHOD FOR REDUCING FALSE ALARMS ASSOCIATED
WITH VITAL-SIGNS MONITORING

{0001} The following applications disclose certain comman subject matter with the present
application: A Vital-Signs Monittor with Encapsulation  Areangement, docket number
080624-0612; A Vital-Signs Monitor with Spaced Electrodes, docket numrber 080624-0623;
A Vial-Signs Puteh Having a Strain Relief, docket number 080624-0624; A Temperature
Probe Suitable for Axillary Reading, dockel mumber 080624-0625; System and Method for
Monitoring Body Temperature of a Person, docket number 080624-0626; A System and
Method for Storing and Forwarding Data from a Vial-Signs Monitor, docket number
080624-0627; & System and Method for Conserving Battery Power in a Patient Monitoring
System, dockel number 080624-0629; A System and Method for Saving Rattery Power in a
Patient Monitoring System, docket number D50624-0630; A System And Method for
Tracking Vital-Signs Monitor Patches, Docket Number 080624-0631; A System And
Method for Location Tracking of Patients in a Vital-Signs Monitoring System, Docket
Number 080624-0633; A System And Metbod for Reducing False Alarms RBased on Motion
and Location Sensing, Docket Number 080624-0634; all of the lisied applications filed on

July 27,2010

Figid

[0002] The present discloswre generally relates to systems and methods of physiological
monitoring, and, in particular, relates {0 systerns and methods for reducing false alarms

associated with a vital-sign monior,

Desenption of the Related Agl

[6063] Some of the most basic indicstors of a person’s bealth are those physiological
measurernents that reflect basic body functions and are commonly referred to as a persen’s

“vital migns.”  The fow measurements commonly considered to he vital signs are body
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temperature, pulse rate, hiood pressuce, and respiratory rate. Most or all of these
measurements are performed routinely upon a patient when they amive al a healthears

1

facility, whether # s a routine visit to their doctor or arrival at an Emergency Room {ER).

{0004} Vital signs are frequently taken by a murse using basic tools including a thermometer
to measure body temperatire, a sphygmomanometer to measure blood pressuwe, and a wateh
to count the pumber of breaths or the number of beart beats in a defined period of time,
typically 10 seconds, which is then converted to a “per munwe” rate. I a patient’s pulse is
wesk, it may not be possible o detect a pulse by hand and the murss may use a stethoscope 1o

amphfy the sound of the patient’s heart beat so that she can count the beats,

{003} When a patient is adoutted to & hospital, it is commaon for vital signs to be measured
and recorded at regular intervals during the patient’s stay to monitor their condition. A
typreal interval is 4 hours, which Jeads 1w the undesirable regquirement for @ nurse to awaken a

patient in the middle of the night to ke vital sign measwrements.

{0006] When a patient is admitted to an ER, # is common for 8 nurse © do a “wriage”
assessment of the patient’s condition that will determine how quickly the patient receives
vextment.  During busy @mes in an ER, a patient who dogs 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 awailing treatmers, the patient may rot be

under ohservation between these reassessments.

[B007] Measuring certain vital signs s normally intrusive al best and difficult 1o do on &
continuous basis. Measurement of body wmperature, 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. Other countries report temperstures made 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 measwred using a stick-on strip that may contain

panels that change color 1o indicate the temperature of the skin below the strip.

frd
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{B008] Measuremest 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 torse with a flexible band that can detect the physical expansion of the rib cage when a
patient inhales. An aliernate technique i3 to measure a high-frequency slectrical wapedance
hetween two electrodes placed on the torso and deteet the change in impedance created when
the fungs fill with air. The clectrodes are typically placed on opposite sides of one or both
lungs, resulting in placement on the front and back or on the lefl and right sides of the torso.
coramonly done with adhesive electrodes conngeted by wires or by using a torso band with

multiple electrodes in the strap.

[0009] Measurement of pulse 18 alse relatively easy for a murse to do and inbusive for
equipment 1o achieve. A common automatic method of measuring s pulse is to use an
electrocardiograph (ECG or BKG) o detect the electrical activity of the heart, BRG
machine may use uap to 10 electrodes placed at defined points on the body 1o detest various
signals ussoviated with the heart function. Another common piece of equipment s simply
called & “heart rate mowior.”  Widely sold for use in exercise asd training, beart rate
monttors conumonly consist of a torso band. in which are embedded two electrades held
against the skin and a small clectronics package. Such beart rate movitors can communicate
wirelessly to other equiprnent such as & small device that is worn like s wrist watch and that

can transfer data wirelessly to a PC.

{0010} Nurses are expected 6 provide complete care to an assigned mumber of patients. The
workload of a typleal nurse is increasing, driven by a combination of g contimung shortage of
mirses, an inpcreuse in the number of formal procedures that must he followed, and an
expectation of increased documentation. Replacing the mansal measurement and logging of
viral signs with a systern that measures and records vital signs would coabls a murse to spend
more time on other activities and avoid the potential for error that is inhersnt in any manual

procedure.

Lk
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SUMMARY

vz

{0811} For some or all of the reasons listed above, there is a need for a hospital 1o be abie 1o
continuously monitor its patients in different settings within the hospital. In additon, it is
destrable for this monitoring 1o be done with Himited interference with a patient’s mobility or

interfering with their other activities.

[0012] Embodinients of the patient meonitoring system disclosed herein measure certain vital-
sign readings of a patient, which include respiratory rate, puise rate, and body temperature,

on a regular basis and compare these measurements (o preset Hmits.

{0013] In addition, certain emnbodiments of the patient monitoring systern disclosed horein
can send alarm notifications to 3 hospital system if the vital-sign readings satisly an alarm
condition. It is desirable to reduce or eliminate false positives in the alarm notifications so as
to avoid unnecessary trips or other actions of a healtheare provider that such false positives

CRY CaUBE.

[8014] In one aspect of the present disclosure, a method of reducing false alarms associated
with a vitalsign momitor is disclosed. The method can conyprise generating one or more data
sampies of a vital sign of a patient at a {irst sampling rate in & normal mode of operation.
The method can further comprise determining whether the one or more data samples satisfies
an alert condition. The method can firther coniprise entering an alert mode of operation if
the slert condition is satisfied.  The method can forther comprise generating one o more
addittonal data samples of the vital sign at a second sampling rate higher thaw the first

sampling rate in the alent mode.

{0015] In one aspect of the presert disclosare, a vital sign monitoring system is disclosed.
The system can comprise a vital-sign monitor configured to monitor one o more vital signs
of a patient. The system can further comprise a surveillance server eonfigured to gather data
relating to the one or more vital signs of the patient Frorn the vital-sign monitor. The vital-
sign monitor can be further configured to generale one or more data samples of a vital sign of
& patient at a first sampling rate in a normal mode of operation, determine whether the one or

miore data samples satisfy an aler? condition, anter an alert mode if the alamm condition is
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satishied, and generate one or move additional data samples of the vita! sign at a second

sampling rate higher than the fiest sampling rate in the alert mode.

JO016] It is understood that other configurations of the subject techaology will becorne
reacily appasrent to those skilied m the art from the following detailed deseription, wherein
various configurations of the subjest technology are shown and described by way of
lustration. As will be realized. the subject techoology s capable of other and different
contigurations and its several details are capable ol modification in various ather respecis, all
without departing from the scope of the subject technology.  Accordingly, the drawings and

detatied description are to be regarded as Hustrative in nature and not as resirictive,

BRIEF DESCRIPTION OF THE DRAWINGS

[BO1T] The accompanying drawings. which are included o provide finther waderstanding
and we mcorporated in and constitwte a part of 1his specification, Hustrale disclosed
embodiments and together with the description serve to explain the prineiples of the

disclosed erbodiments. In the drawings:

[GUT8] FIG. 1 15 & diagram illustrating an exernplary embodiment of a patient monitoring

system according to cerlain aspects of the present disclosure,

{0019 FIG. 2A s a perspective view of the vitals sign monitor patch shown in FIG. |

according (o certain aspects of the present disclosure.

[6028] FIG. 2B 13 & 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 Hustrating exemplary electronic and sensmr
components of the monitor patch of FIG. | according to certain aspects of the present

disclosure.

