wo 2015/052945 2[00 O 0 0 Y A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

~

(19) World Intellectual Property Ny
Organization
International  Bureau

8 January 2015 (08.01.2015)

Wipo I PCT

(10) International Publication Number

WO 2015/002945 A2

(51)

21

(22)

(25
(26)
(30)

(71)

(72)

(74)

(81)

International Patent Classification:
GO6F 19/00 (201 1.01)

International Application Number:
PCT/US20 14/045043

International Filing Date:
1July 2014 (01.07.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/841,848 1July 2013 (01.07.2013) us

Applicant: MAYO FOUNDATION FOR MEDICAL
EDUCATION AND RESEARCH [US/US]; 200 First
Street SW., Rochester, MN 55905 (US).

Inventors: BENNET, Kevin, E.; 819 4th Street S.W.,
Rochester, MN 55902 (US). BRUCE, Charles, J.; 413
Eagle Lane SW., Rochester, MN 55902 (US). FRIED-
MAN, Paul, A.; 1408 Woodland Drive SW., Rochester,
MN 55902 (US). SOMERS, Virend, K.; 1218 Baihly
View Lane SW., Rochester, MN 55902 (US).

Agents: WESTERN, Paul et a; Fish & Richardson P.C.,
PO Box 1022, Minneapolis, MN 55440-1022 (US).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, Nz,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

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

Declarations under Rule 4.17:

as to applicant's entitlement to applyfor and be granted a
patent (Rule 4.17(H))

as to the applicant's entitlement to claim thepriority d the
earlier application (Rule 4.1 7(in))

Published:

without international search report and to be republished
upon receipt d that report (Rule 48.2(g))

(54) Titlee ALGORITHMS FOR MANAGINGARTIFACT AND DETECTING CARDIAC EVENTS USING A PATIENT MON-
rfORING SYSTEM

(57) Abstract: This document provides devices and methods for monitoring patient health parameters using a wearable monitoring
device. For example, this document provides algorithms for artifact rejection and for detection of cardiac events using a remote
health parameter monitoring system.



10

15

20

25

30

WO 2015/002945 PCT/US2014/045043

ALGORITHMS FOR MANAGING ARTIFACT AND DETECTING CARDIAC
EVENTS USING A PATIENT MONITORING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Serial No.
61/841,848, filed July 1, 2013. The disclosure of that prior application is
considered part of (and is incorporated by reference in) the disclosure of this
application.

BACKGROUND
1. Technical Field
This document relates to devices and methods for monitoring patient health
parameters using awearable monitoring device. For example, this document relates
to the use of algorithms for artifact management and for detection of cardiac events

using health parameter datathat is acquired by aremote patient monitoring system.

2. Background Information

For avariety of reasons, the importance of remote health monitoring systems,
such as in-home monitoring systems, is increasing. Remote health parameter
monitoring of ambulatory patients enables doctors to detect or diagnose health
problems, such as heart arrhythmias, that may produce only transient symptoms and
therefore may not be evident when the patients visit the doctors' offices. Remote
health parameter monitoring is a significant tool available to healthcare providers for
reducing hospital readmission rates and to track disease progression. The use of
monitoring systems can permit a smooth transition from hospital to home care.
Steadily increasing healthcare costs and outpatient populations have created aneed to
maximize time intervals between office visits.

The relentless pressure to reduce costs in the healthcare industry has required
the more efficient use of ahealthcare professional’s services. Asaresult, many
physicians now regularly prescribe home monitoring of such health parameters as
blood pressure, heart rate, blood glucose level, and EKG (electrocardiogram) signals.

In addition, health insurance providers are increasingly viewing remote health
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parameter monitoring as a means to reduce in-patient expenses and overall healthcare
costs.
SUMMARY
This document provides devices and methods for monitoring patient health
parameters using awearable monitoring device. For example, this document provides
algorithms for artifact management and for detection of cardiac events using health

parameter datathat is acquired by aremote patient monitoring system.

In general, one aspect of this document features a method for detecting heart
arrhythmia using a computer algorithm operating in aheart monitoring system. The
method comprises. establishing abaseline heart rate and an acceptable range of heart
rate for apatient; monitoring the patient's QRS signals using the heart monitoring
system to determine the patient's heart rate; comparing, by the algorithm, the patient's
heart rate to the acceptable range of heart rate for the patient; based on determining
that the patient's heart rate is outside of the acceptable range, classifying one or more
heartbeats of the patient as irregular; and determining, by the algorithm and based on
heartbeats of the patient that have been classified as irregular, that the patient's QRS
signals indicate that the patient is experiencing heart arrhythmia.

In various implementations, the monitoring system may comprise: a sensor
patch in contact with askin surface of the patient, wherein the sensor patch comprises
aplurality of sensors for measuring physiologic or pathologic parameters of the
patient; acontrol unit, wherein the control unit is releasably receivable in acradle of
the sensor patch, and wherein the control unit is in electrical communication with the
plurality of sensors when the control unit is in the cradle; and a cap, wherein the cap is
configured to releasably couple with the sensor patch to detain the control unit in the
cradle, and wherein the cap includes auser interface that is configured to provide
indications of the functioning of the device. The baseline heart rate and acceptable
range of heart rate for the patient may include different values for different times of
day. The baseline heart rate and acceptable range of heart rate for the patient may
include different values for different levels of activity of the patient.

In another general aspect, this document features a method of using a
computerized algorithm to identify and reduce artifact noise in aheart monitor
system. The method comprises: providing a sensor patch that is configured to be
adhered to the chest of apatient, wherein the sensor patch includes aplurality of
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electrodes for monitoring the patient's heart; receiving by the heart monitoring
system, signals from the plurality of electrodes, comparing, by the algorithm, the
signals from the plurality of electrodes; determining, by the algorithm and based on
the comparison of signals, that certain electrodes of the plurality of electrodes are
providing signals with less artifact noise than other electrodes of the plurality of
electrodes; and based on the determination that certain electrodes of the plurality of
electrodes are providing signals with less artifact noise than other electrodes of the
plurality of electrodes, eliminating the use of the signals from the other electrodes
from being used by the heart monitoring system.

In another general aspect, this document features a method of using a
computerized algorithm to identify and reduce artifact noise in aheart monitor
system. The method comprises: providing a sensor patch that is configured to be
adhered to apatient and that includes two or more types of sensors; determining, by
the algorithm, values of ahealth parameter of the patient based on the signals
provided by the two or more types of sensors; comparing, by the algorithm, the values
of the health parameter; and based on the comparison, determining, by the agorithm,
aparticular value of the health parameter to be used by the heart monitoring system,
wherein the determination is based on the particular value having less artifact signal
noise than other determined values of the health parameter.

