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(57) ABSTRACT

A system for detecting strokes includes a sensor device
configured to obtain physiological data from a patient, for
example brain activity data. A computing device communi-
catively coupled to the sensor device is configured to receive
the physiological data and compare it with reference data.
The reference data can be patient data from an opposite brain
hemisphere to the hemisphere being interrogated or the
reference data can be non-patient data from stroke and
normal patient populations. Based on comparison of the
physiological data and the reference data, the system indi-
cates whether the patient has suffered a stroke.
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SYSTEMS AND METHODS FOR DETECTING
STROKES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of pri-
ority of U.S. Patent Application No. 62/516,596, filed Jun. 7,
2017, which is hereby incorporated by reference in its
entirety.

FIELD

[0002] The present technology is directed to medical
devices and, more particularly, to systems and methods for
detecting strokes.

BACKGROUND

[0003] Stroke is a serious medical condition that can cause
permanent neurological damage, complications, and death.
Stroke may be characterized as the rapidly developing loss
of brain functions due to a disturbance in the blood vessels
supplying blood to the brain. The loss of brain functions can
be a result of ischemia (lack of blood supply) caused by
thrombosis or embolism. During a stroke, the blood supply
to an area of a brain may be decreased, which can lead to
dysfunction of the brain tissue in that area.

[0004] A variety of approaches exist for treating patients
undergoing a stroke. For example, a clinician may admin-
ister anticoagulants, such as warfarin, or may undertake
intravascular interventions such as thrombectomy proce-
dures. However, such treatments may be frequently under-
utilized due to the failure to timely identify whether a patient
is undergoing or has recently undergone a stroke. This is a
particular risk with more minor strokes that leave patients
relatively functional upon cursory evaluation.

SUMMARY

[0005] The present technology is illustrated, for example,
according to various aspects described below. Various
examples of aspects of the present technology are described
as numbered clauses (1, 2, 3, etc.) for convenience. These
are provided as examples and do not limit the present
technology. It is noted that any of the dependent clauses may
be combined in any combination, and placed into a respec-
tive independent clause, e.g., Clause 1 or Clause 16. The
other clauses can be presented in a similar manner.

[0006] 1. A system for detecting strokes, the system com-
prising:
[0007] asensor device configured to obtain physiologi-

cal data from a patient; and
[0008] acomputing device communicatively coupled to
the sensor device, the computing device configured to:
[0009] receive the physiological data from the sensor
device;
[0010] compare the physiological data with reference
data; and
[0011] based on the comparison, provide a patient
stroke indicator.
[0012] 2. The system of Clause 1, wherein the sensor
device comprises at least one of: an EEG array, an MEG
array, art fMRI device, a PET scanner, or a CT scanner.
[0013] 3. The system of Clause 1, further comprising one
or more additional sensor devices configured to obtain
additional physiological data from the patient, the one or
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more additional sensors including at least one of: an accel-
erometer, a near-infrared sensor, an ultrasound sensor, a
heart rate monitor, a blood pressure monitor, a respiration
monitor, an electromyography (EMG) sensor, an electrocar-
diography (ECG) sensor, a galvanic skin sensor, a thermom-
eter, or a camera.
[0014] 4. The system of Clause 3, wherein the computing
device is further configured to:
[0015] receive the additional physiological data from
the one or more additional sensor devices;
[0016] compare the additional physiological data with
the reference data; and
[0017] based on the comparison, provide a patient
stroke indicator.
[0018] 5. The system of Clause 1, wherein the physiologi-
cal data comprises brain activity data from a first brain
hemisphere of the patient, and wherein the reference data
comprises brain activity data from a second brain hemi-
sphere of the patient.
[0019] 6. The system of Clause 1, wherein the reference
data comprises non-patient physiological data.
[0020] 7. The system of Clause 6, wherein the non-patient
physiological data comprises a library of physiological data
from stroke patients.
[0021] 8. The system of Clause 6, wherein the non-patient
physiological data comprises a library of physiological data
from non-stroke patients.
[0022] 9. A computer-readable medium storing instruc-
tions that, when executed by one or more processors of a
computing device, cause the computing device to perform
operations, the operations comprising;

[0023] receiving physiological patient data from a sen-
sor device;
[0024] comparing the physiological patient data with

reference data; and
[0025] based on the comparison, providing a patient
stroke indicator.

[0026] 10. The computer-readable medium of Clause 9,
wherein the sensor device comprises at least one of: an EEG
array, an MEG array, an fMRI device, a PET scanner, or a
CT scanner, and wherein the physiological patient data
comprises brain activity data.
[0027] 11. The computer-readable medium of Clause 9,
wherein the physiological patient data comprises at least one
of: motion data, blood constituent data, blood flow data,
heart rate data, blood pressure data, respiration data, EMG
data, ECG data, pH data, temperature data, or skin galvanic
response data.
[0028] 12. The computer-readable medium of Clause 9,
wherein the physiological data comprises brain activity data
from a first brain hemisphere of the patient, and wherein the
reference data comprises brain activity data from a second
brain hemisphere of the patient.
[0029] 13. The computer-readable medium of Clause 9,
wherein the reference data comprises non-patient physi-
ological data.
[0030] 14. The computer-readable medium of Clause 13,
wherein the non-patient physiological data comprises a
library of physiological data from stroke patients.
[0031] 15. The computer-readable medium of Clause 13,
wherein the non-patient physiological data comprises a
library of physiological data from non-stroke patients.
[0032] 16. A method for detecting strokes, comprising:
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[0033] obtaining physiological data from a patient with
a sensor device;

