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APPARATUS AND METHOD FOR CALCULATING A VOLUME FLOW RATE OF

OXYGENATED BLOOD
FIELD

[0801] The specification relates generally to medical devices, and more particularly to an
apparatus and method for calculating a volume flow rate of oxygenated blood in a target

region of tissue of a human.

BACKGROUND

[0002] Cardiopulmonary resuscitation (CPR) of patients is a commeon event in medical
practice, with a reported occurrence rate of 400,000 per year in the Uniled States alone.
Guidelines, such as those provided by the American Heart Association, typically provide
an algorithm for a rescuer to provide chest compressions and ventilation to perform CPR.
Such algorithms may have different efficacy for different patients having different patient

physiologies.

SUMMARY

[0003] An aspect of the specification is directed to an apparatus for calculating a volume
fiow raie of oxygenated biood. The apparatus includes a support having a first side and
a second side opposite the first side, the support configured to be removably adhered to
a skin of a human adjacent a target region of tissue. The apparatus further includes an
optical  sensor secured {0 the support at the second side of the support to detect an

absorption of light by blood flowing through the target region for determining a blocd
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oxygenation percentage of the blood flowing through the target region. The apparatus
further includes a magnetic sensor secured to the support at the second side of the
support to detect changes in a magnetic field in the target region for determining a flow
rate of the blood flowing through the target region. The apparatus further includes a
processor secured to the support and coupled to at least one of the optical sensor and
the magnetic sensor for determining the blood oxygenation percentage and the flow rate
and calculating a volume flow rate of oxygenated blood flowing through the target region
based on the blood oxygenation percentage and the flow rate.

[6004] Another aspect of the specification is directed to a method for calculating a volume
fiow rate of oxygenated blood. The method includes detecling, at an optical sensor
secured to a second side of a support of an apparatus, an absorption of light by blood
fiowing through a target region of tissue of a human, the absorption of light for determining
a blood oxygenation percentage ¢f the biood flowing through the target region. The
method further includes detecting, at a magnetic sensor secured {o the second side of
the support, changes in a magnetic field in the target region for determining a flow raie of
the biood flowing through the target region. The method further includes at a processor
secured to the support, calcuiating, based on the blood oxygenation percentage and the
flow rate, a volume flow rate of oxygenated blood flowing through the target region.
[GB0E] In this specification, elements may be described as “configured (0" perform one or
more funclions or "configured for” such functions. in general, an element that is configured
to perform or configured for performing a function is enabled to perform the function, or
is suitable for performing the function, or is adapted to perform the function, or is operable

to perform the function, or is otherwise capable of performing the function.
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{00061 If is understood that for the purpose of this specification, language of “at least one
of XY, and 27 and “one or more of X, Y and 2" can be construed as X only, Y only, Z
only, or any combination of two or more ilems X, Y, and Z {e.g., XYZ, XY, YZ, ZZ, and
the like). Similar logic can be applied for two or more items in any occurrence of “at least
one ...” and “one or more...” language.

{00071 The terms “about”, “substantially”, “essentially”, “approximately”, and the like, are
defined as being “close to”, for example as understood by persons of skill in the art. In
some implementations, the terms are understood to be “within 10%,” in other
implementations, “within 5%”, in yet further implementations, “within 1%”, and in vet

further implementations “within 0.5%".

BRIEF DESCRIPTION OF DRAWINGS

[6008] Implementations are described with reference to the following figures, in which:
[0O09IFIG. 1 depicls a schematic of an example apparatus adhered to a human for
calculating a volume flow rate of oxygenated blood in use;

[00103FIG. 2 depicts a schematic of the apparatus of FIG. 1,

[6811]FIG. 3 depicts a block diagram of the apparatus of FIG. 1 according to ancther
egxample implementation;

[08121FIG. 4 depicts a flowchart of an example mathod of calculating a volume flow rate
of oxygenated blood;

[0013]FIG. B5A depicts a perspective view of an example magnetic sensor of the
apparatus of FIG. 1,

[0014]FIG. 5B depicts a cross-sectional view of the magnetic sensor of FIG. 5A; and
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{00151 FIG. 6 depicts a flow chart of an example method for generating notifications based

on the volume flow rate of oxygenated blood.