{0022 FIG. 3A is a functional schematic diagram of an ambediment of the bridge according

to certain aspects of the present disclosure.

L
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[0023] FIG. 3B iy a functional schematic diagram of an embodiment of the surveillance

server according to certain aspects of the present disclosure.

{8024} FIG. 4A is & diagram depicting a patient wearing & temperative monitoring system
comprising & momitor patch and a temperature probe and configured to msesare body

temperatare of the patient according to cortain aspects of the present disclosure.

[B025] FIG. 4B iz a diagram providing an enlarged view of the temperature monitoring

system depicted in FIG. 4A according to centain aspects of the present disclusure,

{0026} FIG.S depicts a graph representing a sertes of data samnples corresponding o a vital
sign of a patient generated by a monitor patch according o certain aspects of the present

diselosure,

[0627] FIG. 6 15 a Aowchart illustrating an exemplary vital-sign monitoring process from the
serspective of a vital-sign monitor paich according to certain aspects of the present
4 P 8 {

disclozure.

8028] FIG. 7 ix a Howchart Hlustrating an exemplary vital-sign monitoring process from the
£ ) b g ¥

perspective of a survaillance server according 1o certain aspects of the present disclosure.

{8029} Continnous menitering of patients in a hospital is desirable at least to ensure that
patients do ot suffer an wrenoticed sudden deterioration in their condition or a secondary
injury uring thelr stay in the hospital. it is impractical to provide contisuous monitoring by
a clinician and cumbersome o connect sensors to a patient, which are then conmected 1o a
fixed monitoring instrument by wires, Furthermore, systems that sound an alarm when the
measured value exceeds a threshold value may sound alams so often and in shations that

are not wruly serfous that such alarms are ignored by chinicians

{8030 Measuring vital signs is difficult to do on 2 continnous basis. Accurate measurement
of cardiac pulse, for example, can be dove ssing an electrocardiograph (RCG ot EXG) to

detect the electrical activity of the heart.  An EKG machine may use up to 19 electrodes



WO 2012/015808 PCT/US2011/045337

placed at various points on the body to detect various signals agsociated with the heart
function.  Another common piees of equipment is termed a “heart rate monitor.” Widely
sold for use in exercise and physical vaining, heart rate monitors may consist of a torso band
in which are embedded two electredes held against the skin and & small cloctronics package.
Such heart rate roonitors can communicate wirclessly to other equipment such as a small
device that is worn Jike a wrist watch that can transfer data wirelessly to i personal conputer

(PC).

f0031] Centain exemplary embodiments of the present disclosure include a system that
comprises a vital-signs momitor pateh that iy attached © the patient, and a bridge that
cominusicates with monitor patches and links them to a central server that processes the data,
where the server also sends data and alarms to the hospital system according to algorithms

and protocols defined by the hospital,

[8032] The construction of the vital-signs monitor patch is described according to certain
aspects of the present disclosure.  As the patch may be worn continuously for a period of
tirne that may be several daye, as is deseribed i the following disclosure, it 1s desirable to
oncapsulate the components of the patch such that the patient can bathe o shower and
engage in their normal activities without degradation of the pateh function.  An exemplary
configuration of the construction of the pateh to provide a hermetically sesled enclosure

about the electronices is disclosed.

[0033] In the following detailed description, namerous specific detatls are set forth to
provide a full understanding of the present disclosure. it will he apparent, however, to one
ordinarily skilled i the art that embodiments of the present disclosure may be practiced
without sove of the specific details.  In other Instances, well-known structares and

technigues have not been shown in detail so as not to obscure the disclosure.

[6034] FIG. 1 diseloses a vital sign monitoring system according to certain crobodiments of
the present disclosure. The vital sign morutoring system 12 ncludes vital-signs monitor
patch 20, budge 40, and surveillance server 50 that can send messages or inleract with

peripheral devices exemplified by mohile device 90 and workstation 100
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[0035] Monitor pateh 20 reserbles a large adbesive bandage and is applied to a patdent 10
when i use. [t is preferable o apply the monitor pateh 20 to the upper chest of the patient
13 although other focations may be appropriate in some circumstances. Monitor patch 20
incorporates one or more electrodes (not shown} that are in contact with the skin of patient 10
to mensure vital signs such as cardise pulse rate and respivation rate. Monitor pateh 20 afso
may melude other sensors such as an accelerometer or a temperature sensar b measwe olher
characteristics associated with the patient. Monitor patch 20 also includes a wireless
transmitier that can both transmit and receive signals. This transmitter is preferably a shon-
range, bow-power radin frequency (RF) device operating in one of the industrial, scientific
and predical {ISM) radic bands, One ISM band in the United States (1S} s, for example,
centered at 915 MMz, An exampie of an equivalent band in the Buropean Union (EU) is
centered at 868 MHz. Other frequencies of operation may be possible dependent upon iocal

regadations and interference from other wiraless devices.

[0036] Surveillance server 60 may be a standard compuier server conniected 1o the hospital
conununication network and preferably located in the hospital data cemter of computar room,
although other locations may be employed. The server 60 stores and processes signads

related to the operation of the patient monitoring system 12 disclosed herein including the
association of individual morgtor patches 20 with patienis 10 and measurement signals
recetved from multiple monitor patches 20, Hence, although only a single patient 10 and
monttor pateh 20 are depicted In FIG. 1, the server 60 is able to monitor the monitor patches

20 for muoluple padents 10,

{037] Bridge 40 is a device that covmects, or “bridges™, between monitor pateh 20 and
server 60, Bridge 40 communicates with monitor pateh 20 over commusication link 30
aperating, in these exemplary embodiments, at approximately 915 Mz and at a power level
that enables communication link 30 to fonction up to a distance of approxinately 3 meters.

1t is preferabie to place a bridge 40 in cach roont and at regular intervals along hallways of

the healtheare facility where it is desived to provide the ability to communicate with munitor
patches 20, Bridge 40 also is able to compumicate with server 60 over network {ink 30 asing

any of a variety of computer communication syslems il‘ﬁ:}uding hardwired and wireless

Ethernet using protocols such as 802, 1a/b/g or 802.3af. As the communication protocols of

[
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cormunication link 30 and network link 30 may be very different, bridge 40 provides daia
buffering and protocol conversion to enable bidivectional signal transmission between

monitor patch 20 and server 60.

[0038] While the embodiments ustrated by FIG. 1 employ a bridge 20 o provide
communication fink between the monitor patch 20 and the server 60, In certain afternalive
embodiments, the monitor patch 20 miy engage in direct wireless conununication with the
server 600 In such altemative embodiments. the server 80 ftself or & wireless modem
comnected to the server 60 may include o wircless communication system to receive data

from the seonitor patch 20,

{0039] In use, a monitor patel: 20 is applied 10 & patient 10 by a clinician when it is desirable
1o continuously monitor basic vital signs of patient 10 while patient 10 is, in this
embodiment, i & hospital. Monitor pateh 20 i¢ intended 1o remasin attached to patient 10 for
an extended geriod of time, for example. up w0 3 days In certain embodiments, Hraited by the
battery life of momitor patch 20, In some embodiments, monitor patch 20 is disposable ahen

semoved from patient §0.