[0034] comparing the physiological data with reference
data; and
[0035] based on the comparison, providing a patient

stroke indicator.
[0036] 17. The method of Clause 16, wherein obtaining
physiological data from the patient comprises obtaining
brain activity data with at least one of: an EEG array, an
MEG array, an {MRI device, a PET scanner, or a CT scanner.
[0037] 18. The method of Clause 16, further comprising
obtaining additional physiological data from the patient with
one or more additional sensor devices, including at least one
of: an accelerometer, a near-infrared sensor, an ultrasound
sensor, a heart rate monitor, a blood pressure monitor, a
respiration monitor, an electromyography (EMG) sensor, an
electrocardiography (ECG) sensor, a galvanic skin sensor, a
thermometer, or a camera.
[0038] 19. The method of Clause 18, further comprising:
[0039] comparing the additional physiological data with
the reference data; and
[0040] based on the comparison, providing a patient
stroke indicator.
[0041] 20. The method of Clause 16, wherein the physi-
ological data comprises brain activity data from a first brain
hemisphere of the patient, and wherein the reference data
comprises brain activity data from a second brain hemi-
sphere of the patient.
[0042] 21. The method of Clause 16, wherein the refer-
ence data comprises non-patient physiological data.
[0043] 22. The method of Clause 21, wherein the non-
patient physiological data comprises a library of physiologi-
cal data from stroke patients.
[0044] 23. The method of Clause 21, wherein the non-
patient physiological data comprises a library of physiologi-
cal data from non-stroke patients.
[0045] 24. The method of Clause 16, wherein obtaining
physiological data from the patient comprises obtaining
physiological data while the patient remains passive.
[0046] 25. The method of Clause 16, wherein obtaining
physiological data from the patient comprises:
[0047] providing a prompt for the patient to perform
one or more actions; and
[0048] recording patient physiological data while the
patient attempts to perform the one or more actions.
[0049] 26. The method of Clause 25, wherein the one or
more actions comprises at least one of: lifting a limb,
moving a hand or fingers, speaking, or smiling.

[0050] 27. A method for detecting strokes, comprising:
[0051] receiving physiological patient data;
[0052] comparing the physiological patient data with

reference data; and
[0053] based on the comparison, providing a patient

stroke indicator.
[0054] 28. The method of Clause 27, wherein the physi-
ological patient data comprises brain activity data.
[0055] 29. The method of Clause 28, wherein the physi-
ological patient data further comprises at least one of:
motion data, blood constituent data, blood flow data, heart
rate data, blood pressure data, respiration data, EMG data,
ECG data, pH data, temperature data, or skin galvanic
response data.
[0056] 30. The method of Clause 27, wherein the physi-
ological patient data comprises brain activity data from a
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first brain hemisphere of the patient, and wherein the refer-
ence data comprises brain activity data from a second brain
hemisphere of the patient.

[0057] 31. The method of Clause 27, wherein the refer-
ence data comprises non-patient physiological data.

[0058] 32. The method of Clause 31, wherein the non-
patient physiological data comprises a library of physiologi-
cal data from stroke patients.

[0059] 33. The method of Clause 31, wherein the non-
patient physiological data comprises a library of physiologi-
cal data from non-stroke patients.

[0060] Additional features and advantages of the present
technology will be set forth in the description below, and in
part will be apparent from the description, or may be learned
by practice of the subject technology. The advantages of the
present technology will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.
[0061] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the present technology as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] Many aspects of the present disclosure can be
better understood with reference to the following drawings.
The components in the drawings are not necessarily to scale.
Instead, emphasis is placed on illustrating clearly the prin-
ciples of the present technology. For ease of reference,
throughout this disclosure identical reference numbers may
be used to identify identical or at least generally similar or
analogous components or features.

[0063] FIG. 1 is a schematic diagram of a stroke detection
system configured in accordance with embodiments of the
present technology.

[0064] FIG. 2 is a schematic diagram of a patient moni-
toring system including an EEG monitor and an EEG sensor
array, in accordance with embodiments of the present tech-
nology.

[0065] FIG. 3 is a block diagram of the patient monitoring
system of FIG. 2, in accordance with embodiments of the
present technology.

[0066] FIG. 4 is a schematic diagram of a display of the
EEG monitor of FIG. 2 illustrating a graphical illustration of
the EEG sensor array of FIG. 2, in accordance with embodi-
ments of the present technology.

[0067] FIG. 5 is a schematic diagram of the process flow
for detecting strokes in a patient in accordance with embodi-
ments of the present technology.

[0068] FIG. 6A is a schematic diagram of the process flow
for detecting strokes in a patient in accordance with embodi-
ments of the present technology.

[0069] FIG. 6B is a schematic diagram of the process flow
for detecting strokes in a patient in accordance with embodi-
ments of the present technology.

DETAILED DESCRIPTION

[0070] It can be difficult to determine whether a patient is
suffering from a stroke. Current diagnostic techniques typi-
cally involve evaluating a patient for visible symptoms, such
as paralysis or numbness of the face, arm, or leg, as well as
difficultly walking, speaking, or understanding. However,
these techniques may result in undiagnosed strokes, particu-
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larly more minor strokes that leave patients relatively func-
tional upon cursory evaluation. Even for relatively minor
strokes, it is important to treat the patient as soon as possible
because treatment outcomes for stroke patients are highly
time-dependent. Accordingly, there is a need for improved
methods for detecting strokes.

[0071] Embodiments of the present technology enable
detection of strokes by obtaining patient sensor data and
analyzing the sensor data under passive and/or active con-
ditions, as described in more detail below. For example, an
electroencephalogram (EEG) array can be used to sense and
record a patient’s brain electrical activity. The sensed EEG
data set is compared to a reference EEG data set to deter-
mine whether a stroke is present. The reference data set can
be compiled from EEG measurements of known stroke
patients, or from measurements taken from the patient (e.g.
from the brain hemisphere opposite that being interrogated).
The detection algorithm(s) can be passive (involving mea-
surement of a purely resting patient) or active (involving
prompting a patient to perform potentially impaired func-
tionality, such as moving particular muscle groups (e.g.,
raising an arm, moving a finger, moving facial muscles,
etc.,) and/or speaking while recording the EEG response).
Multiple algorithms of one or both types can be executed
and their results combined or considered in the aggregate to
determine whether a stroke is present. In various embodi-
ments, sensing modes other than EEG can be used (e.g.
magnetoencephalography (MEG), functional magnetic reso-
nance imaging (fMRI), positron emission tomography
(PET), computed tomography (CT), accelerometer, near
infrared, ultrasound, heart rate, blood pressure, respiration,
EMG, ECG, galvanic skin response, temperature, visual).
Multiple sensing modes can be used in combination and
their respective data can be employed in evaluating the
presence of a stroke. The stroke-detection systems disclosed
herein can be relatively compact and configured for use in
stationary or mobile environments, for example in a hospital
emergency room or in an ambulance.