Particular embodiments of the subject matter described in this document can
be implemented to realize one or more of the following advantages. In some
embodiments, an integrated health monitoring system based on acquisition of
physiologic and pathologic parameters from sensors can facilitate ambulatory careto
promote patient independence and permit a smooth transition from hospital to home
care. In some embodiments, the algorithms provided herein can enable enhanced
detection of heart arrhythmia conditions. In particular embodiments, the algorithms
provided herein can be used to increase the accuracy of the data collected by ahealth
monitoring system by detecting and rejecting some signals as artifact noise. In result,
the accuracy and effectiveness of health parameter monitoring systems can be
improved, overall healthcare costs can be reduced, and patient health and longevity
can be enhanced using the devices and methods provided herein.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to

which this invention pertains. Although methods and materials similar or equivalent

PCT/US2014/045043
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to those described herein can be used to practice the invention, suitable methods and
materials are described herein. All publications, patent applications, patents, and
other references mentioned herein are incorporated by reference in their entirety. In
case of conflict, the present specification, including definitions, will control. In
addition, the materials, methods, and examples are illustrative only and not intended
to be limiting.

The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description herein. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF THE DRAWINGS

Figures 1A-1C areillustrations of amodular external patient monitoring
device in accordance with some embodiments provided herein.

Figure 2 is an illustration of apatient wearing the modular external patient
monitoring device of Figures 1A-1C.

Figure 3is aside cross-sectional view another modular external patient
monitoring device in accordance with some embodiments provided herein.

Figures 4A and 4B are illustrations of additional modular external patient
monitoring devices in side cross-sectional views in accordance with some
embodiments provided herein.

Figure 5is aflowchart of aprocess used by an agorithm provided herein to
detect arrhythmias and artifact.

Figure 6 is an example sensor patch that can be used with an algorithm
provided herein to detect and manage artifact.

Like reference numbers represent corresponding parts throughoui.

DETAILED DESCRIPTION
This document provides devices and methods for the remote monitoring of
patient health parameters. For example, this document provides algorithms for
artifact management and for detection of cardiac events using health parameter data
that is acquired by aremote patient monitoring system. In some embodiments, the
remote health parameter monitoring system includes awearable component and a

separate computing device that can communicate with each other aswell aswith a
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remote monitoring service. In some embodiments, a controller unit in the wearable
component performs the algorithms for artifact rejection and for detection of cardiac
events. In other embodiments, the separate computing device performs the algorithms
for artifact rejection and for detection of cardiac events. In some embodiments, both
systems can perform such algorithms. While the algorithms provided herein may be
described in the context of particular health parameter monitoring systems, it should
be understood that the algorithms and techniques embodied in the algorithms can be
applied to other monitoring systems or to the data of other monitoring systems.

A number of algorithms for artifact detection and management are provided
herein. The algorithms are based on avariety of different techniques. For example,
in one embodiment the algorithm for artifact elimination uses detected QRS signals
and filters out other signals immediately around the QRS. In arelated embodiment,
preceding RR intervals are used to predict the when the next QRS will occur, and a
filtering approach is used around the signals at the predicted time of the QRS signals.
That algorithm can be beneficial, for example, in dealing with artifact related to a
patient's change in activity, such as from running. For example, as an individual
begins to run, the heart rate increases. If the trgjectory of heart rate change is the
gradua shortening of the RR intervals, and artifact blurs the occurrence of the RR, a
predictive algorithm based on the RR interval and trend of the prior 10 to 20 or 10 to
30 RR intervals will tell the system where to anticipate the next QRS. Signals that do
not occur during the anticipated QRS can be appropriately segregated and
deemphasized or filtered as desired.

In another example algorithm for artifact detection, a sensor such as an
accelerometer can identify physical movement related to aheartbeat and the
accelerometer signal can be used to identify the actual QRS. Then any signal that is
found to be synchronous with the QRS can be used to help direct the search for the
next QRS which may be embedded in signal noise, and those signals that are not
synchronous with the QRS can be filtered from use for that purpose.

The health parameter data collected from sensors on apatient can be
communicated from awearable monitor device to data collection and analysis
systems in avariety of modes. In some implementations, the monitor device can
wirelessly transmit datato acellular telephone that is coupled via a short-range
wireless link to atransceiver (e.g., Bluetooth, RF, infrared, etc.), and the transceiver

can communicate over anetwork such asthe internet to aremote monitoring server.
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In some implementations, acontrol module from the wearable monitor device can be
decoupled from the monitor device and coupled to abase station, computing device,
docking device coupled to acomputing device, and the like. The health parameter
data can then be downloaded from the control module to the base station, and the base
station can communicate the data to aremote monitoring server over a network
(including, for example, internet, Ethernet, telephone landline or cellular phone
networks). In some embodiments, acombination of such techniques and other
techniques well known in the art can be used to communicate the health parameter
data collected by the monitor device to aremote location for data monitoring and
analysis.

The sensors used in the monitoring devices provided herein can include a
variety of types and configurations. Some sensors are non-invasive. That is, some
sensors make contact with the skin surface of the patient. Other sensors penetrate the
dermal layers of the patient. Such penetrating sensors may also be referred to herein
as "microneedles’ or "microsensors." Microneedles can advantageously eliminate
signal interference from the patient's skin in some circumstances. Therefore,
microneedles may provide enhanced signal reception for parameters including but not
limited to electrocardiography (ECG), electroencephalography (EEG),
electromyography (EMG), and others.

The monitoring devices provided herein may be used to collect other data
types including but not limited to blood pressure, weight, hip waist ratio, oximetry,
thoracic, bioimpedance, physical activity, temperature, drug levels, microfluidics
(including serum and urine analytes and protein-based assays), respiration rate, heart
sounds, voice recordings, heart rate (heart rate), posture, analyte values such as blood
glucose, just to provide afew more examples. Movement or activity may be sensed
with appropriate accelerometers or multi-axis gyroscopes, such as micro electro-
mechanical system (MEMS) devices. Such collected data may in turn be synthesized
using various algorithms to calculate other health status indicators such as QRS
complex values, RR intervals, PVC values, arrhythmia, P wave, and others.

Figures 1A-1C provide an example wearable modular external monitoring
device 100 shown in atop view (Figure 1A), an exploded top view (Figure 1B), and a
bottom view (Figure 1C). The modular external monitoring device 100 depicted
includes a sensor patch 110, control unit 120, and a snap-on monitor 130. Sensor

patch 110 includes acentral cradle 116 that is areceptacle for releasably receiving
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control unit 120. With control unit 120 installed in cradle 116, snap-on cap 130 can
beinstalled onto sensor patch 110 over control unit 120 to detain control unit 120 in
sensor patch 110 as shown in Figure 1A. Snap-on cap 130 can engage with
complementary physical features on the sensor patch 110 so asto snap in place using
amechanical fit, for example. In some embodiments, snap-on cap 130 engages with
sensor patch 110 to create awater-resistant seal therebetween.