DETAILED DESCRIPTION

[0016] Studies have shown improved oufcomes when “palient-focused” physiologic
measures are used to guide resuscitation efforts. In particular, real-time monitoring of
diastolic blood pressure andfor capnographic ETcoz to direct CPR has demonstrated
improved patient survival and discharge rates. Approximately 50% of cardiac arresis are
freated by first responder emergency medical service personnel outside of a controlled
hospital setting. in such acute circumstances, insertion of invasive physiclogic monitors
during concurrent CPR is challenging and impractical, leading o suboptimal outcomes.
Accordingly, there is a need for non-invasive technologies {0 provide rescuers real-time
measurements of clinically relevant patient physiology.

[68171FIG. 1 depicts a schematic of an apparatus 100 for calculating a volume flow rate
of oxygenated blood according o the present disclosure. The apparaius 100 is removably
adhered o a skin of a human 101 adjacent a {arget region of tissue 102, In the present
implemeantation, the target region 102 is at least partially in a neck of the human 101, In
particular, the target region 102 includes a volume of {issue in the neck within range of
sensors of the apparatus 100, For example, the target region 102 may inciude a portion
of tissue in the neck including a portion of the carotid artery and/or the jugular vein. The
target region 102 may include tissue directly abutling the apparaius 100 (i.e. including the
region of skin to which the apparatus 100 is adherad), or the target region 102 may include

tissue adjacent, bul spaced away from the apparatus 100 {(i.e. tissue within the human
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101, but not including the region of skin to which the apparatus 100 is adhered, or other
peripheral regions of tissue). In some implementations, two or more apparatuses 100 may
be adhered in a bilateral configuration across the neck of the human 101, for example, to
aliow the two or more target regions 102 to measure a volume flow rate of oxygenated
blood across two carotid arteries {i.e. containing approximately 80% of blood flow to the
brain).

[0018]Referring to FiG. 2, a schematic diagram of the apparatus 100 is shown. The
apparatus 100 includes a support 200 configured {o support the internal components of
the apparatus 100. The support 200 has a first side 202 and a second side 204 opposite
the first side. For example, the support 200 may include a pad or patch including one or
more layers of material o support the internal components between the layers. The
support 200 may include a flexible material such as a woven fabric, plastic (e.g. PVC,
polyethyviene or polyurethane), latex, or other materials suitable for contact with human
skin, and flexible to conform to contours at the target region 102. The apparatus 100 also
includes an adhesive layer 206 secured {o the first side 202 of the support 200 {0
removably adhere the apparatus 100 to the skin of the human 101 at the {arget region
102. For example, the adhasive layer 206 may comprise acryiates (e.g. methacrylates,
epoxy diacrylates, vinyl resing), or other suifable adhesive materials for removably
adhering {o human skin.

[6019] The apparatus 100 includes an oplical sensor 210 secured to the support 200 at
the second side 204. The optical sensor 210 is generally configured to detect an
absorption of light by blood flowing through the target region 102 for determining a blood

oxygenation percentage of the blood flowing through the target region 102, as will be
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described in greater detail herein. The apparatus 100 further includes a magnetic sensor
220 secured to the support 200 at the second side 204. The magnetic sensor 220 is
generally configured {o detect changes in a magnetic field in the target region 102 for
determining a flow rate of blood flowing through the target region 102, as will be described
in greater detail herein.

[0020] The apparatus 100 further includes a processor 201 secured to the support 200 at
the second side 204. The processor 201 is coupled 1o at least one of the optical sensor
210 and the magnetic sensor 220. The processor 201 may include a ceniral-processing
unit (CPU), a microcontroller, @ microprocessor, a processing core, a field-programmable
gate array (FPGA), or similar. The processor 201 is generally configured to control the
components of the apparatus 100, including the optical sensor 210 and the magnetic
sensor 220 1o perform the funclionality described herein. The processor 201 is further
configured o determine the biood oxygenation percentage and the flow rate, and to
calculate the volume fiow rate of oxygenated biood flowing through the target region 102
based on the blood oxygenation percentage and the flow rate.