[0072] Suitable Systems

[0073] The following discussion provides a brief, general
description of a suitable environment in which the present
technology may be implemented. Although not required,
aspects of the technology are described in the general
context of computer-executable instructions, such as rou-
tines executed by a general-purpose computer. Aspects of
the technology can be embodied in a special purpose com-
puter or data processor that is specifically programmed,
configured, or constructed to perform one or more of the
computer-executable instructions explained in detail herein.
Aspects of the technology can also be practiced in distrib-
uted computing environments where tasks or modules are
performed by remote processing devices, which are linked
through a communication network (e.g., a wireless commu-
nication network, a wired communication network, a cellu-
lar communication network, the Internet, a short-range radio
network (e.g., via Bluetooth)). In a distributed computing
environment, program modules may be located in both local
and remote memory storage devices.

[0074] Computer-implemented instructions, data struc-
tures, screen displays, and other data under aspects of the
technology may be stored or distributed on computer-read-
able storage media, including magnetically or optically
readable computer disks, as microcode on semiconductor
memory, nanotechnology memory, organic or optical
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memory, or other portable and/or non-transitory data storage
media. In some embodiments, aspects of the technology may
be distributed over the Internet or over other networks (e.g.
a Bluetooth network) on a propagated signal on a propaga-
tion medium (e.g., an electromagnetic wave(s), a sound
wave) over a period of time, or may be provided on any
analog or digital network (packet switched, circuit switched,
or other scheme).

[0075] FIG. 1 is a schematic diagram of system 100
configured in accordance with an embodiment of the dis-
closed technology. The system 100 includes a variety of
sensor devices 101a-d (collectively “sensor devices 101”)
disposed over different regions of interest of a patient 103.
For example, the sensor devices 101 can include an EEG
sensor array 101a disposed over a patient’s head, a blood
pressure monitor 1015 disposed over a patient’s arm or other
suitable location to monitor and record a patient’s blood
pressure, a pulse oximeter 101¢ disposed over a patient’s
finger or another location to monitor a patient’s pulse, an
EKG sensor 101d or other heart-recording device configured
to monitor a patient’s cardiac activity, and/or an accelerom-
eter 101e disposed on a patient’s ankle or other suitable
location to monitor patient movement. These particular
sensor devices 101 are exemplary, and in various embodi-
ments the sensors employed can vary. For example, the EEG
sensor array 101a can be replaced with an MEG array, an
fMRI machine, a CT scanner, or other suitable device
configured to monitor and record a patient’s brain activity.
Additionally, more or fewer of the particular sensors iden-
tified here may be used in any particular instance, for
example the system may include only the EEG sensor array
101a in some embodiments. In other embodiments, addi-
tional sensors can be employed, for example cameras for
visual monitoring of a patient, a skin galvanometer for
monitoring the conductivity of the patient’s skin, acceler-
ometers, thermometers, hygrometers, blood pressure sen-
sors, altimeters, gyroscopes, magnetometers, proximity sen-
sors, barometers, hall effect sensors, and any other suitable
sensor for monitoring physiological characteristics of the
patient 103.

[0076] One or more of the sensor devices 101 can be
communicatively coupled to a processing subsystem 110.
The processing subsystem 110 can, in some embodiments,
be similar to the digital signal converter 28 and/or the EEG
monitor 12 described below with respect to FIGS. 2-4. The
processing subsystem 110 comprises several components
including memory 111 (e.g., one or more computer readable
storage modules, components, devices) and one or more
processors 112. The memory 111 can be configured to store
information (e.g., signal data, subject information or pro-
files, environmental data, data collected from one or more
sensors, media files) and/or executable instructions that can
be executed by the one or more processors 112. The memory
111 can include, for example, instructions for analyzing
patient data to determine whether a patient is undergoing or
has recently undergone a stroke.

[0077] The processing subsystem 110 also includes com-
munication components 113 (e.g., a wired communication
link and/or a wireless communication link (e.g., Bluetooth,
Wi-Fi, infrared and/or another wireless radio transmission
network)) and a database 114 configured to store data (e.g,,
signal data acquired from the sensor devices 101, reference
data, equations, filters) used in the stroke detection tech-
niques disclosed herein. One or more displays 116 can
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provide video output and/or graphical representations of
data obtained by the system 100. A power supply 117 (e.g.,
a power cable connected to a building power system, one or
more batteries and/or capacitors) can provide electrical
power to components of the processing subsystem 110
and/or the system 100. In embodiments that include one or
more batteries, the power supply 117 can be configured to
recharge, for example, via a power cable, inductive charg-
ing, and/or another suitable recharging method. Further-
more, in some embodiments, the processing subsystem 110
may one or more additional components 118 (e.g., one or
more microphones, cameras, Global Positioning System
(GPS) sensors, Near Field Communication (NFC) sensors).
[0078] In some embodiments, the processing subsystem
110 may include one or more components partially or
wholly incorporated into one or more of the sensor devices
101. In other embodiments, however, the processing sub-
system 110 may include components remote from the sensor
devices 101 and connected thereto by a communication
network (e.g., the Internet and/or another network). In some
embodiments, for example, at least a portion of the process-
ing subsystem 110 may reside on a mobile device (e.g., a
mobile phone, a tablet, a personal digital assistant) and/or a
computer (e.g., a desktop computer, a laptop) communica-
tively coupled to the sensor devices 101.

[0079] FIG. 2 illustrates an embodiment of a patient
monitoring system 10 including an electroencephalography
(EEG) monitor 12 that may be used in conjunction with an
EEG sensor array 14. The EEG sensor array 14 includes a
plurality of electrodes 16 that are used to acquire one or
more EEG signals from a patient, which may be used by the
monitor 12 to determine one of more physiological charac-
teristics of the patient. For example, the monitor 12 may be
configured to determine the presence or absence of a stroke
or other neurological condition based on the one or more
EEG signals from the plurality of electrodes 16.

[0080] With continued reference to FIG. 2, the electrodes
16 may be formed from any suitable conductive material or
materials to enable the electrodes to perform electrical
measurements on the patient. In some embodiments, the
electrodes 16 may be formed from flexible conductive
materials, such as one or more conductive inks, to provide
enhanced flexibility and conformance to patient tissue. It
should be understood that the EEG sensor array 14 may
include additional components and/or materials, such as one
or more structural layers, foam layers, adhesive layers,
sponges, conductive gels, etc. Additionally, in some embodi-
ments, the EEG sensor array 14 may be configured for a
one-time use and may be discarded after use by one patient.
In other embodiments, the EEG sensor array 14 may be
reusable or at least partially reusable. In yet other embodi-
ments, the EEG sensor array can be substituted for another
type of sensing device, for example an MEG array, an MR,
CT scanner, accelerometer, near infrared, ultrasound, heart
rate, blood pressure, respiration, EMG, ECG, skin galva-
nometer, thermometer, etc.