When control unit 120 is installed in sensor patch 110, eectrical connections
are made such that control unit 120 isin electrical communication with the sensors
that arevisible on the bottom of sensor patch 110. Sensor patch 110 includes, in this
example embodiment, an ECG eectrode 112 and a bioimpedance sensor 114.
However, awide variety of types, configurations, and numbers of sensors can be
included in sensor patch 110 as described further herein, and as known in the art.

In addition, in some embodiments a GPS system can be included in control
unit 120. The inclusion of GPS in monitoring device 100 can be advantageous in
multiple ways. First, aswill be described further herein, the patient's geographical
location and movements as determined by the GPS system can be used as a factor for
establishing an expected baseline heart activity while the patient is at certain locations
and/or undergoing certain movements. Further, GPS can be used to help locate the
patient should the patient become indisposed for whatever reason, including a cardiac
event or an unrelated event such as a motor vehicle accident. In addition, in
combination with accelerometers, the GPS will help define the total distance moved
physically by the patient (e.g., when walking, running, using stairs, etc.) as opposed to
other means of moving, such asin avehicle or elevator, for example. Still further, by
using GPS to define certain patient movements as from avehicle or eevator, for
example, extraordinary monitoring signals can be potentially attributed to artifact
from the interference caused by the vehicle or elevator-related patient movements.
Some portions of modular external monitoring device's 100 sensory and monitoring
systems are located in sensor patch 110, and other portions are located in control unit
120 and snap-on cap 130. For example, inthis embodiment sensor patch 110 includes
the sensor devices, such as ECG €electrode 112 and bioimpedance sensor 114. A
power source such as abattery (not shown), and electrical contacts that mate with
complementary contacts on control unit 120 can also beincluded in the sensor patch
110. Control unit 120 can include microelectronics including but not limited to a

CPU, data storage memory, wireless transceiver, power management circuitry, sensor
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interface circuitry, alarm devices, and complementary contacts that mate with sensor
patch 110 and snap-on cap 130. Snap-on cap 130, in addition to contacts that mate
with control unit 120, can include user interface devices such as LEDs, a numeric
display, atext display, an icon display, audio alarm devices, visual alarm devices, and
acombination of such user interface devices.

Sensor patch 110 can be made from compliant polymeric materials and can
have an adhesive on abottom surface 111. In some embodiments, sensor patch 110
can comprise amaterial that iswell-suited for the convenient placement on the
patient's skin, consistent retention thereon, and non-irritating skin contact. For
example, sensor patch 110 can comprise a soft elastomer such as athermoplastic
elastomer, silicone, or the like.

Snap-on cap 130 can include indicator LEDs 132 (or another type of user
interface). LEDs 132 can signal to the patient various messages such as errors, the
proper functioning of monitoring device 100, if the monitoring device 100 is
transmitting data, and the like. Snap-on cap 130 can be apolymeric material. In
some cases, snap-on cap 130 is amore rigid material than sensor patch 110. For
example, snap-on cap 130 can be made from any suitable material including but not
limited to polypropylene, polystyrene, acrylonitrile butadiene styrene (ABS),
polycarbonate, PVC, silicone, or the like.

Asbest seen in FIG. 1B, control unit 120 that includes the memory, CPU,
communications, etc. can bereversibly attached/detached to sensor patch 110.
Because of this arrangement, aparticular control unit 120 can be used with multiple
properly configured sensor patches 110, and conversely, multiple properly configured
control units 120 can be used with aparticular sensor patch 110. In one example
scenario of operating monitoring device 100, a patient can be given two control units
120 that are programmed and personalized identically. The control units 120 are
rotated daily. That is, each day the patient removes a control unit 120 and installs the
other control unit 120. The following day, the patient repeats the process—again
swapping control units 120. Inthis manner, aparticular control unit 120 gets used
every other day. This usage of control units 120 can be independent of the patient's
frequency of replacing sensor patches 110.

The control unit 120 that is removed from sensor patch 110 and is not in use
on aparticular day isinstalled into communication with abase station computer

system. The base station can be located in the patient's home, a atreatment site, or a
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combination of such locations. The base station has network access (wired or
wirelessly) and a standard A C power supply. In some cases, acellular phone or other
portable computing device can be used instead of the base station. The base station
then downloads the health parameter data from control unit 120 and either stores the
data to the data storage system of the base station or transmits the datato a monitoring
service via the network. Further analysis of the data can be performed by the base
station, monitoring service, and by health practitioners using the systems. Data can be
presented graphically. Trends can be compiled and displayed for analysis. Various
types of algorithms can be applied to provide artifact management, arrhythmia
detection and other types of data analysis and diagnostic tools.

While control unit 120 typically downloads the health parameter datato abase
station or equivalent device, in some cases control unit 120 while installed in the
sensor patch 110 can send wireless transmissions to the base station or over cellular
networks based on triggering events. Such triggering events can be determined for a
particular patient and programmed into control units 120 for the patient. For example,
atriggering event may be aparticular variability in RR over a short time period, or an
ECG QRS morphology, or the like.

Referring to Figure 2, apatient 200 is illustrated wearing modular external
monitoring device 100. Monitoring device 100 is adhered to the skin of patient 200.
In this example, monitoring device 100 is on the chest of patient 200 in aposition
over the sternum to measure heart and respiratory health parameters. This position is
less prone to motion artifact than some other locations, because the skeletal and
muscle motion above the sternum is generally minimal. Still, in other
implementations monitoring device 100 is worn on other areas of patient 200. For
example, monitoring device 100 may beworn on the head, abdomen, back, side,
extremities, and other suitable locations on patient 200. The location of monitoring
device 100 on patient 200 will depend on the type of health parameter datato be
collected.