{0048] Scrver 64 executes analytical protocols on the measurement data that # receives from
monitor pateh 20 and provides this information to clinlcians through external workstations
100, preferably personal computers {POs), over the hospital network 70, Server 60 may also
send messages 1o mobile devices 90, such ns cell phones or pagers, over a mobile device link
& it a measurernent signal exceeds specitied parameters. Mobile device link 80 may include
the hospital network 70 and internal or external wireless conununication systerns that are

capable of sending messages that can be received by mohile devices 8¢,

{0041} FIG, 2ZA is a perspective view of the vital-signs monitor paich 20 shown in FIG. 1
according to certain aspects of the present disclosure. In the illustrated embodiment, the
monitor pateir 20 includes component carrier 23 comprising a central segment 21 and side
segmentts 22 on opposing sides of the central segment 21, In certain embodiments, the
central segment 21 15 substanfially nigid and inclodes a circuit assembly (24, FIG. 28) having
electromic components and hatrery mounted to a rigid printed cireuit board (PCB). The side

sepments 22 are flexible and include a fexible conductive civeudt (26, FIG. 2R) that cornect

K
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the cireuit assernbly 24 to elecirodes 28 disposed at each end of the monitor patch 20, with
sice segment 22 on the right shown as heing bent upwards for purposes of illustiation 1o

make one of the glectrodes 28 visible in this view,

J0042] FIG. 2B i3 a cross-sectional view of the vital-signs paich 20 shown in FIGS. 1 and 24
according 1o certain aspects of the present disclosure.  The civenit assembly 24 and flegible
conductive circult 26 described above can be seen herein. The flexible conductive circuit 26
operably connects the cucuit assembly 24 to the elecirodes 28, Top and hottom layers 23
and 27 form a housing 25 that encapsulate circult assembly 28 o provide a water and
particulate barrier as well as mechanical protection. There are sealing areas on lavers 23 and
27 that eacircles clreuit assernbly 28 and is vigible in the cross-section view of FIG. 28 as
arcas 29. Layers 23 and 27 are sealed to each other in this aren to form a substantially
hermetic seal.  Within the context of ceriain aspects of the present disclosure, the torm
“henmetic” implies that the rate of transmission of motsture through the seal is substantially
the same as through the material of the layers that are scaled 1o each other, and further
implies that the size of particulates that can pass through the sead are below the size that can
have a significant effect on civcuit assembly 24, Flexible conductive cireuit 26 passes
through portions of sealing arcas 29 and the seal between layers 23 and 27 is maintained by
sealing of layers 23 and 27 to flexible circuit assembly 28, The lavers 23 and 27 are thin and
flexible, as 15 the flexible conductive circut 26, allowing the side segment 22 of the monitor

pateh 20 between the electrodes 28 and the circuit assembly 24 1o bend as shown in FIG. 24,
i

[0043] FIG. 2C s a functional block diagram 200 Hlustrating exemplary electronic and
sensor components of the monitor patch 20 of FIG. | acenrding to certain aspects of the
present disclosure. The block diagram 200 shows a processing and sensor interface module
201 and external sensors 232, 234 connected to the module 201, In the illustraied example,
the module 201 includes a processor 202, a wircless transceiver 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 consected (o the third sensor
interface 216, The first and sceond sensor interfaces 212 and 214 are connected to the first

and second external sensors 232, 234 via first and second conneetion ports 222, 224,

10
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respectively.  In certain embodisnents, some or all of the aforementioned components of the

modale 201 and other components are mounted on a PCB.

{0044] Fach of the sensor interfaces 212, 214, 216 can include one or more electronic
components that are configured to generate an excitation signal or provide DC power for the
sensor that the interface is connected to andfor to condition and digitize a sensor signal from
the sensor. For example, the sensor interface can include & signal generator for generating an
excitation signat or & voltage regulator for praviding DC powsr to the sensor. The sensor
interface can farther include an amplifier for amplifying a sensor signal from the sensor and
an analog-to-digital converter for digitiziog the amplified sensor signal. The sensor interface
can further include a filter {e.g., a low-pass or bandpsss filter) for filtering out spurious

noises {e.g., a 60Hz noise pickup).

[BO45] The processor 202 is configured o send and recelve dats (eg., digitized signal or
control data) to and from the sensor interfaces 212, 214, 218 via a bus 204, which can be one
or more wire traces on the PCB. Although a bus coranumication topology is used in this
cmbodiment, some or all communication between discrete components can alse be
mmplemented as direct links without departing from the scope of the present disclosuce. For
exarnple, the processor 202 may send data representative of an excitation signal o the sensor
excitation signal generator inside the sensor interface and receive data representative of the
sensow signal from the sensor inferface, over either a bus or dizect data links between

processor 202 and sach of seasoy interface 212, 214, and 2186,

{8046 The processor 202 is also capable of communication with the receiver 206 and the
transmitter 200 of the wireless transceiver 207 via the bus 204, For exanple, the processor
202 using the wansmitler and receiver 209, 206 can transmit and receive data to and from the
bridge 40 In certain embodiments, the ransmitter 209 inchsdes one or more of an R¥ 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 DY OF THAY ROt
be the same as the transmitting antersia.  In some embodiments, the transmitier 209 may
include a digitab-to-analog converter configured to receive data from the processor 202 and fo

goenerate a base signal; andfor the receiver 206 may include an analog-to-digital converter

11
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configured to digitize a demaodidated base signal and output a streany of digitized dat to the

procesanr 202,

{0647] The processor 202 may include & general-purpose processor or @ specific-purpose
processor for evecuting instractions and may further inchude a memory 219, such as a
solatije or non-volatile memory, for storing data and/or instructions for software programs,
The instructions, which may be stored in o memery 219 andfor 2190, may be executed by ihe
prooessor 202 to controt and manage the wireless transceiver 207, the sansor interfaces 212,

214, 216, ax well as provide other conununication and processing functions.

{0048] The processor 202 may he a general-purpose microprocessor. # microconuoler, a
Ihgital Signal Processor (DSP), an Apphication Specific Integrated Clreult (ASICY, a Fisld
Progranwoable Gate Array (FPGA), & Programmable Logic Device (PLDYL a controller, a

state machine, gated logic, discrete hardware components, or any osher suitable deviee or a

corbiration of devices that can perform caleulations or other manipulations of information,

i

0049} Information, such as program mstructions, data representative of sensor reading:

pol

o

preset alarm conditions, threshold fimits, may be stored in a computer or processor readahle
medium such as a memory internal to the processor 202 {e.g., the memory 219) or a rmomory
external 1o the processor 202 {e.g., the memory 210}, such as a Random Access Memory
{RAM), a Hash memory, a Read Only Memory (ROM), a Progravimable Read-Only Memory
(PROM). an Erasable PROM (EPROM), registers, a bard disk, a remwvable disk, or any

other sutiable storage device.

{0054} In certmin embodiments, the ifotermal seaser 236 can be one or more sensors
configured to measure certain properties of the processing and sensor interface module 201,
such as a board temnperature sensor thermaliy coupled 10 8 PCR. 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 a&eelex‘ometer) for measuning the patient’s

motion.

{0051] The external sensors 232, 234 can inchide sensors and sensing arvangements that are

contfigired to produce a signal representative of one or more vital signs of the patient o
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which the monitor patch 20 is attached. For example, the {irst external sensor 232 can be a

set of sensing electrodes that are affixed o an exterior surface of the monitor pateh 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 temperative sensing element {(e.g., a

thermocouple or a thermistor) affixed, either directly or via an intorposing laver, to skin of

the patieat 10 for measuring the patient’s body tomperature.  In other embodiments, one o
9

more of the external sensors 232, 234 or one or more additiomal external sensors can measure

other vital signs of the patient. such as blood pressure and pulse rate.

0052] FIG. 3A is & functional block disgram ilhustrating exemplary electronic components
& B prarn

of bridge 43 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 tansmitter 324, radio 330 having a

receiver 332 and a transmitter 334, memory 340, display 343, and network interface 3356

having a wireless tuterface 352 and a wired interface 354, In some embodiments, some or all

243

of the aforementioned components of module 300 may be integrated into single devices or

mounted on PCRBs.

[053] Processor 310 is conﬁgured e send data to and reccive data from roceiver 322 amid
transmifter 324 of radio 320, receiver 332 and transmitter 334 of radio 330 and wireless
mterface 332 and wired interface 354 of network interface 350 via bus 314, In certain
cmbodiments, transmitiers 324 and 334 may include a radio frequency signal generator
(osciflator), a moduiator, and a Uansmitiag antenna, and the receivers 322 and 332 may
include a demodulator and atenna which may or may not be the same as the transmiting
antenna of the radio. In some embodiments, transmitters 324 and 334 may include a digital-
to-analog converier configured to convert data received from processor 310 and to generate a
base signal, while receivers 322 and 332 may include analog-to-digital converlers configured

o convert & demodulated base signal and sent a digitized data stream 10 processor 310,

{0034] Processoy 310 may include o general-purpose processor or a specific-pupose
processor for executing instructions and may forther inclode a memory 312, such s a
volatile or pon~volatile memory, for storing data andfor instructions for soflware programs.