[00211FIG. 3 depicts a block diagram of a system 300 including the apparatus 100 in
communication with a computing device 310. The computing device 310 includes a
communications interface 312 configured to communicate with the apparatus 100 and
other computing devicas. The computing device 310 further includes a processor 314
interconnected with the communications interface 312 The processor 314 may be
configured to determine the blood oxygenation percentage, the flow rate, and the volume
fiow rate of oxygenated blood. The computing device 310 may be, for example, a deskiop

computer, g laptop computer, a tablet, a mobile phone, or other suitable device. The
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computing device 310 may further include a display {(not shown) for displaying the volume
fiow rate of oxygenated blood, or another suitable indicator for generating notifications
based on threshold conditions associated with the volume flow rate of oxygenated blood.
For example, the computing device 310 can be a portable AED device, a component of
a medical monitering system, or the like.

[0022] In particular, the optical sensor 210 includes first and second light sources 212-1
and 212-2 (referred o generically as a light source 212, and collectively as light sources
212; this nomenclature is used elsewhera herein) configured to emit light at two different
wavelengths in a direction away from the second side 204. The light sources 212 may be
for exampie, light emitling dicdes (LEDs), lasers, or the like. The optical sensor 210 further
includes a receiver 214, such as a photodiode, configured to measure an absorption of
light by the blood flowing through the target region 102, The first light source 212-1 is
configured to emit light at the first wavelength A1 (e.g. about 805 nm (within the infrared
range)) and the second light source 212-2 is configured to emit light at a second
wavelength Az (e.g. about 660 nm (within the red range)). In operation, the processor 201
is configured o control the optical sensor 210, and in particular the light sources 212 to
simuitanecusly emit light at the two different wavelengths A and A2, The receiver 214
therefore measures reflected light of the first wavelength A+ and reflected light of the
second wavelength Az, from which a first absorption of light of the first wavelength A+ and
a second absorption of light of the second wavelength Az may be calculated.

{60231 More generally, the apparatus 100 includes a suitable device configured to
measure oxygen saturation or percentage. For example, the apparatus 100 can include

a peripheral pulse oximeter instead of or in addition to the optical sensor 210, iIn other
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gxamples, end tidal CO2 measurements (ET-C02), for example as measured in intubated
patients, may also be used to instead of or in addition to the optical sensor 210 to measure
oxygen saturation or percentage.

[0024] The magnetic sensor 220 includes a magnet 222 configured to induce a magnstic
field in the target region 102 and at least two magnetic detectors 224-1 and 224-2
configured to detect changes in the magnetic field at the target region 102. The magnet
222 may be a permanent magnet such as a bar magnet or may be an electromagnet. For
example, the processor 201 may control a power supply 250 to produce a current to
induce a magnetic field at the magnet 222. In some implementations, the magnetic sensor
220 includes two or more magnets 222, For example, the magnetic sensor 220 can
inciude two or more magnets 222 spatially arranged relative to the magnetic detectors
224 to achieve a more homogeneous magnetic fisld. Specifically, two magnets 222 may
be arranged on opposite sides of the magnetic detectors 224,

[6025]In some implementations, the magnetic sensor 220 can include three or more
magnetic detectors 224 {o allow the apparatus 100 o determine a depth of the vessel
through which blood is flowing using iriangulation, as will be described further below. In
other implementations, the magnetic sensor 220 includes only two magnetic detectors
224, for exampile if the vessel is superficial (e.g. the radial artery).