Referring to Figure 3, across-sectional side view of another example modular
external monitoring device 300 is depicted on the skin 210 of apatient. Monitoring
device 300 includes microneedles 320 that can be employed as sensors, injection
devices, sampling devices, and for other like purposes. Microneedles 320 can be

barbed or otherwise include structures which facilitate adherence to skin 210.
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Microneedles 320 penetrate the skin 210 and the distal tips of the
mocroneedles 320 reside subdermally. Therefore, microneedles 320, when used as
sensors, have enhanced signal reception (e.g., for ECG, EEG, EMG, etc.). The
enhanced reception can be due to the elimination of "shielding” by dermal layersto
outside interference aswell as because of closer proximity to organ to be monitored.
In another implementation, microneedles 320 have access to interstitial fluid for
sensing electrolytes, glucose, oxygen, pH, temperature, and so on. The portions of
microneedles 320 near sensor patch 310 can be insulated portions 321 such that the
only electrical recording would come from the exposed electrodes &t the distal end of
microneedles 320 that are positioned deeper into the tissue. In some cases, this
arrangement can reduce signal artifact caused by patient motion or from intermittent
contact between skin 210 and a surface electrode (e.g., electrodes 112 and 114 of
Figure 1C). Further, there are known electrical potentials that arise from the surface
of skin 210 which can be a source of electrical noise. The avoidance of recording
from the surface of skin 210 can decrease or eliminate this source of electrical noise.

In some embodiments, microneedles 320 can aternatively beused for drug
delivery by injecting medication from areservoir 314 located within or coupled to
sensor patch 310. For example, a drug such as a steroid, lidocain, and others can be
beneficially administered to the patient to prevent discomfort and inflammation which
could otherwise result from the chronic use of sensor patch 310 and microneedles
320. In another example, an agent can be delivered from reservoir 314 through
microneedles 320 totreat apatient's particular detected disorder. Drugs such as
quinidine, beta-blocker, amiodarone, insulin, and so on can be used in such
applications.

Microneedles 320 may also include accelerometers at distal tips to help with
the control of signal noise from the sensors. For example, movement sensed at
microneedle 320 tip by an accelerometer can indicate motion and typical signal noise
associated with such motion can be anticipated and managed. 1n some cases,
electrical circuitry or software can be used for cancelation, correction, and filtering of
the resulting signal to thereby reduce motion artifact. Previous attempts to record
signal noise using accelerometers at locations removed from the recording electrode -
even by asmall amount - have been ineffective dueto the lack of correlation between
the forces at the accelerometer and a the electrode. An accelerometer in microneedle

320, or a the base of the microneedle 320, can resolve that problem.

10
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In some embodiments, monitor device 300 can also include one or more
piezoelectric sensors 324. Piezoelectric sensors 324 can be used to measure
bioimpedance which can in turn provide auseful signal for artifact elimination,
arrhythmia detection, determination of respiration rate, and other purposes.

In reference to Figure 4A, amodular external monitoring device 400 is
illustrated including one or more upper accelerometers 410 and one or more lower
accelerometers 412. In some embodiments, one or more multi-axis gyroscopes can be
used in addition to or as a substitute for accelerometers 410 and 412.

Including accelerometers 410 and 412 in monitoring device 400 can provide
many advantages. In some embodiments, monitoring device 400 only captures or
analyzes datawhen motion levels as determined by accelerometers 410 and 412 are
below certain thresholds levels (so asto avoid motion induced artifact).
Accelerometers 410 and 412 can be oriented in multiple arrangements to facilitate
several functions (e.g. physiologic monitoring and device context determination). For
example accel erometers 410 and 412 can be incorporated into the monitoring device
400 platform as independent sensors, or into the electrodes themselves (as described
herein). Integration of motion data at the electrode interface may be beneficial when
correlated with motion at a distance - away from the electrodes - this would allow for
noise subtraction due to motion of monitoring device 400.

Further uses for accelerometers 410 and 412 can include physiologic
monitoring. For example, physical activity or inactivity - including "learned”
activities, can be measured, and correlations of these learned activities with expected
changes in other monitored/sensed data inputs can be used to enhance the value of the
data collected my monitoring device 400. Signals from accelerometers 410 and 412
can beused to indicate patient falls, long-term inactivity, and levels of activity. Heart
sounds and motion permitting event timing and ECG can be detected by
accelerometers 410 and 412 in some embodiments. Respiration can be determined
based on motion of monitor device 400, bioimpedance changes, or both.
Accelerometers 410 and 412 can also be used to determine erect or supine posture.

All of these measurements can be combined and cross-checked to determine the
presence of artifact and/or increase the sensitivity and specificity of event recording.

Signal noise (artifact) can bevery difficult to distinguish from potentially
dangerous and rapid heart rhythms. Artifact may be caused by anumber of

conditions, with the two primary ones being (1) mechanical motion with subsequent
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myopotentials and (2) poor electrode contact. With poor e ectrode contact,
bioimpedance data may be useful particularly when supplemented with data from
accelerometers 410 and 412. With regard to physical motion, accelerometers 410 and
412 can beuseful for determining that artifact is present secondary to motion data
from accelerometers 410 and 412. The physical motion that results in ECG artifact
can have acharacteristic "signature” unique to a specific activity such aswalking and
other routine activities, such astremor, or local skeletal muscle contraction. Thus,
rather than performing artifact rejection, the monitoring device 400 can be
programmed to detect artifact and classify it as such using the "noise signature” that
results from characteristic ECG signals. These unique activity signatures can be
taught to the control unit during registration and thereby enhance signal quality and
event detection, by artifact detection and rejection.

The location of the accelerometers 410 and 412 can be advantageously
selected to enable artifact signal noise detection. Integration of accelerometers onto
electrodes as described herein provides one beneficial location. For example, in some
embodiments afirst accelerometer is embedded in a microneedle or other type of
sensor, and a second accelerometer is located in the sensor patch (such as on acircuit
board of the control unit). Analysis of the relative motion of these two accelerometers
would be useful in developing these characteristic "signatures” of particular types of
motion. For example, an individua's stride during walking would likely result in
similar motion detected by accelerometers in contact with the skin and by
accelerometers on the circuit board, whereas as the type of motion associated with
myopotentias (e.g., pectoralis motion) or vibratory motion from riding in acar on a
bumpy road may result in different signals from the two accelerometers. 1f these
"noise” motion signals occur in the setting of "high heart rates" it can indicate that
artifact is likely present. For example, radial motion such as may be expected with a
swinging of the arms or movement of the pectoralis would result in agreater
translational motion of the upper accelerometer 410 than alower accelerometer 412.
This difference can be taken advantage of to define a characteristic signature to each
type of motion and thus identify specific activities. For example, if aperson is sitting
in acar and not otherwise moving, then accelerometer 410 would equal accelerometer
412 as both accelerometers 410 and 412 are being equally tranglated by the car's

movement. In contrast, if aperson is actively rowing aboat, then accelerometer 410
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would be greater than accelerometer 412, thus providing for the detection of this type
of activity.