[0081] The electrodes 16 may be supported by a frame-
work 18, which may be configured to facilitate proper
placement of the electrodes 16 on a patient’s head. The
framework 18 may flexible (e.g., elastic), semi-rigid, or
rigid, and may be formed of any suitable materials. In certain
embodiments, the framework 18 may enable the electrodes
16 to be placed on the patient’s head without scalp prepa-
ration (e.g., shaving) or abrasion. In one embodiment, the
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framework 18 may be a Geodesic Sensor Net. Further, in
some embodiments, different sized frameworks 18 may be
constructed to accommodate different sized patients (e.g.,
neonatal, pediatric, or adult). In other embodiments, the
framework 18 may be one-size fits all or may include
adjustment features to adjust the framework 18 to fit about
the patient’s head. Additionally, the framework 18 may
include indicia to facilitate the proper placement of the
framework 18 and electrodes 16 about the patient’s head.
For example, the indicia can include text, numbers, graphics,
symbols, and/or changes in color that may provide infor-
mation to a caregiver regarding the proper placement of the
framework 18 and electrodes 16 about the patient’s head.

[0082] It may be desirable to utilize an EEG sensor array
14 to increase the specificity and the resolution (e.g. spatial
and/or temporal) of the measurements. Accordingly, in some
embodiments, the EEG sensor array 14 may include 6-500
of the electrodes. In certain embodiments, the EEG sensor
array 14 may include 64-256 or the electrodes 16. Each
electrode 16 may be coupled to a respective lead 20 (e.g., a
conductor, channel, etc.), which may be configured to trans-
mit signals to and/or from a respective electrode 16. It
should be noted that the illustrated embodiment does not
show a lead 20 coupled to each electrode 16, and a few
representative leads 20 have been illustrated. In certain
embodiments, the EEG sensor array 14 may include a
connector 22, such as a paddle connector, which may be
configured to receive the plurality of leads 20. In certain
embodiments, the connector 22 may include a memory
device 23, which may be configured to store information
about the EEG sensor array 14, such as the number of
electrodes 16 of the EEG sensor array 14, the type or model
of the EEG sensor array 14, calibration data related to the
electrodes 16 (e.g., a range of acceptable impedance values),
which may be provided to the monitor 12. It should be
appreciated that the location of the memory device 23 is not
limited to the connector 22, and the memory device 23 may
be disposed in alternate locations in other embodiments.

[0083] The connector 22 may be coupled to a cable 24
(e.g., a patient interface cable) via a connector 26. The cable
24 may be coupled to a digital signal converter 28. As will
be described in more detail below, the digital signal con-
verter 28 receives, filters, and processes the EEG signals for
each channel (e.g., each lead 20). The digital signal con-
verter 28 is coupled to a cable 30, which may be coupled to
the monitor 12 via a port 32. In certain embodiments, the
digital signal converter 28 may be embedded in the monitor
12. However, it may be desirable to provide the digital signal
converter 28 external to the monitor 12 such that the digital
signal converter 28 may be closer to the patient’s head where
the EEG signals may be subject to less interference from
other medical equipment.

[0084] The monitor 12 may be configured to calculate
physiological characteristics relating to one or more EEG
signals received from the EEG sensor array 14. For example,
the monitor 12 may be configured to algorithmically deter-
mine the presence or absence of a stroke or other neuro-
logical condition from the EEG signal. In certain embodi-
ments, the presence of a stroke or other condition may be
determined using spontaneous EEG signals. That is, in
certain embodiments, the presence of a stroke, etc. may not
be determined using evoked potentials (e.g., in response to
a stimulus). In certain embodiments, the monitor 12 may
make a stroke determination for each electrode 16 (e.g.,
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channel) or may make a stroke determination using EEG
signals acquired from two or more selected electrodes (e.g.,
from a region of interest). In one embodiment, the monitor
12 may make a stroke determination based on measurements
or determinations from one or more regions of the patient’s
head. Additionally, as will be described in more detail below,
the monitor 12 may be configured to monitor the EEG
signals and/or make a stroke determination for particular
regions of interest, such as the quadrants of the patient’s
head.

[0085] The monitor 12 may also include a display 34
configured to display physiological characteristics, histori-
cal trends of physiological characteristics, other information
about the system, and/or alarm indications. For example, the
monitor 12 may display one or more indices 36 (e.g., a
stroke indicator, a depth of anesthesia index, etc.) of the
patient, such as a depth of anesthesia (DOA) value 36. In
some embodiments, as will be described in more detail
below, the display 34 may display an anesthesia index (e.g.,
the DOA value 36) for each desired region of the patient’s
head. The DOA value 36 may represent a dimensionless
number (e.g., ranging from 0, i.e., silence, to 100, i.e., fully
awake and alert) output from a multivariate discriminant
analysis that quantifies the overall bispectral properties (e.g.,
frequency, power, and phase) of the EEG signal. For
example, a DOA value 36 between 40 and 60 may indicate
an appropriate level for general anesthesia.

[0086] The monitor 12 may also display a signal quality
index (SQI) bar graph 38 (e.g., ranging from 0 to 100) which
measures the signal quality of the EEG channel source(s)
(e.g., the electrode(s) 16 used to acquire the EEG signal)
based on impedance data, artifacts, and other variables. In
certain embodiments, the monitor 12 may also display an
electromyograph (EMG) bar graph 40 (e.g., ranging from 30
to 55 decibels) which indicates the power (e.g., in decibels)
in the frequency range of 70 to 110 Hz. The frequency range
may include power from muscle activity and other high-
frequency artifacts. The monitor 12 may further display a
suppression ratio (SR) 42 (e.g., ranging from 0 to 100
percent), which represents the percentage of epochs over a
given time period (e.g., the past 63 seconds) in which the
EEG signal is considered suppressed (i.e., low activity). In
certain embodiments, the monitor 12 may also display a
burst count for the number of EEG bursts per minute, where
a “burst” is defined as a short period of EEG activity
preceded and followed by periods of inactivity or suppres-
sion.