‘the instructions, which may be stored in memeries 312 or 340, may be executed by the



WO 2012/015808 PCT/US2011/045337

n

processor 310 to control and manage the fransceivers 320, 330, and 350 as well as provide

other communication and processing functions.

[OOSS] Processar 310 may be a generad-purpose microprocessor, a microcontroller, a Digital
Signal Processor (DSP). an Application Specific Integrated Circuil (ASIC), a Field
Programmable Gate Array (FPOA), a Programmable Logic Device {(PLDY), a controller, a
state machine, gated logic, discrete hardware components, or any other saitable device or a

combination of devices that can percform caleulations or other manipulations of information.

{836} Information such ss data representative of sensor readings niay be stored in memary
312 intemal fo processor 310 or in memory 340 external to processor 310 which may be a
Random Access Memory (RAM), flash memory, Read Only Memary (ROM), Programmable
Read Only Memory {(PROM), Erasable Programmable Read Ovoly Memory (EPROM),
regisiers, a hard disk, a removable disk, a Solid State Memory (88D}, or any other suitable

stovage device,

[0057] Memory 312 or 340 can also store a lst or a database of established communication
tinks and their corresponding charaeteristics {¢.g., signal levels) between the bridge 40 and its
velated monitor patehes 20, fn the flhwstrated example of FIG. 34, the memory 340 externad
to the processor 31 includex such a database 342; alternatively, the memory 312 internal to

the processor 110 nay inchude such 2 database,

[0658] FIG. 38 is a functional block diagram illustrating exemplary efectronic components
of server 60 of FIG. 1 according 1o one aspect of the subject disclosure. Server 60 includes &
processor 360, memory 370, display 380, and network interface 390 having & wireless
interface 392 and a wired interface 394, Processor 360 may include a general-purpose
Provessor Or a specific-purpose processor for executing instructions and may further include
a memory 362, such as a volatile or non-volatile memory, for storing data andfor instructions
for software programs. The instructions, which may be stored io memories 362 or 370, may
he executed by the processor 360 to control and manage the wiveless and wired network

interfaces 392, 394 as well as provide other communication and processing functions.

1
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[BO59] Processor 360 ey be a general-purpose microprocessor, a microcontolier, a Digital
Migral Processor {DSP), an Application Specific Integrated Circuit {ASICHL a Field
Progranuneble Gate Armav (FPGA), a Programmable Legic Device {(PLD), a controller, a
state machine, gated logie, discrete hardware components, or any other soitable device or a

combination of devices that can perforns calealations or other masipulations of information.

{0068 Information such as data representative of sensor readings may be stored in TREROTY

302 internal to processor 360 or in memory Y70 externad to processor 360 which may be a
Random Access Memory (RAM), flash memory, Read Only Memory (ROM), Programmable
Read Only Memory (PROM), Eeasable Programunable Read Only Memory (FPROM),
registers, & bard disk, a removable disk, a Solid Swmte Memory (380}, or any other suitable

storage deviee,

[0061] Memory 362 or 370 can also store a datsbase of communication links and their
corresponding characteristics {e.g.. signal levels) hetween monitor patehes 20 and bridges 40,
In the iHustrated example of FIG. 3B, the memaory 370 external to the processor 360 includs

such a database 3721 alternatively, the memory 362 internal 1o the processor 360 may include

such a database,

{0062} As mdicated above with respect 1o FIG. 2C, certain eobodiments of the monitor
patch 20 are configured 1o operate with external sensors that are in turn configured to
produce a signal representative of one or wore vital signs of the patient 0 whom the monitor
pateh 20 is attached.  For example, the second external sensor 234 can bz a temperatuse
probe that includes a tempersture sensing element (eg., a thermocouple or thermision
affixed , either directly or viz an fnterposing layer, to skin of the patient 10 for measuring the
patient’s body temperatre,  FIG. 44 is a diagram depicting a patient 10 wearing a
terpperature monitosing system Z0A cemprising a monitor patch 20 and a temperature probe
400 that is configured o measure body termperature of the patient 1. In the illnstrated
example, the temperature probe 400 is configured for axillary teoperature sensing of the
patient 10 to whem the monitor patch 20 is attached. The monitor paich 20 is attached 1o the
chest 11 of the patient 10, with a sensing portion of the tenperature probe 400 retained in the

axilla 12 of the patient 10 during body temperature monitoring,

o
L4
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{0063} FIG. 4B 15 a diagram providing an enfarged view of the monioring svstem 204
depicted 1 FIG. 44 according o cerlain aspects of the present disclosure.  As indicated
abaeve, the monitor patch 20 s attached (o the chest 11 of the patient 19 via, e.g., an adhesive
backing (pot shown}. The temperature probe 400 has a proximal end 407 and a distal end
0% and inclades & wiring portion 410, a body comnection portion 430, and a sensing portion

420 disposed between the wiving and body connection portinns 419, 430, The proximal end
401 of the temperature probe 400 is convected to the monitor patch 20 &t its conncction port
22, In certain embodiments. the proximal end 401 of the temperature probe 400 js
rempovably atiached {e.p.. plugged) to the monitor paich 20, In other embodiments, the

proximal end 401 15 fixedly attached (e g., epoxied or fused) to the monitor patch 20.

{0064} 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 tenperature
probe 400 includes one or more clectical conductors (312, 514 of FIGS. SA-D and FIGS.
HA-B) for carrying a signal responsive 1o a changs in body termperature of the patient 10
between the temperature sensing element 234 and the monitor patch 20 In the Hustrated
exaraple, the wiring portion 410 includes a flexible cable comprising a tubing and electrical
conductors (e.g.. a pair of twisted copper wires) placed within the tubing. The wiring portion
410 includes a coiled section 414 acting as a spring to take ap any slack in the cable so as 1o
accommodate patients of different sizes. Tn the Hiustrated example, the maonitoring syster
20A farther inchudes an adhesive element 416 (e.g. a tape) coupled 1o the cable and
configured to attach the wiring portion 410 of the cable to the patient’s hody, €.g., at a point

between the chest 11 and the arpit 12 of the patient,

[8065] The body connection portion 430 has ove end connected to the sensing portion 420
and is vonfigured 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
patiert 10, In the ilustrated \*'amﬂie such attachment 15 achieved via an adhesive eleraent
426 {e.g., 2 tape) coupled to the distal end of the body connection portion 430. The coupled
adhesive clement 426 35 then attached to a second body partion 13 {e.g.. the back of the

patient’s arm) of the patiens 10,
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{066] A vadtitude of owdifications and additions to the ilustrated embodiment of FIG. 4B
are possibie without departing from the scope of the disclosure. For example, the body
conpection portion 430 of the temperature probe 400 can inciude one or more coiled sections
acting &s a spring similar to the coiled section 414 of the wiring povtion 410, The adhesive
element 416 may be coupled to the bady connection portion 430 al a point different than the
distal end of the body connection portion 430, In certain embodiments, entirely differnt
means of altaching the body connection portion 430 to the patient’s body may be used.  For
axample, the body connection portion 430 vay itself be in the form of an adhesive tape that
can stick o the body of the patient 10 or may include an elastic foop (e, a rubber hand} to

be placed around the patient’s arm.

{8067 While the wemperative probe 400 in the Hlustrated embodiments of FIGS. 4A-R is
shown to be operatively coupled to a vital-sign monitor pasch wom by the patient 10, the
temperature probe 400 may be aliematively operatively coupled 10 other types of monitoring
devices such as g stationary monitoring unit {ocated near the patient’s hospital bed. Such a
staionary monitoring unit can take readings of the patient’s body femperature based on a
signal Trom the temperasure probe 400 and send the temperature readings © a surveillance
server via a wired or wireless connection and make other decistons such as yl‘tt:r\-'idingan
yhication of an alarm condition (e.g., a high body temperature condition or a loss of thermal

contact between the feraperature probe and the patient).