Accelerometer 410 and 412 data in combination with other data such as ECG
and impedance data can also be used to indicate poor contact of monitoring device
400 with the patient. In turn, monitoring device 400 can aert the patient or other
personnel, reject certain data signals, and so on. The user of multiple accelerometers
410 and 412 can be used to enhance this function. For example, if signals from
accelerometers 410 shows motion analogous to accelerometers 412 then skin contact
may be lost. Accelerometer 410 motion should be less than that of accelerometer 412
when monitor device 400 is correctly placed and in correct skin contact.

In reference to Figure 4B, amodular external monitoring device 450 is
illustrated including one or more first end accelerometers 460 and one or more second
end accelerometers 462. In some embodiments, one or more multi-axis gyroscopes
can be used in addition to or as a substitute for accelerometers 460 and 462.

Similar to the functionality of accelerometers 410 and 412 as described herein,
the relative motion between accelerometers 460 and 462 can indicate monitor device
450 that is being twisted or otherwise configured. Such amotion could indicate a
poor contact with the patient's skin such as a detachment of a "wing" or end portion
of monitoring device 450.

In some embodiments, acombination of vertically differentiated
accelerometers (410 and 412) and horizontally differentiated accelerometers (460 and
462) can be used on asingle monitoring device. In addition, other sensors such as a
temperature sensor embedded near an electrode can be included to enhance detection
of improper placement or detachment of monitoring device 450 from the patient's
skin. For example, atemperature sensor may indicate a sudden change in temperature
or sudden drop in temperature that indicates poor electrode contact with the patient's
skin.

Referring to Figure 5, aprematurity index can be calculated using another
example algorithm 500 applied to the data from monitoring devices for detection of
arrhythmias and of artifact. This algorithm 500 is used to establish a change from
normal. Algorithm 500 can be performed by ahealth parameter monitoring system
that is programmed with the logic described herein. The algorithm may berun on the
CPU of the wearable portion of the monitoring system, or on a portable computing

device (e.g., acell phone, tablet computer, PDA, etc.), or on abase station, or on a
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computing device a aremote monitoring service, and the like, or using a combination
of such computing devices.

The prematurity index algorithm 500 operates in general as follows. The
percentage of heart beats coming earlier than expected based on the patient's
historical recordings can be determined from the monitored QRS patterns. If the
percentage is above athreshold level, the algorithm can trigger corrective actions.

At operation 510, the patient's baseline heart rate is established. In some
cases, an average of the patient's previously recorded data from the time the
monitoring device was put in use can beused to calculate an average for the baseline.
In other cases, arolling average over a shorter prescribed time period can be used to
calculate abaseline. In till other cases, abaseline level can be determined by a
healthcare professional. These average recordings could be optionally sub-stratified
based on time of day, activity level, and other factors.

At operation 520, the patient's heart activity is monitored and recorded by the
health parameter monitoring system, such as described elsewhere in this document.

At operation 530, the patient's monitored heart rate is compared to the
baseline heart rate. The comparison results in aprematurity index, which is ameasure
of the patient's actual heartbeats that occur sooner than expected as determined by the
baseline heart rate. A range of values around the baseline heart rate can be
established as an expected range. For example, if the patient's average heart rate is 80
beats per minute, an expected range of about 60 to 100 beats per minute can be
established. In other examples, factor of about +/- 10%, 15%, 20%, 25%, and so on
can be used in relation to the baseline heart rate to establish an expected range. In
some embodiments, different factors can be applied at different times of day, based on
different activity levels, and based on other factors. If the actual heart rate iswithin
the expected range, the algorithm simply continues to monitor the actual heart rate
and to compare it to the expected range. If the actual heart rate is outside of the
expected range, the algorithm proceeds to operation 540.

At operation 540, the monitoring system running the algorithm classifies the
heartbeat asirregular (e.g., premature) and stores arecord of the irregular event. In
some cases, afactor that quantifies the amount by which the heartbeat was irregular or
premature can be determined and stored.

At operation 550, the algorithm determines whether the number of heartbeats

classified as irregular exceeds athreshold value. In one example, the threshold value
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is based on the percentage of heartbeats within arolling time period that are irregular.
In another example, acalculation is made that includes the amount or percentage by
which the heartbeat was premature to determine a score that is then compared to a
threshold score. A variety of other techniques can be used to make the determination
of whether the number of heartbeats classified as irregular exceeds athreshold value.
If the threshold value is not exceeded, then no additional actions are taken. However,
if the threshold value is exceeded, then the algorithm proceeds to operation 560.

At operation 560, in response to afinding that the number of heartbeats
classified as irregular exceeds athreshold value, the algorithm can trigger the
monitoring system to take countermeasures. The countermeasures can be avariety of
actions, e.g., providing an alarm message to the user, providing an alarm message to a
remote monitoring system, providing a message to the user to confirm proper
functioning of the wearable monitoring component, recordation of addition types of
data, recordation of data more frequently, additional data analysis, and so on.

This prematurity index algorithm 500 could also be used in the context of the
variability of the RR intervals (deviation from normal beats as well as pauses), and
used in conjunction with the heart rate prematurity index (or independently). Pauses
could be defined as RR intervals exceeding a particular time period, such as about 2
seconds in one example. In order to determine burden aswell as to correlate with
symptoms, the monitor could record the number of pauses (and their length),
graphically plot pause duration versus number of events, and time stamp symptoms,
aswell asrecord body position at the time of the event. Graphical display of
prematurity of RR variability can also be used to highlight portions of tracings for the
clinician or monitoring service to examine.

An another example algorithm for artifact management and for detection of
cardiac events will now be described. This algorithm is based on the patient's
monitored respirations. In general, the algorithm determines the phase shift between
ECG and pulse oximeter readings to detect respiration patterns, aswell asto diagnose
pulmonary conditions (COPD, sleep apnea, etc.). For example, achange in the timing
between cardiac electrical events (e.g. heart rate as measured on ECG) and apulse
oximeter event can be used to detect respiration, and changes in the monitored timing
can be evaluated by the algorithm to determine indications of the existence of

pulmonary disease. In some embodiments, the algorithm can assess phase shifts
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between RR amplitude diminution and RR interval changes during inspiration to
detect a sign of disease (e.g., heart failure).