{66261 In still further implementations, the magnetic sensor 220 may include a magnet
supported on a deformable material, such as a foam, gel, or the like. Upon detection of a
magnetic force, the magnet may cause the deformable maternial to mechanically deflect,
thus allowing the detecied magnetic force o be determined. Specifically, the mechanical

deflection of the deformable material may be proportional {o the magnetic force.
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[00271In the present implementation, the apparatus 100 further includes a
communications interface 230 coupled {o the processor 201, The communications
interface 230 is generally configured to allow the apparatus 100 {o communicate with
other computing devices such as the computing device 310. For example, the apparatus
100 may be configured to communicale, via the communications interface 230, the
absorption of light and the changes in the magnetic field {o an exiernal processor for
determining the blood oxygenation percentage and the flow rate, and for calculating a
volume flow rate of oxygenated blocd flowing through the target region based on the
blood oxygenation percentage and the flow rate. The communications interface 230 may
inciude a wireless transmitter (2.q. a Bluetooth transmitier) or other suitable hardware for
aliowing the apparatus 100 {o communicaie with other computing devices.

{60281 In the present implementation, the apparatus 100 further includes an indicator 240
and the power supply 250, The indicator 240 is generally configured to generate a
notification based on the volume flow rate of oxygenated blood. The indicator 240 is
interconnected with the processor 201, which is configured to control the indicator 240 io
generate the notifications. The notifications may include one or more of: an auditory signal
and a visual signal. For example, the indicator 240 includes LED lights 242-1, 242-2, and
242-3. Each LED light 242 may correspond to a different nofification and may be
configured {o amit different wavelengths of light (i.e. different colours). In particular, the
processor 201 may be configured to contfrol the indicator 240 o emit different signails via
the LED lights 242 upon detection of various different threshold conditions associated
with the volume flow rate of oxygenated blood, as will be described further below. In other

implementations, the indicator 240 may include a speaker, and the signal may be an
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auditory signal. For example, the auditory signal may include three different tones,
messages or instructions based on the different threshold conditions.

[0829] The power supply 250 is elecirically connected to the optical sensor 210 and the
magnetic sensor 220 and is generally configured to supply power to the optical sensor
210 and the magnetic sensor 220. The power supply 250 is also interconnected with the
processor 201, which is configured {o control the power supply 250,

[0030] Turning now to FiG. 4, an example method 400 for caiculating the volume flow rate
of oxygenated blocd in the target region is depicted. For ease of description, the method
400 will be described in connection with the apparatus 100 as illustrated in FIG. 1 and
FIG. 2. In some implementations, the method 400 may also be implemented or performed
using another suitable system.

[00317At block 405, the optical sensor 210 detects an absorption of light by blood flowing
through the target region 102. In particular, the receiver 214 measures a first absorption
of light of the first wavelength A+ and a second absorption of light of the second
wavelength A2, In some implemeniations, the first and second absorption values are
communicated to the processor 201 for further processing. In other implementations, the
first and second absorption values are communicated to the computing device 310 via
the communications interface 230 for further processing.

[6832] At block 410, the magnetic sensor 220 detects changes in the magnatic field in the
target region 102, The changes in magnetic field may also be communicated o the
proceassor 201 or the computing device 310 for further processing.

{08337 At block 415, the volume flow rate of oxygenated blood flowing through the target

region 102 is calculated. In particular, the volume flow rate of oxygenated blood is
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calcuiated based on biood oxygenation percentage and flow rate. In the present
implementation, block 415 will be described in connection with its performance by the
processor 201. In other implementations, biock 415 may be performed by the computing
device 310, and in particular, the processor 314, or other suitable systems.

{6034] The processor 201 is configured to determine the blood oxygenation percentage
of blood flowing through the target region 102 based on the absorption of light as detected
by the optical sensor 210 at block 405 The blood oxygenation percentage may be
determined based on a ratic of absorbance of light of a first wavelength A and a light of
a second wavelength Az, In particular, the concentrations of oxyhemoglobin (ie.
oxygenated blood) and deoxyhemogiobin (i.e. deoxygenated blood) may be calculated
based on the absorption of light of wavelengths A+ and Az and predefined parameters for
describing light absorption by oxyhemoglobin and deoxyhemoglobin, The blood
oxygenation percentage may then be determined based on the ratio of the concentration
of oxygenated blood to the sum of the concentrations of oxygenated and deoxygenated
blood.