[0087] Additionally, the monitor 12 may display one or
more EEG waveforms 44. For example, the monitor 12 may
receive one or more EEG signals from one or more elec-
trodes 16 and may display the EEG waveforms 44 for each
received EEG signal. In certain embodiments, the EEG
waveform 42 may be filtered. Additionally the monitor 12
may display one or more depth of anesthesia waveforms 46.
The monitor 12 may also display trends 48 over a certain
time period (e.g., one hour) for EEG, DOA, SR, EMG, SQ],
and/or other parameters. In certain embodiments, the moni-
tor 12 may display stepwise instructions for placing the EEG
sensor array 14 on the patient and/or an image illustrating
the proper placement of the EEG sensor array 14 on a
patient’s head. Further, as will be described in more detail
below, the monitor 12 may display one or more topographi-
cal color maps 50 of the EEG activity of the patient’s head.
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[0088] Additionally, the monitor 12 may include various
control inputs 52 (e.g., buttons and switches) to facilitate
management and operation of the monitor 12. For example,
the monitor 12 may include function keys, a power switch,
adjustment buttons, an alarm silence button, and so forth.
The control inputs 52 may enable a user to select or input a
specific sensor type or model, such as the specific number of
electrodes 16 of the EEG sensor array 14. This may enable
the monitor 12 to select the appropriate instructions for
analyzing the EEG signals and making stroke determina-
tions based on the particular EEG sensor array 14. Further,
in some embodiments, the control inputs 52 may enable a
user to select electrode(s) 16 of interest to monitor the EEG
signals and/or make stroke determinations from selected
electrode(s) or groups of electrodes.

[0089] One embodiment of the various components of the
digital signal converter 28 and the monitor 12 is illustrated
with respect to FIG. 3. While the illustrated embodiment is
directed toward a digital signal converter 28 that is external
to the monitor 12, it should be appreciated that, in other
embodiments, the digital signal converter 28 may be inte-
grated into the monitor 12. As illustrated, the digital signal
converter 28 is configured to receive a plurality of EEG
signals 80 from the EEG sensor array 14. The digital signal
converter 28 is configured to receive at least three EEG
signals 80 to determine the presence or absence of a stroke
or other neurological condition in the patient. In particular,
the digital signal converter 28 may receive a ground signal
82 from a ground electrode of the EEG sensor array 14, a
reference signal 84 from a reference electrode of the EEG
sensor array 14, and one or more sensing signals 86 from one
or more sensing electrodes of the EEG sensing array 14. In
certain embodiments, the reference electrode may be posi-
tioned about the center of the top of the patient’s head.
Further, in some embodiments, one or more of the sensing
signals 86 may be used to monitor artifacts from muscular
movements, such as eye blinking or movement. As will be
described in more detail below, the monitor 12 may be
configured to select certain electrodes of the EEG sensor
array 14 to monitor specific regions of the patient’s head.
Further, the monitor 12 may be configured to select which
electrodes are to be used for monitoring artifacts and which
electrodes are to be used for monitoring physiological
characteristics of the patient.

[0090] Incertain embodiments, the digital signal converter
28 and/or the monitor 12 may include one or more input
protection circuits 88 to filter the EEG signals 80 and may
include amplifier/filter circuitry 90 to remove DC and high
frequency components. Additional components of the digital
signal converter 28 and/or the monitor 12 may include one
or more analog-to-digital (A/D) converters 92, a processor
94, and a memory 96 (e.g., RAM, ROM, flash memory, etc.)
coupled to the processor 94, which may be configured to
store instructions that may be read and executed by the
processor 94 to implement the present techniques. The
monitor 12 may be configured to send signals to and/or
receive signals from the digital signal converter 28. In some
embodiments, the monitor 12 may receive calculated physi-
ological characteristics from the processor 94. In other
embodiments, the monitor 12 may receive digitized signals
from the one or more A/D converters 92 or filtered digitized
signals from the processor 94. The monitor 12 may also
include one or more memory devices 99 (e.g., aRAM and/or
a ROM) coupled to the processor 98 by an internal bus 97.
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The one or more memory devices 99 may be configured to
store instructions that may be read and executed by the
processor 98 to implement the present techniques. In certain
embodiments, the monitor 12 may store instructions that are
specific to a particular sensor type or model. For example,
the monitor 12 may store a plurality of instructions for
analyzing EEG signals and determining the presence or
absence of a stroke or other neurological condition and may
select a particular set of instructions from the memory 99
based on the number of electrodes 16 of the EEG sensor
array 14. The monitor 12 may also include the display 34,
the control inputs 52, and a speaker 95 coupled to the
internal bus 97.

[0091] As noted above, the monitor 12 may be configured
to dynamically select which electrodes 16 of the EEG sensor
array 14 to use for the stroke determination. The memory 99
of the monitor 12 may store one or more default settings for
the electrodes 16 to be used, which may be determined and
selected based on at least in part upon the type of EEG
sensor array 14 (e.g., the number of electrodes 16 in the EEG
sensor array 14), information relating to the patient, surgical
procedure, and/or anesthetics used with the patient, and/or
input provided by the caregiver. The monitor 12 may be
configured to adjust the selected default setting or select a
new default setting (i.e., to select one or more different
electrodes 16 or only a subset of the available electrodes 16)
in response to a determination that the EEG signal may
contain artifacts. For example, one or more of the sensing
signals 86 may be used by the monitor 12 to monitor
artifacts, and the monitor 12 may determine that artifacts are
present in a sensing signal 86. Accordingly, the monitor 12
may be configured to select a different electrode 16 to use to
monitor the patient’s EEG and to make the stroke determi-
nation. It should be appreciated that the monitor 12 may
dynamically cycle between the electrodes 16 of the EEG
sensor array 14 until a desired signal quality is reached. In
one embodiment, in an implementation in which specific
regions of the head are being monitored and compared to
one another, the monitor 12 may provide instructions to
cycle through the electrodes 16 in one or more quadrants to
find either satisfactory or the best signal quality within an
individual quadrant.

[0092] Insome embodiments, a user may be configured to
input the desired electrodes 16 (e.g., for a region of interest)
using one or more of the control inputs 52. For example, the
electrodes 16 of the EEG sensor array 14 may be labeled
(e.g., numerically, alphabetically, or a combination thereof)
and the user may be configured to input the corresponding
label for the desired electrodes 16 via the control inputs 52.
To facilitate the selection, the display 40 may be configured
to display a graphical representation of the EEG sensor array
14. In certain embodiments, the monitor 12 may be config-
ured to download information from the memory device 23 of
the EEG sensor array 14 to provide the monitor 12 with
information regarding the type of EEG sensor array 14, such
as the number of electrodes 16. This information may be
used by the monitor 12 to create a graphical representation
of the specific EEG sensory array 14 or to select a graphical
representation of the specific EEG sensor array 14 from a set
of graphical representations for various EEG sensor arrays
14.