Monitored RR interval changes can be used to detect and monitor respiration.
Inspiration can be characterized by an increase in heart rate and/or afall inthe RR
interval. Expiration can be characterized by a decrease in heart rate and/or RR
interval prolongation. Ultilizing the intervals between individual ECG beats and the
oscillation of the RR intervals can allow for the detection and monitoring of
respiration frequency by ECG signal alone. Bioimpedance sensors can also be used to
monitor respiration. Pulse impedance signals can be sent when ECG acquisition is
turned off transiently (e.g., only for afew milliseconds). The ECG acquisition could
beturned off in afixed manner, dissociated from the ECG signal (and therefore
unlikely to repeatedly miss important ECG events), or the acquisition could be turned
off in agated fashion to always be off during the T wave portion of the cardiac cycle.
These techniques can thereby be used to detect absence of breathing or disordered
breathing. AC can beused as asignal totest impedance, wherein the AC frequency is
above the ECG signal. This can be performed while using a low pass filter to
eliminate the impedance signal from the ECG reading.

Any of these algorithms can be used in conjunction with each other or with
other sensors which can monitor respiration (e.g. accelerometer, impedance,
microphone (including respiration sounds and heart sounds), stretch sensors on
monitoring sensor patch platform (to measure the stretch of the overlying chest or
inter-rib distances), air-flow probe (nasal, etc. for detection of wheezing etc.) or other
known measures of respiration (ECG amplitude) to confirm fidelity of the respiration
rate detected, to rule out artifact, and to improve performance of the system.

In reference to Figure 6, an example embodiment of awearable sensor patch
600 that can beused in conjunction with an algorithm for artifact rejection is
provided. The sensor patch includes aflexible base 610, and multiple sensors 620.
This type of sensor patch 600 can be used with an electrode array algorithm that can
analyze the data signals from the sensors 620 to selectively determine which sensors
620 are providing the highest quality data and with the least artifact or with the best
signal characteristics.

The electrode array algorithm can perform on areal-time basis to select data
from two or more electrodes 620 or groups of electrodes that are providing the best

data. This agorithm permits identification of poor quality datafrom one or more
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electrodes 620, and permits rejection of input from such an electrode in the final ECG
analysis. This agorithm also permits identifying the best combination of signals
based on certain electrocardiographic parameters (e.g., based on comparisons to
characteristic QRS complexes and/or characteristic P wave morphology), and alows
these best signals or acombination thereof to beused for final analysis. For example,
the group of electrodes 622 may be identified by the electrode array algorithm to be
providing the best quality data, and therefore the data from the electrode group 622
will beused for analysis. In another example, the group of electrodes 624 may be
identified by the electrode array algorithm to be providing the best quality data, and
therefore the data from the electrode group 624 will beused for analysis. In some
embodiments, the electrodes 620 are compared to areference electrode and its
attributes to assist in the identification of the electrodes 620 that are providing the best
quality data.

In another example algorithm, amulti-modal algorithm for artifact detection
and management is provided. This algorithm utilizes multiple types of physiologic
inputs (e.g., heart rate, ECG, respiration, oximetry, activity, posture, movement, etc.)
from multiple sensors (accelerometers, gyroscopes, e ectrodes, bioimpedance sensors,
microneedles, temperature sensors, audio sensors, etc.) to verify and eliminate noise,
corroborate signals, reject artifacts, detect events, trigger recordings, and so on. The
multi-modal approach can be used to increase the rate of artifact detection (and
elimination) thereby improving the overall performance of the monitor system.

Using the multi-modal algorithm, the CPU in the wearable monitor (or another
computer system in the overall monitoring system) would be able to select between
sensors and algorithms to determine which signal is providing the best data stream.
Alternatively, the control unit can use multiple sensors and algorithms to verify or
corroborate signals to ensure fidelity and prevent false positives or false negatives in
event detection. This approach would allow for cross-checking for artifact noise and
signal quality. For example, if the ECG has noise in the heart rate signal, that could
be compared with the impedance generated heart rate signal in an attempt to create a
true signal for analysis (or rejection). The comparison may also result in confirming
that the suspected artifact noise is actually occurring throughout the system and that it
is not artifact. In that situation, the signals would be recorded for review by the

monitoring service or physician.
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This multi-modal a gorithm approach can also be used to capture relevant data
from one sensor when another is suffering from excess noise. For example, ECG
sensors could be used to gather respiration data if accelerometers have high noise
levels in their detection of respiration.

In some embodiments, various physiological signals can be integrated with
each other using factors to weight these signals based on the quality of the acquisition.
For example, signals such as QRS and ECG, bio-impedance, accelerometer, and
sound can be combined, while weighting the highest quality signals the most, to
define an accurate representation of the heartbeat. The eventual decision asto what
and where the heart beat occurs, and hence definition of heart rate, will therefore be
based on multiple inputs, with the greatest credibility given tothe clearest (or least
disrupted) signal. For each sensor input, asigna quality determination can be made
and those sensor inputs with ahigh quality signal can be sent to the control unit for
processing (e.g., entered into an arrhythmia detection algorithm), whereas those with
apoor quality signa can be labeled as "noise” and sent to the control unit for
elimination or other types of signal management (e.g., entered into apersonal
template algorithm or artifact algorithm).

In some embodiments of the multi-modal algorithm, the variety of sensor
inputs (e.g., ECG, impedance, accelerometer, oximeter, etc.) can beweighted in terms
of most valuable depending on the physiologic parameter to be measured (e.g., ECG
is high for heart rate and rhythm, whereas impedance for heart rate and rhythm would
beweighted lower).

Another algorithm—apeak detection algorithm—can be advantageously used
to detect and identify QRS. This agorithm can also be used to determine if electrodes
are properly connected on not. When electrodes are disconnected there may be aflat
line (e.g., the heart rate is zero, there are no QRS peaks, etc.) or artifact noise which
tends to be very high frequency. So, for example, if the detected heart rate is greater
than 300 bpm, then the algorithm can make the determination that the signal is noise
and the algorithm can eliminate or otherwise manage the noisy signal.

The peak detection algorithm can also be used to identify variations from
normal QRS complexes or from established four-reference electrode ECG templates.
For heart rate and rhythm determination, it is useful to identify whether a QRS
complex has the baseline (sinus or AF) morphology or whether it has a different

morphology. A non-baseline morphology can be indicative apremature ventricular
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contraction (PVC), or of supraventricular tachycardia (SVT) with aberrancy. While a
number of different techniques can beused to compare atemplate stored morphology
to the candidate complex being evaluated (including comparison of frequency
content, ECG path length, wavelet or other transforms, integrals/area under the ECG
curve), many of these techniques are sensitive to "alignment errors.” Alignment
errors occur when two identical complexes are compared, but due to adlight shift in
how they are aligned, the comparison algorithm incorrectly interprets the candidate
beat as different than template. The use of the peak detection algorithm (whether by
using amaximum or aslope crossing point [dv/dt = 0]) can provide a fiducial point
for comparison of complexes. This fiducial point is aso useful in morphology
collection to generate a collection of the morphologies detected during a prolonged
monitoring period. This is clinicaly useful when interested in identifying not only the
number of PVCs, but also the number of each unique morphology of PVC. The latter
information can be useful when considering ablative therapies.