[0035] The processor 201 is further configured to determine the flow rate of blood flowing
through the target region 102 based on changes in the magnetic field in the target region
102 as detected by the magnetic sensor 220 at block 410, The flow rate of blood flowing
through the targat region 102 may be determined based on the changes in magnetic field
detected at the target region 102. Specifically, an integrated area under the curve per
paak in the signal detectad by the magnetic sensor 220 may be used. Oxyhemoglobin is
diamagnetic, meaning that in the absence of an applied magnetic field, it exhibits zero net

magnetic moment and only weakly creates an opposing magnetic moment to an applied
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external field. In contrast, deoxyhemaoglobin is paramagnetic, meaning that application of
an external magnetic field aligns the magnstic moment in-line with the field. Therefore,
the presence of deoxyhemoglobin enhances the magnetic field (i.e. it increases magnetic
fiux density).

{08361 A net magnetization vector centered on the middle of the cross-section of a blood
vessel may be defined based on a number of paramagnetic dipoles, and an effective
volume of a dipole . The value of the net magnetization vector is a function of time since
it varies with blood flow, with an amplitude of signal related o the change in magnetic flux
density corresponds 1o the wvolume flow rate of blood through the vessel, given by
multiplying the mean velocily of biood flow by the vessel cross-seclional area. When the
velocity of blood flow is multiplied by the vessel cross-sectional area, it gives the volume
fiow rate of blood. The signal detected by the detectors 224 is proportional to the temporal
variation in the net magnetization vector. In particular, the signal amplitude is dependent
on the value of the net magnetization vector and the distance of the vessel from the
detector 224. The geometric configuration of the detector 224 may therefore be used 1o
locatize the vessel.

[0037]For example, FIG. 5A depicts the magnetic detectors 224-1, 224-2 and a third
magnetic defecifor 224-3 spaced in a plane 502 approximately perpendicular {o the
direction of the vessel, as well as magnets 222-1 and 222-2 to provide a homogenous
magnetic field. This gives the geometric arrangement demonstrated in FIG. 5B. The value
M represents the net magnetization vecior. The values ry, 2 and rs represent the
respective distances from the center of the vessel to each of the detectors 224, The value

d represents the spacing between detectors 224, and the values s and ! represent x and
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vy coordinates of the center of the vessel relative {o the first detector 224-1. The distances
5 and [ may be determined based on amplitude of the changes detected by the magnetic
detectors 224 and the geometric relationships between the detectors 224 and the vessel.
[0038) Having determined the placement of the vesssl, the magnitude of the magnetic
field generated by the magnet 222 may be determined based on the depth of the vessel.
For example, a relationship between the depth of the vessel and the magnitude of the
magnetic field may be prestored based on experimental data. Accordingly, the apparatus
100 may retrieve the magnitude of the magnetic field based on the determined depth of
the vessel. Finally, the measured signal intensities may be correlated with the magniiude
of the magnetic field o obtain a quantitative measure of the amount of paramagnetism
present, which corresponds to the volume flow rate of deoxyhemoglobin.

(068391 In some implementations, the {arget region 102 may be the neck of a patient, and
the apparatus 100 may be positioned over the carotid artery. Accordingly, the biood
oxygenation percentage and the volume flow rate of deoxygenated bicod may be used {0
calculate the overall volume flow rate and the volume flow rate of oxygenated blcod.
Conversely, the apparatus 100 may be positioned over the jugular veins to determine an
overall volume flow rate (based on the jugular veins containing primarily deoxygenated
blood) and calculate the volume flow rate of oxygenated biood based on the overall
volume flow rate and the bicod oxygenation percaentage.

{60407 In some implementations, the processor 201 may further be configured to separate
paramagnetic signals from the carotid artery and adjacent internal jugular veins using a
Fourier analysis. In particular, high frequencies may be used to exiract the carotid signal,

white lower frequencies correspond to the flow through the jugular veins.
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{00411 Al block 415, the processor 201 may further be configured to control the indicator
240 to generate a notification based on the calculated volume flow rate of oxygenated
blood. For example, the processor 201 may generate a notification according to the
example method 600 depicted in FIG. 8.