[H068] An i‘mpomam comeept in the vital-sign monitoring system of the prosent disclosure is
“measurentent {iterval,” or Ssampling rate,” which is an inverse of the measurement interval.
In certasn embodiments, the monitor patch generates data samiples of a vital sign or vital
signs of & patient at @ predetermined measurement interval or sampling rate and transmits the
data samples to a surveillance server, either directly or via a bridge. In some embodiments,
the defaull measurement interval is 10 minutes, providing, for example, about S days of
operation for a disposable monitor pateh. Measurement intervals can be set at the hospital o
care unil level and can be set 1o a value in a range of between about 2 and 30 minutes.
Because vitab-sign measurements and transmissions account for a significam portion of
power consumption for a monitor patch, @ measurement-interval setiing directly impacts the

life expectancy of the monitor patch,
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{0869 In certain embodiments, the moaitoring  systern can dynamically  adjust the
measurament interval (hence the sampling rate) depending on values of the vital sign or vital
signs of interest. For example, under normal patient conditions, the monitor patch generates

data samples at a first (normal) sampling rate. When an alext condition 35 detected (e.g., a
vital-sign value reaching and staying above a threshold limit), the roonitor patch can
sutomatically change from the fivst (normal) sarnpling rate {e.g., every 10 minutes) fo a
second {alert} samphing rate (¢.g., every 2 mimutes). The monitor patch cag alse revert © the
frest {normal} sampling rate when the vital-sign valve returas to & value below the threshold

Lot

{0076 FIG.3 depicts a graph 500 representivig & series of data samples (solid dot)
corresponding to vital-sign values of a patient generated by a monitor patch {e.g., 20 of FIGS
4A and 4B) according to certain aspests of the present disclosure. The vital-sign values can
represent, tor example, body temperature or heant rate of the patient.  The graph 300 shows
two threshold limits: a first threshold Hmit 301 (e “yellow Hmit™) and 2 second threshold
timit 502 {the “red fimit™). The graph SO0 i divided into three repions: a first region 304
corresponding to the monitor pateh 20 operating in a normal mode, a seoond region 306
corresponding o he monitor patch 20 operating in an alent mode, and a third region 308

corresponding to the monitor patch 20 reverting 1o is normal mode of operation.

{0871} FIG. 015 a flowchart illustrating an exeraplary vital-sign monitoring process 500 from
the perspective of & vital-sign monftor patch according to certain aspects of the present
disclosure. For the purposes of iffustration only, without any intertt to limit the scope of the
mesent diselosure in any way, the process 600 will he described with reference to the graph
500 of FYG. 5. The process 600 begins at start siate 601 and proceeds to operation 610 in
which the monitor patch 20 generates & data sample of a vital sign of a patient at a first
{normal) sampling rate (2.g., after a first measurement interval from a previous data sample).
At this stage, the monitor patch 2¢ is assumed to be in a normal mode «f operation 606
corresponding to. e.g., the fust region 804 of FIG. S, In the Hlustrated example, the first
saopling rate is one data sample per every # minuies corresponding to a first (nonmal)
measwement nterval of 8 minutes. In cenatn embodiments, an analog-to~digital converter in

a sensor tterface (.., 212, 214 of FIG, 2C) of the monitor patch 20 converis a sensor si gnal

18
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indicative of a vital sign {v.g., a patient’s respivation, heast beat, or budy tamperawre) into
digital representations of the sensor signal, a processor (e.g., 202 of FI. 1) in the monitor
pateh 20 reads the data samples $11-514, processes them and generates data samples {e.o,
vital-sign values) of the vital sign based on. e.g.. an equation or a lookup tahic stored in &

memary (e, 219, 210 of FIG, 2C).

{072 In certain embodiments, the monitor patch 20 captures multiple readings of the sensor
signal during the normal measurement interval (e.g. & minutes) before generating & data
sampie. For example, the monitor patch 20 can read the sensor signal snough tmes for a
signal processing algorithm coded inte the patch {rmware w identify certain relevant
features of the waveform and to caladate the values. In one exemplary embadiment, the
sensor signal 1s read at 230 sarples per second, and the processor convens (e.g., caleulates
and sverages) the multiple readings {e.g.. 2000 readings) into one data sample at the end of

the normal measurement interval,

{8073] The process 600 procgeds 1o operation 620 in which cach of the data samples 311-514
thus generated is transmitted to a swrveillance server 60 either diveetly or via a bridge. That
i, the ronitor patch transmits the data samples to cither a bridge {e., 40 FIG. 1), which

then wansmits the data sample 1o the server 60 either divectly or via a bridge 40, Such data

samples representing vitab-sign values of a patient may be displayed on a display terminal or
fogged in a database. The momitor pateh s stifl considered to be in the normal mode of

operation 606 at this stage.

HH74] The process 600 proceeds w decision state 630 in which it is determined whether the
geverated data sanple satisfies an alert condition. In the illusirated example of FIG. $, the
alert condition includes une data sample being at or ahove the first tweshold limbi 301, In the
iHustrated example of FIG. 5, data sample 514 has reached the first thweshold limit 514,
thereby satisfying the alert condition. i other embodiments, the alert condition may inclade

2 or more consecotive samples being at or above the first threshold hmit 501,

FO075] I it is determined at the decision state 6380 that the alert condition is not satislied
(No). the process 600 loops back to the operstion 610 where another data sample is

generated.  On the other band, if &t is determined wl the decision staie 430 that the alext

1¢
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condition is satisfied (Yes) as a result of, for example, one or more data samples being at or
above the first threshold limit, the process 600 proceeds to uperation 640 in which a message
mdicative of the alert condition i3 transmitied to the surveillance server 60 sither directly oy

via & bridge 441

{0076] The process 600 then proceeds to operation 65¢ in which a data sample is generatad
at a second {alert) sampling rate {Le, after a second measuwrement nterval from a previous
data sample), where the second sarapling rate is bigher than the fivst sampling rate. Tn the
lustrated exanple of FIG. 3, the second sampling rate is one data sample per every 2
rnintes corresponding to a second (alert) measurement bterval of 2 minutes, At this stage,
the monitor paich 26 is considered 10 be in an alert mode of operation 608 corresponding to,
.., the second region 306 of FIG. 3. In certain embodiments, the monitor patch 20 capturas
multiple readings of the sensor signal during the second measurement interval (e, 2
minutes) and converts the multiple readings into one data sample at the end of the
measuwroment interval.  The process 600 proceeds to operation 660 in which each of data
samples 315-345 thus generated i3 transmitied to ibe surveillanes server 60 either directly or

via a bridge 40 at the second sampling rate.

18077} The process 600 then proceeds w decision state 670 s which it is determined whether
the alert condition that caused the monttor patch to enter the alert mode 608 has ceased to
exist. In certain embodiments, the alert condition is considered 1o have ceased to exist when
the most recent data samples of the vital sign are less than the first theeshold limiy 301
consecutively for a predetermined number (e.g. 1-20) of thmes. For example, in the
sllustrated example of FIG. 5, dala smnples 536-345 have fallen below the [irst threshold
Hout 501 snd remain consceutively so for 10 Umes.  Assuming that the predetermined

number is 10, the monitor patch deternines that the alert condition has ceasad w0 exist,

[OO78] 11115 determined at the decision state 670 that the alert condition sf} exists (No), the
process 600 proceeds to the operation 630 where a next data sample is generated and then to
the operation 660 where the next data sample is ransmited to the surveillance server. On
the other hand, if W is deigvmined af the decision state 670 that the alert condition has censed

to exsst {(Yes), the process 600 exits the alert mode 608 and proceeds to operation 680 in
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which a message indicative of the cessation of the alert condidon iv tansmitted to the
surveillance server either direetly or via a bridge and then back o the operation 610 in the
nomnal mode 606 (corresponding 1o the third region 508 of FIG. 5), where data samples are

again generated at the first sampling rate starting with data sample 546,

[0079] F1G. 718 a flowchart illustrating an excraplary vital-sign monitoring process 700 fron
the perapective of a surveillance server {e.g., 60 of FIG. 1) accarding to certain aspeets of the
present disclosure. For the purposes of ilustration only, without any intent to fimis the scope
of the present disclosure in any way, the process 700 will be described with references 1o the
graph 580 ot FIG. 5 and the process 600 of FIG. 6. The process 700 begine at stast state 701
and proceeds w0 operation 710 in which u data sample from the vital-sign monitor patch 20
seferenved above with respect to FIG. 6 is received. Without loss of generality, it is assumed
that the datz sample was sent while the monitor patch 20 was in the normal mode of
operaticn 606, Therefore, at this peint in the process, such data samples are received at the
first (normaly sampling rate. The surveillance scrver 60 may, in some embodiments. send the
data samples 1o a hospital system (e.g., 100 of FIG. 1) 1o be displayed on & display terminal

or logged in a database,

{8088 The process 700 proceeds to decision state 710 in which & is determined whether the
surveillance server bas received a message indisative of the lert condition sem from the
mositor patch 20 as discussed above with respect to the operation 640 of FIG. 6. I il is
deternuned st the decision state 710 that such a message bas not been received by the
surveillanve server {(Noj, the process 700 loops back to the operation 710 where the

surveillance server 60 walts for and veceives another data sample from the monitor patch 20.