Another example agorithm is useful for eliminating myopotential (muscle)
noise. This algorithm detects high signal variance in the form of noise bursts over
short periods of time. During myopotential noise, the noise can be mistaken for QRS
complexes. This results in afrequency of peaks that is artificially high. Dueto the
"noisy" characteristics of the undesired signal, the variance (and standard deviation)
of peak-to-peak intervals can exceed the range recorded for patient being monitored.
The increased variance can serve to distinguish noise burst from physiologic QRS
signals. The presence of myopotentials can also be used to determine incorrect
placement of monitoring devices.

Additional features that can be utilized for artifact rejection algorithms will
now be described. 1n one example, once a QRS is detected, different filtering
strategies can be applied to the signal immediately around the QRS. This canbea
differential filtering based on the time course of the signal, equivalent to aphase lock
amplifier. This technique can beused to seek out the end of the T wave, the P wave,
and so on.

Another example algorithm embodiment can use multi-modal inputs to detect
sinus arrhythmia and to eliminate it as source of artifact. Sinus arrhythmia essentialy
refers to the development of a speeding up of heart rate on inspiration and aslowing
of heart rate on expiration. This can be fairly marked especialy in people who are

very healthy with ahigh vagal tone, and in fact can induce certain (physiologic)
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brady arrhythmias such as Wenckebach. By integrating the breathing signal obtained
either by bioimpedance, accelerometer, or auscultation to hear breath sounds, the
synchrony between the breathing and the ECG can be used to define the presence of
sinus arrhythmia and hence any first-degree heart block and/or Mobitz type |
Wenckebach block can beidentified and not treated as a marked abnormality. Inthis
way, the algorithm uses the integration of breathing and EKG detection to define
whether abradyarrhythmia is pathological or not. Also, the absence of physical
activity (as detected via an accelerometer) would increase the likelihood of the
arrhythmia being secondary to sinus arrhythmia.

Additional example algorithm embodiments can be used to not only identify
sensor signals but also to identify the presence of artifact. That is, alearning
algorithm can identify types of artifact are associated with certain types of activities.
For example, an accelerometer may provide acertain individualized kind of artifact in
agiven person while running, whereas another type of movement may elicit
something different. The approach then is to define the parameters that will identify
what is or is not artifact. This can be done by several techniques, including 1) using a
signal to noise ratio (e.g., of less than about 2:1) as amarker of artifacts; and 2) using
power spectral density analysis of the actual QRS (not the RR interval) to define the
presence of anoisy baseline. Thiswill presumably be a straight or irregular line
during artifact, rather than the focused peak that would be seen in an artifact-free
power spectral density analysis of the QRS and P wave and T wave itself. With a
related approach the integral of the signal can be determined and if the ECG has very
little artifact then the integral (the areaunder the curve) of the ECG voltage signal
will befairly flat with spikes around the time of the Pwave, QRS, and T wave.
However, if these spikes are found to be occurring in less than acertain proportion to
the overall areaunder the curves, that implies a significant amount of noise exists.

The ability to detect artifact is enhanced with the ability of the algorithm to
actually recognize when an ECG signd is inadequate. The algorithms provide certain
criteria for this to be done. One approach isto proactively seek out, identify, and
quantify artifact, with the addition of being able to also identify the etiology. All of
these techniques are useful for detecting and eliminating or managing the artifact.
Another example implementation of this would beto have at least two electrodes
capturing ECG information. Those two ECG signals would betreated in the
following way; signal one is used asthe QRS signal, signal two would reject/filter out
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the QRS signa and retain the "artifact noise” signal. Then signal two would be
subtracted from signal one, and the result would be a"clean" QRS signal.

In another example, the power spectral density analysis of the QRS can be
used to differentiate between anormal QRS beat and aPVC or aberrant conduction.
Each of these (QRS beat, PV C, aberrant conduction) has avery specific PSD
signature. The power spectral density can be used to identify the percentage of noise
based on frequency content outside of aphysiologic range.

Bioimpedance changes can be used to detect artifact. For example, a
progressive loss of contact between an electrode and the skin will result in increasing
bioimpedance, and hence could explain artifact.

Artifact can also beidentified and managed based on ECG aone. For
example, an algorithm can increase the amplitude and frequency of ECG traces. Then
the algorithm could perform afast Fourier transform on the ECG signal and plot
power versus frequency. Inthat way, the power spectrum of ECG itself can indicate
artifact noise.

Further features that can be utilized for artifact rejection algorithms will now
be described. Artifact parameters can be given weights or score factors. The weights
or scores would be assigned to avariety of inputs that are likely to belinked to the
presence of artifact. Such inputs can include but are not limited to: heart rate (e.g.,
non-physiologic heart rates), QRS voltage (e.g., greater than an established limit, this
may be individualized based on pre-learning/personalization, but generally not above
athreshold limit such as 3 millivolts), QRS morphology (e.g., where it deviates from
an accepted limit, may be personalized), accelerometer signal data (motion),
impedance change (increasing bioimpedance), microphone signals (e.g., high noise
levels), and temperature (e.g., asudden change in electrode temperature, e.g., such as
more than 3 degrees Celsius over a2 minute period) or electrode temperature (e.g.,
less than 35 degrees Celsius). The algorithm can assess these inputs in various ways
to determine presence of artifact with high sensitivity and specificity. For example, if
3 of 4 inputs are in the "artifact range" ascore or confidence rating of 75% can be
assigned tothe data. Or, for example, if 4 of 4 inputs are in the artifact range a
confidence rating of 100% can be assigned.

Based on the confidence ratings, the algorithm can trigger various actions. For

example, if the artifact confidence rating is greater than 75%, the agorithm could
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classify the data as artifact, re-sample inputs, and reanalyze a later point in time, or
delay re-sampling until accelerometer input reads no motion.

Another example agorithm is asigna transmission algorithm. When ECG
tracings are transmitted in compressed format, after acquisition at afrequency of 128
kilohertz, the P waves are lost. It isimportant to keep the P waves if they are detected
on the ECG especialy when following patients who may have paroxysmal atrial
fibrillation. One solution isto use selective compression, whereby the ECG is
compressed except for 200-300 milliseconds before the R wave so that the P wave
section is uncompressed and therefore the P wave more visible.