{00427 At block 805, the processor 201 is configured o determine if the volume flow rate
of oxygenated blood is above a first threshold. For example, the first threshold may
represent a minimum desired volume of oxygenated blood. If the determination is
affirmative, the processor 201 is configured to proceed to block 610, Al block 610, the
processor 201 is configured to confrol the LED light 242-1 o emit a first signal. For
gxample, the first signal may be a green light, or an auditory signal indicating that the
minimum desired volume of oxygenated blood is being achieved.

(004311 the determination at block 805 is negative, the processor 201 is configured o
proceed to block 815, Al block 615, the processor 201 is configured {o determine if the
fiow rate is below a second threshold. For example, the second threshold may represent
a minimum desired flow rate. if the flow rate of blood in the target region is below the
second threshold, the processor 201 is configured to proceed {o block 820,

[60844] At block 820, the processor 201 is configured to control the LED light 242-2 to emit
a second signal. For example, the second signal may be an orange light or an auditory
signal indicating that the flow rate of blood in the target region should be increased (e.q.
by increasing the rate or depth of compressions during CPR) in order to increase the
volume flow rate of oxygenated blood.

{00481 1f at block 815, the processor 201 determines that the flow rate of blood in the

target region is above the second threshold, the processor 201 is configured to proceed
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to block 825, At block 825, the processor 201 is configured {o control the LED light 242-
3 to emit a third signal. For example, the third signal may be a red light or an auditory
signal indicating that the blood oxygenation percentage of biood in the target region
should be increased (e.g. by providing ventilation {o increase oxygen during CPR) in order
to increase the volume flow rate of oxygenated blood.

[0046] The present disclosure provides an non-invasive apparatus and method for
calculating the volume flow rate of oxygenated blood. The apparatus may be used, for
example, during CPR o determine the amount of oxygen flowing through the neck. In
particular, the volume flow rate of oxygenated blood flowing through the neck provides a
good indication of the amount of oxygenated biood flowing to the brain. In particular, about
80% of cerebral blood flow is provided via the carolid arieries, hence measuring
oxygenated blood in the carolid arteries provides a surrogate measure of cerebral
perfusion achieved during CPR.

[060471in some implementations, the apparatus itself may be compact and battery-
powered, requiring no outside power sources and no additional devices for interpretation.
in particular, the apparatus may include indicators, such as visual indicators configured
to generate nolifications based on the volume flow rate of oxygenated blood. For
example, the apparatus may emit a first signal when the volume flow rate of oxygenated
blood is sufficient for providing oxygen o the brain. The apparatus may emit a second
signal when the volume flow rate of oxygenated blood and the flow rate are low, indicating
that flow rate should be increased {o increase the volume flow rate of oxygenated biood.
For example, the apparstus may include an indicator to indicate to a rescuer that

increased rate or depth of comprassions is required. In other implementations, the second
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signal may be emiited when the volume flow rate of oxygenated bicod is low and the
blocd oxygenation percentage is high, which similarly indicates that flow rate should be
increased the volume flow rate of oxygenated blood. The apparatus may emit a third
signal when the volume flow rate of oxygenated blood is low and the flow rate is high,
indicating that bloed oxygenation percentage should be increased. For example, the
apparatus may include an indicator to indicate to a rescuer that ventilation is required to
provide oxygen to the blood and hence increase the blood oxygenation percentage. In
other implementations, the third signal may be emitted when the volume flow rate of
oxygenated blood and the blood oxygenation perceniage are low.

[0048] The apparatus therefore provides real-ime monitoring of volume flow rate of
oxygenated biood during CPR. Further, in some implementations, the calculation of the
volume flow rate of oxygenated blood and the indicators are provided in the apparatus
itself. The apparatus may therefore be used as a stand-alone assistive medical device o
provide real-time feedback o the rescuer, with no wires or other connections required
which may interfere or otherwise be disconnected during CPR.