[0093] As illustrated in FIG. 4, the display 34 may display
a graphical representation 120 of the EEG sensor array 14
and graphical representation 122 of a patient’s head. Pro-
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viding the graphical representation 122 of the patient’s head
may be desirable to facilitate a caregiver in quickly selecting
the desired electrodes 16 based upon one or more regions of
interest of the patient’s head. In certain embodiments, the
display 34 may also be configured to display labels 124 (e.g.,
numerical, alphabetical, or a combination thereof) for each
electrode 16 or for selected electrodes 16. It should be
appreciated that the labels 124 may be provided in any
suitable form. For example, in one embodiment, the labels
124 may be disposed proximate to the respective electrode
16.

Suitable Methods

[0094] FIG. 5 is a flow diagram of a process 500 config-
ured in accordance with an embodiment of the present
technology. The process 500 can include instructions stored,
for example, in the memory (e.g., memory 111 of FIG. 1 or
memory 99 of FIG. 3) that are executable by the one or more
processors (e.g., processor 112 of FIG. 1 or processor 98 of
FIG. 3). In some embodiments, portions of the process 500
are performed by one or more hardware components (e.g.,
the sensor devices 101 of FIG. 1, the digital signal converter
28 of FIG. 3, or the EEG array 14 of FIG. 2). In certain
embodiments, portions of the process 500 are performed by
a device external to the system 100 of FIG. 1 or the system
10 of FIG. 2.

[0095] As illustrated, the process 500 can include both a
passive component and an active component, which can
optionally be combined. In some embodiments, the process
500 includes only the passive component or only the active
component, while in other embodiments of the process 500
both the active and passive components can be employed
and combined for improved stroke detection. The active and
passive components can be performed sequentially in either
order (i.e., passive first, then active, or vice versa), or in
some embodiments at least portions of the passive and active
components may be performed in parallel. For example, the
comparison of sensed data set(s) to reference data set(s) in
block 506 (passive component) and block 516 (active com-
ponent) may be performed in parallel in at least some
embodiments.

[0096] The passive component of process 500 begins in
block 502 with developing sensed data set(s). For example,
the system can receive physiological patient data from one
or more sensors (e.g., the sensor devices 101 of FIG. 1 or the
EEG array 14 of FIG. 2). The physiological patient data can
include brain activity data recorded by the EEG array or
other brain sensing device as well as data from one or more
additional sensors. The additional sensors can include, for
example, one or more accelerometers (for measuring patient
movement of head or limb), blood pressure monitors, heart
rate monitors, ultrasound probes, infrared sensors, tempera-
ture sensors, galvanic sensors, and/or pH sensors. Patient
data from one or more of these sensor devices is recorded
and stored in the sensed data set(s).

[0097] In some embodiments, certain sensor data can be
used to remove aberrations from the sensed data set. For
example, accelerometer data may indicate gross movement
(e.g., a bumpy ambulance ride) and can remove the resulting
artifacts from the data. The additional sensor data can be
useful in identifying a stroke, for example heart rate moni-
tors can detect arrhythmia (or other heart rate profiles) that
can be indicative of stroke. Ultrasound probes can measure
blood flow volume or velocity, and infrared sensors can
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measure blood constituent levels such as oxygenation. Gal-
vanic sensors measuring conductivity of a patient’s skin, and
pH sensors measuring acidity of a patient’s skin can likewise
provide useful parameters for stroke detection.

[0098] In block 504, the process 500 develops or accesses
reference data set(s). Developing reference data sets can
include measuring the patient to create reference data, for
example by obtaining measurements taken from brain
regions other than the particular brain region being interro-
gated for possible stroke (e.g., the brain hemisphere opposite
to the hemisphere being interrogated). Accessing reference
data set(s) includes obtaining or querying external reference
data stored in the system or remotely. The reference data can
be non-patient data (i.e., patient obtained from sources other
than the particular patient being evaluated). For example, a
library of physiological data obtained from stroke patients
and/or normal populations can be obtained to provide ref-
erence data for the system. The reference data can include
measurements of brain activity as well as one or more
additional parameters, such as blood pressure, heart rate,
ultrasound measurements, blood oxygenation, temperature,
skin galvanic response, pH, or any other suitable physiologi-
cal data that aids in identifying a patient stroke.

[0099] In block 506, the sensed data set(s) are compared
to the reference data set(s) to determine whether a stroke is
indicated. Comparison of the two data sets can include
statistical techniques for measuring closeness or fit, for
example machine learning techniques including but not
limited to logistic regression, deep learning neural networks,
extreme gradient boosting machines, support vector
machines, to develop a binary classifier for stroke using
reference stroke databases and non-stroke databases. In
some embodiments, each type of data (e.g., brain activity
data as recorded by an EEG monitor, patient temperature
data, blood pressure data, etc.) can be compared separately,
while in other embodiments the different types of physi-
ological patient data can be combined for comparison
between the sensed data sets and the reference data sets.
Based on this comparison, the system can provide a patient
stroke indicator. The patient stroke indicator can be, for
example, a binary output of stroke/non-stroke condition, a
probabilistic indication of stroke likelihood, or other output
relating to the patient’s condition and likelihood of having
suffered a stroke.

[0100] In block 508, the process 500 outputs information
or instructions to the user(s). The information or instructions
can be output via a display device (e.g., the display 116 of
FIG. 1 or the display 34 of FIGS. 2-4). For example, if a
stroke is identified in block 506, then the system may
provide instructions to route the patient to a comprehensive
stroke treatment center or otherwise flag the patient for
treatment. In embodiments in which the process 500 is
performed while the patient is in an ambulance, the process
500 can output information or instructions to an emergency
medical technician (EMT) or other personnel in the rear of
the ambulance and/or to the ambulance driver. In some
embodiments, the display to the ambulance driver can
include navigational information such as a map and instruc-
tions to take the patient to a particular hospital or facility
with a stroke center.