Still another algorithm can detect arrhythmia by selective ECG filtering. A
first filter can be used for the QRS signal to filter the ECG signals outside of the QRS
complex which contain atrial activity that is low amplitude and has a different
frequency (lower) than the QRS complex and T waves. Thus, for the entire signa
outside of the QRS interval differential (increased) gain and alow pass filter (to
eliminate higher frequency, non-atrial signals) can be used to augment detection of
atrial ECG data. A separate filter can be used for the inter-QRS filter signal. In some
embodiments, ahigh gain can be used on the inter-QRS filter to capture P waves
which are smaller and need amplification. A low pass filter can be used to capture
atrial signals. Then the QRS signals can betransformed using afast Fourier
transform and compared. A comparison can then be made between anormal template
and the filtered and transformed QRS to determine whether the QRS signal indicates
arrhythmia.

Another example agorithm can be used to identify apre-arrhythmic state
(health status) or to differentiate sinus arrhythmia from pathologic arrhythmia. This
algorithm uses a combination of respiration rate and heart rate. The respiration rate
can be established by any method or combination of methods (impedance, QRS
amplitude change, stretch sensors on device platform, oximetry, etc.). The RR
interval can be established by any method or combination of methods (ECG,
accelerometer, etc.). Both the heart rate and respiration rate can be plotted by power
versus frequency. A cross-correlation is made between RR interval and respiration
rate with the amount of variability in RR interval associated with respiration being
analyzed. The variability in RR interval that is not associated with respiration rate

would correlate to possible disease state or susceptibility.
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Another example algorithm can beused for an assessment of multifocality
versus unifocality. This algorithm calculates the standard deviation between PVC and
RR intervals. This measurement can be combined with QRS morphology and can be
used as an assessment of index of ablativity.

A bioimpedance agorithm is also provided. This algorithm used adevice
with at least two bioimpedance electrodes (e.g., one on each end of a sensor patch).
The time between the signals from the electrodes can be used to indicate various
conditions such as skin edema, pulmonary edema, respiration, and the presence of
metabolites, electrolytes, and biopeptides (e.g., glucose).

Ultrasound sensors can be used in an algorithm to determine intracardiac
pressures noninvasively (e.g., for detection of congestive heart failure). Using this
technique, achange in E/A ratio can be used by the algorithm to determine filing
pressures, where E = early mitral inflow velocity and A = late mitral inflow velocity.
A sensor patch including the ultrasound sensor can be positioned over the apex of
heart. A template is stored to determine when E/A data points are captured.

Another example algorithm embodiment used signal averaging for identifying
P wave (or loss thereof) to detect atrial arrhythmia. A signal is averaged over atime
X. The signal is also averaged over time Y (during which AF occurs). A change in'Y
vs. X isthen detected by the algorithm.

While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of any invention or of what may
be claimed, but rather as descriptions of features that may be specific to particular
embodiments of particular inventions. Certain features that are described in this
specification in the context of separate embodiments can also be implemented in
combination in asingle embodiment. Conversely, various features that are described
in the context of a single embodiment can aso be implemented in multiple
embodiments separately or in any suitable subcombination. Moreover, although
features may be described herein as acting in certain combinations and even initially
claimed as such, one or more features from a claimed combination can in some cases
be excised from the combination, and the claimed combination may be directed to a
subcombination or variation of asubcombination.

Similarly, while operations are depicted in the drawings in aparticular order,
this should not be understood as requiring that such operations be performed in the

particular order shown or in sequentia order, or that all illustrated operations be
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performed, to achieve desirable results. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the separation of various system
modules and components in the embodiments described herein should not be
understood as requiring such separation in all embodiments, and it should be
understood that the described program components and systems can generally be
integrated together in a single product or packaged into multiple products.

Particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. For example, the actions
recited in the claims can be performed in a different order and still achieve desirable
results. Asone example, the processes depicted in the accompanying figures do not
necessarily require the particular order shown, or sequential order, to achieve
desirable results. In certain implementations, multitasking and parallel processing

may be advantageous.
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WHAT ISCLAIMED IS:

1 A method for detecting heart arrhythmia using acomputer algorithm operating
in aheart monitoring system, the method comprising:

establishing abaseline heart rate and an acceptable range of heart rate for a
patient;

monitoring the patient's QRS signals using the heart monitoring system to
determine the patient's heart rate;

comparing, by the algorithm, the patient's heart rate to the acceptable range of
heart rate for the patient;

based on determining that the patient's heart rate is outside of the acceptable
range, classifying one or more heartbeats of the patient as irregular; and

determining, by the algorithm and based on heartbeats of the patient that have
been classified asirregular, that the patient's QRS signals indicate that the patient is

experiencing heart arrhythmia

2. The method of claim 1, wherein the monitoring system comprises:

a sensor patch in contact with a skin surface of the patient, wherein the sensor
patch comprises aplurality of sensors for measuring physiologic or pathologic
parameters of the patient;

acontrol unit, wherein the control unit is releasably receivable in acradle of
the sensor patch, and wherein the control unit is in electrical communication with the
plurality of sensors when the control unit is in the cradle; and

acap, wherein the cap is configured to releasably couple with the sensor patch
to detain the control unit in the cradle, and wherein the cap includes a user interface

that is configured to provide indications of the functioning of the device.

3. The method of claim 1, wherein the baseline heart rate and acceptable range of

heart rate for the patient include different values for different times of day.

4. The method of claim 1, wherein the baseline heart rate and acceptable range of
heart rate for the patient include different values for different levels of activity of the

patient.
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5. A method of using acomputerized algorithm to identify and reduce artifact
noise in aheart monitor system, the method comprising:

providing a sensor patch that is configured to be adhered to the chest of a
patient, wherein the sensor patch includes aplurality of electrodes for monitoring the
patient's heart;

receiving by the heart monitoring system, signals from the plurality of
electrodes;

comparing, by the algorithm, the signals from the plurality of electrodes;

determining, by the algorithm and based on the comparison of signals, that
certain electrodes of the plurality of electrodes are providing signals with less artifact
noise than other electrodes of the plurality of electrodes; and

based on the determination that certain electrodes of the plurality of electrodes
are providing signals with less artifact noise than other electrodes of the plurality of
electrodes, eliminating the use of the signals from the other electrodes from being
used by the heart monitoring system.

6. A method of using a computerized algorithm to identify and reduce artifact
noise in aheart monitor system, the method comprising:

providing a sensor patch that is configured to be adhered to apatient and that
includes two or more types of sensors;

determining, by the algorithm, values of ahealth parameter of the patient
based on the signals provided by the two or more types of sensors,

comparing, by the algorithm, the values of the health parameter; and

based on the comparison, determining, by the algorithm, a particular value of
the health parameter to be used by the heart monitoring system, wherein the
determination is based on the particular value having less artifact signal noise than

other determined values of the health parameter.
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