[0049] Moreover, in some implementations, the apparatus includes a communications
interface configured to wirelessly transmit data {(e.g. via Bluetooth, or ancther suitable
wireless communication protocol) to an exiermnal computing device. In some
implemeantations, the caiculation of the volume flow rate of oxygenated blood may be
provided in the apparatus iiself. The apparatus may therefore be configured (o
communicate the results io the external computing device for display or further
processing. In addition, in some implementations, the apparatus may be configured to

communicate the detected absorption of light and changes in magnestic field to the
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external computing device for calculating the volume flow rate of oxygenated blood,
display, and further processing. For example, the external computing device may display
the values of the blood oxygenation percentage, flow rate and the volume flow rate of
oxygenated bloed. In addition to or instead of auditory or visual notifications, some
implementations may provide real-ime measurements of the volume flow rate of
oxygenated biocod to other devices, such as ventilation support machines, chest
compression machines or other CPR assistive devices to allow for adjustments in their
cperation. That is, the cperational parameters of CPR assisiive device may be modified
in real time in response o the volume flow rate of oxygenated blood {0 increase the
efficacy of the assistive device in performing CPR.

[0050] In still further implementatlions, the apparatus may be used during other medical
procedures, such as surgical procedures, to frack volume flow rate of oxygenated blood
to the brain or other major organs. For example, the apparatus may be used as a
surrogate measure of cerebrai blood flow {CBF) in neurc-intensive care unit patients with
concern for increasing intracranial pressure (ICP). Specifically, as ICP increases, CBF
decreases; accordingly, the apparatus may be used in a non-invasive manner by
providing a real-time continuous monitoring for changes (decreases) in CBF in patients
with clinical concern for developing increased iICP {(e.g. head trauma patients). Thus
invasive measures such as a burr hole with insertion of a probe into the brain parenchyma
may be avoided. The apparatus may also assess ratios of volume flow rates of
oxygenated biood to the brain from the right and left carolid arteries for use in detecting

and monitoring acute ischemic stroke and carotid stenosis. In some implementations, the
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apparatus may also provide feedback suitable for use outside a hospital environment, for
example, by patients as an at-home monitor of dialysis fistulas.

[0851]In other examples, the apparatus may be used to monitor tissue oxygenation
during peripheral revascularization procedures.

[00652] The scope of the claims should not be limited by the embodiments set forth in the
above examples, but should be given the broadest interpretation consistent with the

description as a whole.
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CLAIMS

1. An apparatus comprising:

a support having a first side and a second side opposite the first side, the support
configured to be removably adhered to a skin of a human adjacent a target
region of tissue;

an optical sensor secured o the support at the second side of the support to
detect an absorption of light by blood flowing through the targset region for
determining a blood oxygenation percentage of the blood flowing through the
target region;

a magnetic sensor secured to the support at the second side of the support to
detect changes in a magnetic field in the target region for determining a flow
rate of the blood flowing through the target region; and

a processor securad to the support and coupled to at least one of the opiical
sensor and the magnetic sensor for determining the blood oxygenation
percentage and the flow rate and calculating a volume flow rate of oxygenated
blood flowing through the {arget region based on the blood oxygenation

percentage and the flow rate.

2. The apparatus of claim 1, further comprising a power supply electrically connected io
at least one of the optical sensor and the magnetic sensor, the power supply configured

to supply power {0 the at least one of the optical sensor and the magnetic sensor,
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3. The apparatus of claim 1, wherein the optical sensor comprises:
a light source configured to emit light at two different wavelengths in a direction
away from the second side; and
a receiver configured to measure the absorption of light by the blood flowing

through the target region.

4. The apparatus of claim 1, wherein the magnetic sensor comprises:
a magnet configured {o induce the magnetic field; and
at least two magnetic detectors configured {o detect the changes in the magnetic

field at the target region.

5. The apparatus of claim 1 further comprising an indicator secured {0 the support at the
second side and coupled to the processor, the indicator configured to generate a

notification based on the volume flow rate of oxygenated bicod.