{0081} On the other hand, i it s determined at the decision state 720 that such a messa age has
been veceived by the surveillance server 60 { Yes), the process 700 proceads to operation 730
in which the swrveillance server 60 waits for and receives a next daw sample from the
vronitor pateh 20 at the second (alert) sampling rate and then to decision state 740 in which it
ts determuned whether one or more maost recently received data samples including the present
data sample satisty an alarm condition. In certain embodiments, the alarm condition includes

the set of data samples having been at or above a threshiold Hmit (e g, the first threghold limit
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501 of FIG. 5} and rising consecutively for a predetermined number of times, For example, a

processor in the surveillance server 60 can perforsa such an alarm condition determination.

{H682] 1T it 35 deternuned at the decision state 740 thut the alarm condition has been satisfied,
the process 70U proceeds to operation 745 in which an alwm notification is sent to the
hospital system {e.g., 100 of FIG. 1) In the illustrated example of FIG. 5, a first alarm
notifseation 1s sent to the hospital system upon receiving data samaple 517, which comesponds
to & fifth consecitively rising data sample afler the vital sign has reached the first threshold
Lot 301, Subsequenily, a second alarm noufication is sent o the hospital systews upon
receiving data sample 523, which corresponds w a second consecutively rising data sample

after the second {e.g., danger) threshold Hmit 302 has been veached, In certain embodiments,
after an atarm notification is sent afler reaching a threshold limit, a current data sample is
compared 1o & previously notiffed datz sample (data sample at which a previous alarm
notification was sent), and a new alarm notfication is sent if a difference between the curcent
data sample and the previously notified data sample exceeds a certain threshold difference
value. In the tHustrated example, hased on this algorithm, a third alaroy sotification is sent o
the hospital system upon receiving data sample 326 because the differcnce between the data
sample 526 and the proviously notified data sample 523 has exceeded a threshold difference

value {e.g., 12},

[0083] Therefore, in certain algorithmic embodiments of the present disclosure, an alarm
potiftcation is sent when a current data sample exceeds a threshold high Humit {e.g., 301, 302)

and satisfies one of the fellowing “high™ conditions:

1} The current data sample corresponds to X consecutively rising data saople alter

initially crossing the threshold high mit

23 A difference between the current data sample and a previously notitied data sample

has exceeded a certain threshold difference value.

The fivst high condition can server the purpose of providing an alarm notification indicative

of & srossing of the threshiold bigh hnut (warning or danger). The second high condition cam

]

po
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seeve the purpose of providing an alarm notification indicative of a progressively worsening

condition {e.g., rapidly nising temperature).

[0084] The bospital system may use the received notification, for example, to cause a nurse
or doctor responsible for the patient to either monitor the progress of the condition in case of
the first and second alarm notifications or to take cortain actions {e.g.. aduinisteri ng of a

fever-reducing medication) in case of the third alarm notification.

JOUSS] The above-deseribed algorithiic embodiments related to sending of an alurm
notification whin the current data sample exceeds a Uwesheld high limit {e.g., 301, 502). . In
other ernbodiments, an alarm notification can be sent when the current data sample is below a
low threshold limit {eg, a {iest or second threshold limit) and satisfied one or more

addittonal low conditions, examples of which include:

1) The current data saniple corresponds to Y5 consecutively falling data samiple after

initlally erossing the low threshold lhmit.

23 A difference between a previously notfied data sample and the current data sample

has exceeded a certain threshold difference value.

Similar te the kigh conditions described above, the first low condition can serve the purpose
of providing an alarm notification indicative of crossing of a threshold limit {warning or
danger). The second low condition can serve the purpose of providing an alarm notification

wdhicative of a progressively worsening conditton (e.g., rapidly falling hesrt vate).
f=y - Lo A L0 o ol

[0086] While the alamm votification algovithms have been deseribed with respect o g
partieniay vital-sign raeasurand, either an increase or decrease of any or al} of multiple vital-
sigres that the monitor pateh 20 is configured to monitor can cause an alarm notification to be
sent.  For example, assuming that & monitor patch 20 is configured to monitor thres vita)
signs (2.2, heart yate, respivatory rate, and temperature), tere can be 12 threshald fimits (two

high hrais and two fow liraits for each of the three vital signs).

{0087} Om the other hand, 10 it is determined af the decision staie 740 that the one or more

recently received data samples do not sansfy an alarm condition (No), the procsss 700

I b
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prevends to deciston state 750 in which it is deterined whether the monitor patch 20 is still
in the alert mode. o certain embodiments, this determination involves checking to determing
H a message indicative of the cessation of the alert condition such as the one discussed above
with respect to the operation 680 of FIG, 6 was received from the monitor pateh 20, In other
embodimenis, this detenmination involves the surveillance server 60 applying the same
critena a3 the momtor patch 20 to the reccived data samples to deternsae whether the alert
condition has ceased to exist.  For example, the swrveillance server can independently
determune that the received data samples 536-543 bave been below the first threshold Himit

S01 for 10 conseculive mes.

{0088] 11 it 15 determined at the decision state 750 that the moniior paich has ceased to be in
the alert mode (No), the process 700 loops back to the combination of operation 710 and
decision state 720 where the surveillance server 60 receives more data samaples at the first
{normal) sampling rate and walls for a message ndicative of another alert condition. On the
other hand, if 3t iy determined at the decision state 730 that the monttor pateh 20 is stll in the

alert condition (Yes), the process 700 loops back to the operation 734 where the surveillance
server 60 receives another data sample from the monitor paich 20 and then w the decision
state 740 where the surveillance sorver 60 determives whether the alarn condition has beer

satisfied.

{00R%} The processes 600 and 700 desenibed above are for ilustration only, and a multitude
of additions, deletions, and modifications thersto are possible without departing from: the
scope of the present disclosure. For example, in certaln altemative embodiments, & separate
message indicative of the alert condition is not sent to the surveillance server as in the
operation 640 of FIG. 6. Instead, the alert condition is indicated in the transmission of the

data sample in the alert mode 608 at the operation 660, Similaly, a separate message
indicative of the cessation of the alent condition may not be sent 1o the surveillance server as
in the operation 680 of FIG. 6. Tostead, the surveillance server can determine the cessation
either from appiying the criteria of the decision state 670 to the received data samples as
discussed above or from an indication of the cessation included in the transmission of the
received data samples. In some aliernative embodiments, the surveillance server does not

requite: & series of received samples to be consecutively rising as well as at or above a

3
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threshold i for a predetermined number of times before sending the alert notification to
the hospital system. As applied to the iHlostrased sxample of FIG. 5. in such an altermative
embodiment, a fourth alarm potification would have been sent 1o the bospital system upon

receiving data sample 330

[0090] One skilled i the ant would understand in view of the present disclosure that various
systems and methads deseribed above with respect to FIGS. 57 provide a number of
important benefits to the vitalsign monitoring system of the present disclosure.  For
exampie, besause a monitor pateh 20 worn by u patient performs the highly power-
consumptive dat acquisition and transmission operations relatively infrequentty while vital-
sign values of the patient are norvoal {e.g., in the normal mode 606) and frequently only when
the \fita}usign values are abnormal (e.g., in the alert mode 608}, the monitor paich 20 can
exhibit significantly higher life-expectancy.  Furthermore, from the porspective of a
surveiliance server 00, because daia samples are received from the monitor patch 20
relatively infrequently while the patient’s vital signs are normal, a significant reduction in the

server’s reseurces {&.g. processing time and memory space’ ¢an accrue,

0091} In addition, the systemes and mothods provide for filiering out medically insignificam
k p & & It &

events that can otherwise frigger alarm notifications {o the healthcare provider, thereby

causing the provider to make unnecessary trips to the patient, for exarmaple. For instance. an
clectineal noise or movement of the patient may produce a short-tived spike (1 or 2 samples)
1w the measuresients, but an influence of such a spike would be ignored by the alarm
conchtion determination algorithro in the surveiliance server 80, The aforementioned benefits
can be obtained without sacrificiug the response time of the monitoring systen. For instance,
in the illustrated example of FIG. 5, whenever vital sign values excecd a threshold Himit (g,
301, 502}, the vital-sign values can be displayed on a display terminal of the hospital system
{e.g.. 100 of F1G. 1) with a delay no longer than 2 mimstes. Parther, the time necessary for
the values to be displayed on the display terminal is independent of the time necessary to

tranarnit alarm potifications to the hospital system.