[0101] The active component of the process 500 begins in
block 510 by providing prompts for instructed patient act(s).
The prompts for instructed acts can be provided to a user via
a display device (e.g., the display 116 of FIG. 1 or the
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display 34 of FIGS. 2-4). In some embodiments, the prompts
include instructions for the patient to perform particular acts
or movements, such as lifting an arm or leg, moving a hand
or fingers, speaking, smiling, recognition of body, clapping,
etc. In some embodiments, these prompts can be provided in
succession, and patient data can be obtained after each
prompt while the patient responds (or fails to respond) to the
particular instructions. In some embodiments, accelerometer
data can be used to monitor patient movement in response to
the provided prompts.

[0102] Inblock 512, the process 500 develops sensed data
set(s). As described above with respect to block 502 in the
passive component, the system can receive physiological
patient data from one or more sensors (e.g., the sensor
devices 101 of FIG. 1 or the EEG array 14 of FIG. 2) which
can include brain activity data in addition to data from one
or more additional sensors.

[0103] The process continues in block 514 with develop-
ing or accessing reference data set(s). Similar to the process
described above with respect to block 504 in the passive
component, the system can develop a reference data set by
obtaining measurements taken from a brain region that is
separated from the brain region being interrogated for pos-
sible stroke. The process 500 can also access reference data
sets by obtaining or querying an external library of physi-
ological data obtained from stroke patients and/or normal
populations that is stored in the system or remotely. The
reference data sets can include data recorded under similar
active conditions to enable fruitful comparison between the
sensed data and the reference data.

[0104] In block 516, the sensed data set(s) and reference
data set(s) are compared. As described in block 506 of the
passive component, comparison of the two data sets can
include statistical techniques for measuring closeness or fit,
for example machine learning techniques (e.g., logistic
regression, deep learning neural networks, extreme gradient
boosting machines, support vector machines). Based on this
comparison, the process 500 provides a patient stroke indi-
cator, for example indicating whether the patient is under-
going or has recently suffered a stroke.

[0105] In block 518, the process 500 outputs information
or instructions to the user(s), similar to the process described
above with respect to block 508 in the passive component.
The information or instructions can be output via a display
device (e.g., the display 116 of FIG. 1 or the display 34 of
FIGS. 2-4). For example, if a stroke is identified in block
516, then the system may provide instructions to route the
patient to a comprehensive stroke treatment center or oth-
erwise flag the patient for treatment.

[0106] Optionally, the process 500 can include a combined
component in which the output from block 506 of the
passive component (which includes comparison of the
sensed data sets and reference data sets under passive
conditions) and the output from block 516 (which includes
comparison of the sensed data sets and reference data sets
under active conditions) are combined in block 520. These
combined results are then evaluated comprehensively, for
example by using a weighted score or other algorithm for
combining the two outputs to provide a patient stroke
indicator, such as indicating whether or not a patient has
likely suffered or is currently suffering from a stroke.
[0107] Continuing with this optional component, in block
522 information or instructions are output to the user based
on the evaluation of the combined comparison in block 520.
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As indicated above with respect to blocks 508 and 518, the
information output can include indication of possible stoke,
instructions to deliver the patient to a stroke treatment
facility, or any other pertinent information based on the
comparison in block 520.

[0108] FIG. 6A is a schematic diagram of a process flow
600a for detecting strokes in a patient in accordance with
embodiments of the present technology. The process 600a
can include passive and/or active components as described
above with reference to the process 500. The process 600a
begins by receiving input regarding impaired functionality
experienced by the patient (block 610). For example, if the
patient experiences a loss of motor function related to a
particular body part (e.g., arm, finger, facial muscles etc.)
and/or speech, the impaired functionality associated with the
symptom of the stroke is input to a computer (e.g., the
processing subsystem 110 of FIG. 1 or the monitor 14 of
FIG. 2). The process 600a continues by selecting one or
more of the EEG electrodes at locations associated with the
impaired functionality according to the somatosensory cor-
tex map of the primary motor cortex and/or one or more of
Brodmann Areas 1, 2, 3, 4, 5, 20, 21, 22, 28, 34, 35, 36, 37,
38, 42 and/or 52. The somatosensory cortex integrates
sensory information from the body according to a map based
on the primary motor cortex located at the post central gyms
(block 620).

[0109] The process 600a continues by developing a sensed
data set from the selected EEG electrodes (block 630), and
then comparing the sensed data set from the selected EEG
electrodes to reference data set(s) (block 640). The reference
data set (block 640) can be a library of physiological data
from stroke patients, such as EEG measurements corre-
sponding to the same areas of impaired functionality of the
specific patient used to select the EEG electrodes in block
620. In some embodiments, the EEG measurements of the
library of physiological data can be associated with the
particular areas of the somatosensory cortex map and/or
Brodmann Areas that are selected according to the impaired
functionality in block 620. Based on the comparison (block
640), the process 600a continues by providing a patient
stroke indicator (block 650).

[0110] FIG. 6B is a schematic diagram of a process flow
6005 for detecting strokes in a patient in accordance with
embodiments of the present technology. The process 6005 is
similar to the process 600a described above with reference
to FIG. 6A, but instead of comparing the sensed data with a
library of physiological data, the sensed data in process 6005
is compared to other measurements taken from different
areas of the brain of the same patient. The process 6005
begins with receiving input regarding the impaired function-
ality experienced by a patient (block 610), and selecting one
or more of the EEG electrodes at locations associated with
the impaired functionality according to the somatosensory
cortex map of the primary motor cortex and/or one or more
of Brodmann Areas 1, 2, 3, 4, 5, 20, 21, 22, 28, 34, 35, 36,
37, 38, 42 and/or 52 (block 620), as described above with
reference to FIG. 6A. The process 6004 further includes
developing a sensed data set of physiological parameters
from the selected electrode(s) (block 630).

[0111] The process 6005 further includes developing a
reference data set of physiological parameters from at least
one area of the brain of the patient other than the area(s)
corresponding to impaired functionality (block 632). For
example, if the patient appears to experience impaired
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functionality of facial muscles, the EEG electrodes can be
selected to correspond to a portion of the somatosensory
cortex associated with controlling facial muscles in block
620 and the reference data in block 632 can be developed by
measuring brain function from one or more of the EEG
electrodes along the primary motor cortex associated with
different functionality (e.g., movement of arms or fingers).
The process 6005 continues at block 640 by comparing the
sensed data from the selected electrodes in block 620 with
the reference data sensed from other areas of the brain in
block 632. Based on the comparison (block 640), the process
6005 continues by providing a patient stroke indicator
(block 650).