8. The apparatus of claim 5, wherein the notification comprises one or more of. an

auditory signal and a visual signal.

7. The apparatus of claim 5, wherein the indicator is configurad to:
emit a first signal when the volume flow rate of oxygenated blood is above a first
threshold;
emit a second signal when the volume flow rate of oxygenated blood is below the

first threshold, and the flow rate is below a second threshold; and
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emit a third signal when the volume flow rate of oxygenated blood is below the

first threshold, and the flow rate is above the second threshold.

8. The apparatus of claim 1, further comprising a communications interface secured to

the support and coupled to at least one of the oplical sensor, the magnetic sensor, and
the processor, the communications interface configured fo communicate at least one of
the blood oxygenation percentage, the flow rate, and the volume flow rate of

oxygenated blood 0 an exiernal processor.

9. The apparatus of claim 1, further comprising an adhesive layer secured o the first
side of the support to removably adhere the support to the skin of the human adjacent

the target region.

10. The apparatus of claim 1, wherein the target region is at least parlially in a neck of

the human.

11. A method comprising:
detecting, at an optical sensor secured to a second side of a support of an
apparatus, an absorption of light by blood flowing through a target region of
tissue of a human, the absorption of light for determining a blood oxygenation

percantage of the blood flowing through the targst region;
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detecting, at a magnetic sensor secured to the second side of the support,
changes in a magnetic field in the target region for determining a flow rate of
the blood flowing through the target region; and

at a processor secured to the support, calculating, based on the blood
oxygenation percentage and the flow rate, a volume flow rate of oxygenated

blood flowing through the target region.

12. The method of claim 11, further comprising supplying power to at least one of the
optical sensor and the magnetic sensor by a power supply electrically connected to the

at least one of the optical sensor and the magnetic sensor.

13. The method of claim 11, wherein the detacting, at the optical sensor, the blood
oxygenation percentage comprises:
emitting, by a light source, light at two different wavelengths in a direction away
from the support, and
measuring, by a receiver, the absorption of light by the blood flowing through the

target region.

14. The method of claim 11, wherein the detacting, at the magnetic sensor, the flow rate

comprises:

inducing, by a magnet, the magnetic field in the target region; and
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detecting, by at least two magnetic detectors, the changes in the magnetic field

at the target region.

1&. The method of claim 11, further comprising generating a notification based on the

volume flow rate of oxygenated blood.

16. The method of claim 15, wherein the notification comprises ong or more of. an

auditery signal and a visual signal.

17. The method of claim 15, wherein generating the nofification comprises:
emitting a first signal when the volume fiow rate of oxygenated blood is above a
first threshold:
emitting a second signal when the volume flow rate of oxygenated blood is below
the first threshold, and the flow rate is below a second threshold: and
emitting a third signal when the volume flow rate of oxygenated blood is below

the first threshold, and the flow raie is above the second threshold.

18. The method of claim 11, further comprising communicating, via a Bluefooth
transmitter, the blood oxygeanation percentage and the flow rate 1o a second processor

housed external to the apparatus to calcuiate the volume flow rate of oxygenated biood.

18. The method of claim 11, further comprising adhering the support to a skin of the

human at the target region.
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20. The method of claim 11, wherein the target region is a neck of the human.

21. An apparatus comprising:

a support having a first side and a second side opposite the first side, the support
configurad to be removably adhered to a skin of a human adjacent a target
region of tissue

an optical sensor secured {o the support at the second side of the support o
detect an absorption of light by blood flowing through the target region for
determining a blood oxygenation percentage of the blood flowing through the
target region;

a magnetic sensor secured to the support at the second side of the support to
detect changes in 2 magnetic field in the target region for determining a flow
rate of the blood flowing through the target region; and

a communications interface coupled o at least one of the oplical sensor and the
magnetic sensor, the communications interface configured to communicate the
absorption of light and the changes in the magnetic field to an extemail
processor for determining the biood oxygenation perceniage and the flow rate
and calculating a volume flow rate of oxygenated blood flowing through the

target region based on the blood oxygenation percentage and the flow rate.