{0092} Certain aspects of the alernt condition determination and the dvnamic measurement

tterval adjustment described heretn can be performed by the processor 202 (FIG. 20

IR
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executing one or more sequences of one or more instructions using threshold Hmits andfor
alert conditions conlained i an intermal muchine-readable medium such as the internal
memory 219 or the memory 210, For exsunple, the processor 202 can determine that one or
more vital-sign readings exceed the first threshold Bmit 501 and switch from a normal mods
to an alert mode and change the sampling wate from a first rate to 8 second rate higher than
the first rate. The processor 202 can also revert to the nomal mode operation of the vital-
sign readings return betow the first threshold fimit 501 and change the sampling rate from the

second rate 1o the first rate.

0893} The processor 202 may be a microprocessor, a microcontroller, a digital signal
processor (TSR], or an application specific integraled circuit {ASIQ) capable of executing
compuler instractions. Such instructions, threshold limits, and alert conditions may be read
it the memory 219, 218 from another machine-readable medinm, such as a CD, flash
A0y, OF & wireless iansmission, Execution of the sequences of instructions contained in
the memory 219 causes the processor 202 to perform the process steps {e.g., of FIG. 6)
deseribed herein, One or more processors i a muli-processing arrangement may alse be
employed to execute the sequences of instructions contained 1n memory 219, In altemative
embodinents, hard-wired cirewitry may be used in place of or in combination with sofiware
instructions 10 imploment various embodiments,  Thus, embodiments are aot Himited o any

spesific combination of hardware circuityy and software.

[0084] Certain aspects of the alarm condition determination described herein can be
performed by the processor 310 (FIG. 3) executing one or more sequences of one or more
instructions using threshold Himits and alarm conditions contained in an internal machine-
readable medium such as the intermal merory 312 or the memory 340, For example, the
provessor 310 can determine that one or more vital-sign readings excesd the first threshold
Himit 301 consecutively for a preset number of times and send a alanm notification.  The
processor 314 can also send the alann notification wore frequently if one or more vital-sign

readings exceed the second threshold {imit 502,

0095] The processor 310 may be a general-purpose MICTODIOCESSOr, & microcontroller, a
3 g i 2

Digital Signal Processor (DSP), an Application Specific Integrated Cirenit {ASIC), a Field

26
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Programwmable Gate Army (FPGA) a Programmable Logic Device (PLD}, a conwraller, a
state machine, gated logie, discrele hardware components, or any other suitable device or a

comnbination of devices that can perform caleulations or other manipulations of information.

{96} Instructions, threshold limits, and alarm conditions may he read into the memary 312
340 from another machine-readable medive such as & CD, flash memory, or a wirsless
transmission.  Bxeawtion of the sequences of nstructions contained in the memory 312

causes the processor 310 to perform the process steps {eg, of FIG. 7} deseribed hepgin, One

OF IO Processnts in a nuil-processing arrangement way also be emploved to exceute the
sequences of instructions containad in memory 312, o alernative embodiments, hard-wired

cireuitty may be used in place of oy in combination with sofiware instructions to fmplement
various embodiments,  Thus, embodiments are not limited 1o any specific corbination of

hardware cireuitry and software.

[8097] The term “machine-readable medium™ as used herein refers 1o any medium that
participates in providing instructions 10 processor 202, 310 for exeeution or storing resalts of
or parameters (2.4, variables or constants) for computations such as for the alert condition
determination and the dyvamic measurement interval adjustroent by the processer 202 and
the alarmi condition determination by the processor 310 Such a medinm may take many
forms, including, but not timited to. por-volatile media, volatife media, and transmission
media. Non-volatile media include, for example, optical or nagnetic disks, such as daia
stovage device.  Volatife media include dynamic memory, such as the memory 210
Transmission media inchude coaxial cables, copper wire, and {iber optics, including the wires
that comprise bus 204, Common forms of machine-readable media include, for example,

foppy disk, # flexible disk, bard disk, magnetic tape, any other magnetic medium, a CD-
ROM, DVD, any other optical medium, punch cards, paper tape, any other physical mediurn
with patterns of holes, a RAM, a PROM, an EPROM, a FLASH EPROM, any other memaory

chip or cartridge, a carrier wave, or any other medium from which a computer can read.

{0098] The foregoing description 15 provided to enable any pesson skilled in the ant w
praclice (he various embodiments deseribed herein, While the foregoing embodiments have

been particalarly described with reference to the various figures and embodiments, it should
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he understood that these are for iflustration purposes only and should not be taken as Himiting

the scope of the claims.

{0099} The word “exemplary™ is used herein 1o mean “serving as an exanple or ilustration.”

Any aspect or design deseribed hereln as “sxempk not necessartdy o be construed as

o

v

i

preferred or advantageous over other aspects or designs.

j(36100] A reference to an clement in the singubar is not intended (o mean “one and
ouly one” unless specifically stated, but rather “one or mare.” The term “some” refers to ove
or mote.  Underlined andfor italicized headings and subheadings are used for convenience
anly, do net limit the invention, and are not referved to in connection with the interpretation
of the description of the invention. Al structural and functional equivalents to the elements
of the varnious embodiments of the invention deseribed throughout this disclosure that are
krivwn or later come 10 be known o those of ordinary skill in the ant are expressly
incorporated  berein by reference and intended to be encompassed by the iavention.
Moreover, nothing disclosed herein is intended to be dedicated to the public regardless of

whether such disclosure is explicitly recited in the above deseription.

Q0101 All elements, parts and steps described herein are preferably included. s to
be understood that any of these clements, parts and steps may be replaced by other elements,

parts and steps or deleted altogether as will ke obvious to those skilled in the art.

jO0162] The person skilfed in the art will understand that the method steps mentioned
in this description may he carried it by hardware including but not Himited to processors;
nput devices comprising st Jeast keyboards, mouse, scaoners, cameras; cutput devices
comprising at least monitors, printers. The methosdt steps are to be carved out with the
appropriate devices when needed. For example, a decision step could be carried out by a
decision-making wnit in a processor by implementing a decision algosithm. The person
skilled in the ant will understand that this decision-making unit can exist physically or
effectively, for example in a computer’s processor when carrying out the aforesaid decision

algorithm. The above analysis is to be applied to other steps deseribed herein,
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CONCEPTS
{00163 This writing has disclosed at least the following concepis.

Coneept 1. A method of reducing false alarms assoctated with vital-sign monitoring, the

method comprising:

generating one or piore data samples of a vital sign of a patient at a Frst sampling
rate in a normal mode of operation;

determining whether the one or more data samples satisfy an alert condition

catering an alert mode of operation i the alert condition is satisfied; and

generating ane of more additonad data sarnples of the vital sign at a second

by

sampling rate higher than the first sampling rate in the alert mode.

Coneept 2. The method of Concept |, wherein the alert condition comprises the one ar more
data samples having a parameter value being equal 10 or greater than a first threshold linit of

that parameter.

Coneept 3. The method of Concept Z, wherein the entering comprises switching from the
normal made to the alert mode when the one or miore data samples are equal 1o or greater

than the first threshoeld Himit a predetermined number of tmes.

Concept 4. The method of Concept 2 further comprising switching from the alert mode to the
normal mode when the one or meore data samples are less than the first threshold Bmit for a

predetermined nomber of times.

Coneept & The method of Concept 1 Auther comprising sending the one or more dats

o

sarapies fo a surveillance server at the first sampling rate in the normal mods.