CONCLUSION

[0112] This disclosure is not intended to be exhaustive or
to limit the present technology to the precise forms disclosed
herein. Although specific embodiments are disclosed herein
for illustrative purposes, various equivalent modifications
are possible without deviating from the present technology,
as those of ordinary skill in the relevant art will recognize.
In some cases, well-known structures and functions have not
been shown and/or described in detail to avoid unnecessarily
obscuring the description of the embodiments of the present
technology. Although steps of methods may be presented
herein in a particular order, in alternative embodiments the
steps may have another suitable order. Similarly, certain
aspects of the present technology disclosed in the context of
particular embodiments can be combined or eliminated in
other embodiments. Furthermore, while advantages associ-
ated with certain embodiments may have been disclosed in
the context of those embodiments, other embodiments can
also exhibit such advantages, and not all embodiments need
necessarily exhibit such advantages or other advantages
disclosed herein to fall within the scope of the present
technology. Accordingly, this disclosure and associated
technology can encompass other embodiments not expressly
shown and/or described herein.

[0113] Throughout this disclosure, the singular terms “a,”
“an,” and “the” include plural referents unless the context
clearly indicates otherwise. Similarly, unless the word “or”
is expressly limited to mean only a single item exclusive
from the other items in reference to a list of two or more
items, then the use of “or” in such a list is to be interpreted
as including (a) any single item in the list, (b) all of the items
in the list, or (¢) any combination of the items in the list.
Additionally, the terms “comprising” and the like are used
throughout this disclosure to mean including at least the
recited feature(s) such that any greater number of the same
feature(s) and/or one or more additional types of features are
not precluded. Directional terms, such as “upper,” “lower,”
“front,” “back,” “vertical,” and “horizontal,” may be used
herein to express and clarify the relationship between vari-
ous elements. It should be understood that such terms do not
denote absolute orientation. Reference herein to “one
embodiment,” “an embodiment,” or similar formulations
means that a particular feature, structure, operation, or
characteristic described in connection with the embodiment
can be included in at least one embodiment of the present
technology. Thus, the appearances of such phrases or for-
mulations herein are not necessarily all referring to the same
embodiment. Furthermore, various particular features, struc-
tures, operations, or characteristics may be combined in any
suitable manner in one or more embodiments.
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We claim:

1. A system for detecting strokes, the system comprising:

a sensor device configured to obtain physiological data

from a patient; and

a computing device communicatively coupled to the

sensor device, the computing device configured to:

receive the physiological data from the sensor device;

compare the physiological data with reference data; and

based on the comparison, provide a patient stroke
indicator.

2. The system of claim 1, wherein the sensor device
comprises at least one of: an EEG array, an MEG array, an
fMRI device, a PET scanner, or a CT scanner.

3. The system of claim 1, further comprising one or more
additional sensor devices configured to obtain additional
physiological data from the patient, the one or more addi-
tional sensors including at least one of: an accelerometer, a
near-infrared sensor, an ultrasound sensor, a heart rate
monitor, a blood pressure monitor, a respiration monitor, an
electromyography (EMG) sensor, an electrocardiography
(ECG) sensor, a galvanic skin sensor, a thermometer, or a
camera.

4. The system of claim 3, wherein the computing device
is further configured to:

receive the additional physiological data from the one or

more additional sensor devices;

compare the additional physiological data with the refer-

ence data; and

based on the comparison, provide a patient stroke indi-

cator.

5. The system of claim 1, wherein the physiological data
comprises brain activity data from a first brain hemisphere
of the patient, and wherein the reference data comprises
brain activity data from a second brain hemisphere of the
patient.

6. The system of claim 1, wherein the reference data
comprises non-patient physiological data.

7. A computer-readable medium storing instructions that,
when executed by one or more processors of a computing
device, cause the computing device to perform operations,
the operations comprising:

receiving physiological patient data from a sensor device;

comparing the physiological patient data with reference

data; and

based on the comparison, providing a patient stroke

indicator.

8. The computer-readable medium of claim 7, wherein the
sensor device comprises at least one of: an EEG array, an
MEG array, an fMRI device, a PET scanner, or a CT scanner,
and wherein the physiological patient data comprises brain
activity data.

9. The computer-readable medium of claim 7, wherein the
physiological patient data comprises at least one of: motion
data, blood constituent data, blood flow data, heart rate data,
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blood pressure data, respiration data, EMG data, ECG data,
pH data, temperature data, or skin galvanic response data.

10. The computer-readable medium of claim 7, wherein
the physiological data comprises brain activity data from a
first brain hemisphere of the patient, and wherein the refer-
ence data comprises brain activity data from a second brain
hemisphere of the patient.

11. The computer-readable medium of claim 7, wherein
the reference data comprises non-patient physiological data.

12. A method for detecting strokes, comprising:

obtaining physiological data from a patient with a sensor

device;

comparing the physiological data with reference data; and

based on the comparison, providing a patient stroke

indicator.

13. The method of claim 12, wherein obtaining physi-
ological data from the patient comprises obtaining brain
activity data with at least one of: an EEG array, an MEG
array, an fMRI device, a PET scanner, or a CT scanner.

14. The method of claim 12, further comprising obtaining
additional physiological data from the patient with one or
more additional sensor devices, including at least one of: an
accelerometer, a near-infrared sensor, an ultrasound sensor,
a heart rate monitor, a blood pressure monitor, a respiration
monitor, an electromyography (EMG) sensor, an electrocar-
diography (ECG) sensor, a galvanic skin sensor, a thermom-
eter, or a camera.

15. The method of claim 14, further comprising:

comparing the additional physiological data with the

reference data; and

based on the comparison, providing a patient stroke

indicator.

16. The method of claim 12, wherein the physiological
data comprises brain activity data from a first brain hemi-
sphere of the patient, and wherein the reference data com-
prises brain activity data from a second brain hemisphere of
the patient.

17. The method of claim 12, wherein the reference data
comprises non-patient physiological data.

18. The method of claim 12, wherein obtaining physi-
ological data from the patient comprises obtaining physi-
ological data while the patient remains passive.

19. The method of claim 12, wherein obtaining physi-
ological data from the patient comprises:

providing a prompt for the patient to perform one or more

actions; and

recording patient physiological data while the patient

attempts to perform the one or more actions.

20. The method of claim 12, wherein the one or more
actions comprises at least one of:

lifting a limb, moving a hand or fingers, speaking, or

smiling.
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