Concept 6. The method of Concept 1 further comprising sending the one or more additional

data samples to a survertfance server at the second sampling rate in the alert mode,

Concept 7. The method of Concept 1, wherein the steps of Concept 1 are performed by a

processor in a vital-sign monitor paich.

[
o
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Concept 8. A vital sign monitoring system, comprising:

a vital-sign monitor configured to monitor one or move visal signs of a patient; and
& survetllance server configured to gather data relating o the one or move vital signs
of the patient from the vital-sign monitor,
wherein the vitat-sign monitor is forther configured to;
generate ohe or move data samples of & vital sign of a patient & a st
sampling rate in a normal mode of operation:
deterune whether the one or more data samples satisfy an alert condition;
enter an alert mode i the alarm condivon s satisfied; and
genergte one or more additional data samples of the vital sign at a second

sarnpling rate higher than the first sampling rate in the alert mode,

Loncept 9. The system of Concept 8, wherein the vital-sign nonitor is a vital-sign monitor

paich.

Concept 10. The system of Coscept 8, wherein the one or move vital-signs melude at least

one of body temperanwe, puise tate, blood pressure, and respiratony rate.

Concept 11, The system of Concept 8, wherein the alert condition esmprises the one or more
data samples baving a parameter value being equal 10 or greater than a first threshoid limit of

that parameter vadue.

Concept 12, The system of Concepr 11, wherein the vital-sign monitor is configured to
switch from the normal mode to the aler! mode when the one or more data samples are equal

to or greater than the fust threshold mit conseawtively for a first number of times.

Concept 13, The system of Coneept 11, wherein the vital-sign monitor is configured to
switeh from the alert mode to the normal mode when the one or more additional data samiples

are less than the first threshold Hindt consecutively for a second nusaber of times.

Concept 14, The systern of Concept 8. wherein the vital-sign monitor is further configured to
provide the one or more dats samples to the surveiliance server at the first saapling rate in

the normal mode and af the second sampling rate in the alert mode.
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Concept 15, The systent of Concept 14 further comprising a bridge configured 10 provide a

conunumication connectiom between the vital-sign monitor angd the surveillance server.

Conoept 16, The sysiem of Congept 14, wherein the surveillance server is further configured

EIN

determine whether @ series of data samples of the vital sign sent from the vital-sign
monttor at the second sampling rate satisfy an alarm condition; and

provide an alarar notification to a hospital system if the alarmi condition is satisfied.

Concept 17. The system of Concept 16, wherein the alarm condition comprises the series of

data samples sent from the vital-sign monitor being equal to or greater than a first thresheld

limit consecutively for & thisd number of times.

Comeept 18, The system of Coneept 16, wherein the alarm condition comprises the series of
data samples sent [rom the vital-sign monitor at the second sampling rate being equal to or
1

greater than @ second threshold Himit highar than the fiest threshold limit consecutively for &

fourth nusnber of times.

Concept 19, The systera of Concept 16, wherein the alarmn condition comprises the series of
data saraples sent from the vital-sign monitor at the second sampling rate rising at a rate

higher than a threshold rate.

Coneept 20. The system of Coneept 16, wherein the surveillance server is further configured
to send at least somwe of the series of duta samples to the hospital systent to be displayed at a

display terminal.

Concept 21. The system of Concept 16, wherein the alarm condition comprises a difference
between a current data sample and a data sample &t which a previous slam notification was

sent exceeding a threshold difference vakue,

Concept 22. The system of Concept 16, wherein the alarm condition comprises the series of
data samples sent from the vital-sign monitor being equal 1o or less than a third theeshold

limit consccutively for a fourth number of times.

L
i
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WHAT S CLAMED IS:

i A method of reducing faise alarms associated with vital-sign monitoring, the method
comprising:
generating one or more data saraples of a vital sign of a patient at & first sampling
rate 1n a normal mode of operation;
determinmng whether the one or more data samples satisfy an alert condition;
endering an alert mode of operation if the alevt condition is satisfiad; and
generating one or more additional data samples of the vital sign at a second

sampling rate higher than the first sampling rate in the alert mode.

2. The method of Claim §, wherein the alert condition comprises the one or reore data
samples having a parameter value being equal to or greater than a first threshold ois of that

parameter.

3 The method of Claim 2, wherein the entering cornprises switching from the normal
made to the alert mode when the one or more data samples are equal 1o or greater than the

first theeshold lamit & predetermined number of times,

4. The method of Claim 2 further comprising switching from the alert mode to the
aormad mode when the one or more data samples are Joss than the first threshold lmit for a

predetermined number of dmes.

3 The method of Claim 1 further comprising sending the one or more data samples (o a

surveillance server at the first sampling rate in the normal mode,

6. The method of Claim 1 further comprising sending the one or more additional data

samaples 1o a surveitlance server at the second sampling rate In the alert mode.

7. The method of Claim |, whercin the steps of Claim | are performed by a processor in

a vital-sign monitor pateh.

it
2
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A vital sign moniwring system, comprising:
a vital-sign monitor configared 0 monitor one or more vital signs of a patient; and
a surveillance server configured to gather data relating to the one or move vital signs
of the patierd from the vital-sign monitor,
wherein the vital-sign monitor is further configured to:
generate one or nwre data samples of a vital sign of a parient av a first
sampling vate in g normal mode of operation;
determine whether the one or more data samples satsfy an alert condition;
enter an alert mode if the alarm condition is satisfied; and
generate one or more additiona! data samples of the vital sign st a sccond

sampling rate higher than the first sampling rate 10 the alert mode.

9. The system of Clairs B, wherein the vital-sign monitor is a vital-sign montor patch,
Hh The system of Ctaim 8. wherein the one or more vital-signs include at Jeast one of

body temperature, pulse rate, blood pressure, and respivatory rate,

Th. The system of Claim 8, wherein the alert condition corprises the one or more data
sarnples having a parmmeter value being equal to or greater than a fivss threshold Umit of that

parameter value

iZ. The systewn of Claing 11, wherein the vital-sign monitor 1e configured to switch from
the normal mode 10 the alert mode when the one or more data samples are egual to or greater

than the first threshold Himit consecutively for a first mumber of thnes.

13 The system of Claim 11, wherein the vital-sign monitor is configured 1o switch from
the alert mode to the normal mode when the one or more additional data samples are less

than the first threshold Hmit consecutively for a second number of times.

14 ‘The system of Claim 8, wherein the vital-sign monitor is further configured 1o
provide the one or more data samples {0 the surveillance server at the first ssmpling rate in

the normal made and at the second sampling rate in the alert mode.

L
sed



WO 2012/015808 PCT/US2011/045337

15, The system of Clalm 14 further comprising a bridge contigured 1o provide a

communication connection between the vital-sign monitor and the surveillance server.

16, The systentof Claire 14, whereln the surveiflance server is further configured to
determine whether a senies of dala samples of the vital sign sent from the vital-sign
monitor at the second sampling rate satisty an alarm condition; and

provide an alarm notification to a hospital systesny if the alarm condition is satisfied.

V7. The system of Claim 16, wherain the alarm condition comprises the series of data
sampdes sent from the vital-sign monier being equal to or greater than a first threshold Hit

consecutively for & third number of times.

18. The systemn of Claim 16, wherein the alarm condition comprises the series of data
sarnples sent from the vital-sign monitor at the second sampling rate being squal to or greater
than a second threshold limit lugher than the first threshold limit consecutively for a fowth

nwmber of 1mes.

19, The system of Claim 16, wherein the alarm condition comprises the series of data
samples sent from the vital-sign mouitor at the second sampling rate rising at a rate hgher

than a threshald rate.

20 The system of Claim 16, wherein the surveillance server is further configured to send
at feast some of the series of data samples to the hospital system to be displaved at a display

terrgnal,

21. The system of Claim 19, wherein the alan condition comprises a difference betwesn
a current data sample and a data sample at which a previous alarm notficalion was sent

exceeding a threshold difference value,

22, The system of Claim 16, wherein the alarm condilion comprises the series of data

,

samples sent from the vital-sign monitor being equal to or less than a thivd threshold Hnnt

3

consecutively for a fourth mumiber of times.
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