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FIGURE 1

(57) Abstract: A wearable device includes a detector con-
figured to detect a response signal transmitted from a por-
tion of subsurface vasculature, the response signal being re-
lated to binding of a clinically-relevant analyte to function-
alized particles present in a lumen of the subsurface vascu-
lature. Program instructions stored in a computer readable
medium of the device, and executable by a processor, may
cause the device to determine a concentration of the clinic-
ally- relevant analyte based on the response signal detected
by the detector; determine whether a medical condition is
indicated based on at least the concentration of the clinic-
ally-relevant analyte; and, in response to a determination
that the medical condition is indicated, transmit data repres -
entative of the medical condition via the communication in-
terface. The device may also include a signal source con-
figured to transmit an interrogating signal into the portion of
subsurface vasculature, thereby generating a response signal
in response to the interrogating signal.
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PHYSIOLOGICAL MEASUREMENT USINGWEARABLE DEVICE

BACKGROUND
166613 nless otherwise mdicated herein, the materials described in this section are not
prior art o the claims in this application and are not admitted to be prior art by inclusion in this
section.
{3082} A number of scientific methods have been developed i the medical field tw
measure physiclogical conditions of a person. For example, dovices oxist that may be used to
measure physiclogical conditions such as a user’s heart rate, blood pressure, skin temperature,
breathing rate, etc.
[6063] Additional physiclogical parameters may be obtained by detecting and/or
measuring one or more analytes in a person’s blood. The one or more analytes could be any
analytcs that, when present in or absent from the blood, or present at a particular concentration
or range of concentrations, may be indicative of a medical condition or health of the person.
The one or more analytes could inchide enzymes, hormones, proteins, cells or other molecules.
168041 In a typical scenario, a person’s blood is drawn and seut to a lab where a variety
of tests are performed o measure various analyte levels and parameters in the blood. The
varicty of tests may be referred to as “blood work,” where the blood s tested for the presence
of various discases, or analyte levels such as cholesterol lovels, etc. For most people, the blood
tests are infrequent, and an abnormal analyte level indicative of a medical condition may not be
wdentified until the next blood test 15 performed.
[B085] Even in the case of relatively frequent blood testing, such as may be found with
those with diabetes, who regularly draw bloed to test for blood glucose concentrations, those
blood tests are typically performed when the user is awake, although the blood glucose lovels
{and potential variations in such levels) occurring during the night could provide important

information to assist a physician 1o assessing that person’s medical condition.

SUMMARY
18806} Some embodiments of the present disclosure provide a wearable device,
inclading: (1) a mount configured to mount the wearable device to an external body surface
proximate {0 a portion of subsurface vasculature; (1) a detector contigured to detect a response
signal transmitted from the portion of subsurface vasculature, wherein the response signal is
related o binding of a clinically-relevant analytc to functionalized particles present in a Jumen
of the subsurface vasculature, the fimctionalized particles configured to bind fo the clinically-

refevant analyte; (111 a communication interface; (1v) a processor; {(v) a computer-readable
o b2 L AN A b 7
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mediuny and (vi) program instructions stored in the computer-readable medium, wherein the
program instructions are executable by the processor to cause the wearable device to perform
functions comprising: detecting the presence or absence of the chinically-relevant analyie based
on the response signal detected by the detecior; and determining whether a medical condition is
indicated bascd on at least the presence or absence of the clinically-relevant analyte; and in
response to a detormination that the medical coundition is indicated, transmutting data
representative of the medical condition via the communication interface. In some examples the
body surface comprises a wrist. The mount may comprise a wristband or cuff. The functions
may further coroprise determaining a concentration of the clinically-relevant analyte based on
the response signal detected by the detector; and determining whether a medical condition is
imdicated based on at least the concentration of the chinically-relevant analyte.

{68471 in a further example, the wearable device comprises 8 signal source configured
to transmit an interrogating signal futo the portion of subsurface vasculature, wherein the
response signal 15 generated in response to the interrogating signal. The interrogating signal
may comprise an electromagnetic pulse. The clectromagnetic pulse may be a radio frequency
(RF) pulsc and the response signal may comprise a magnetic resonance signal. In a further
exanaple, the inferrogating signal comprises 2 time-varying magoetic ficld.  The response
signal may comprise an externally-detectable physical motion of the functionalized particles
duc to the time-varying magnetic field. In a further example, the mtorrogating signal
comprises clectromagnetic radiation having a wavelength between about 400 nanometers and
about 1600 nanometers. The interrogating signal may comprise clectromagnetic radiation
having a wavelength between about 500 nanometers and about 1800 nanometers. In some
examples, the functionalized particles comprise a fluorophore, the responsc signal may
comprise fluorcscence radiation transmitted by the fluorophore in response to the intorrogating
signal. In still further examples, the functionalized particles comprise a chemo-luminescent
markes, and wherein the response signal comprises fluorescence radiation transmiticd by the
chemo-luminescent marker in response 1o a chemical reaction initiated, at least in part, by the
binding of the target analyte to the particle apon undergoing a chemical reaction.

6088} In some examples, the functionalized particles are magnetic and the wearable
device further comprises a magnet configured o direct a magactic field into the portion of
subsurface vasculature, wherein the magnetic field is sufficient to cause functionalized
magnetic particles to coliect in a lumen of the portion of subsurface vasculature.

[6069] The wearable device may, in some examples, comprise a user interface, and the
functions may further comprise: reporting the presence or absence of the chinically relevant

analyte via the user imterface. The functions may further comprise: in response to a
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determination that the medical condition is indicated, gencrating an alert via the user interface.
18616} In stili further examples, the functions further comprise: controlling the signal
source o transmit interrogating signals at preset measurement times; receiving, from the
detector, data representative of response sigpals transmitted from the portion of subsurface
vasculature in response to the interrogating signals transmitied at the preset measurement
times; detecting, for each preset measurement time, the presence or absence of the chinically-
relevant analyte based on the response signal detected by the detector at that measurement
time; and determining, for each preset measurement time, whether the medical condition is
indicated based on at least the presence or absence of the clinically-relevant avalyte. The
functions may further comprise: determiming, for cach preset measwwement time, 4
corresponding concentration of the clinically-relevant analyte based on the response signal
detected by the detecior at that mcasurcment time; and determining, for each preset
measurement time, whether the medical condition is indicated based on at lcast the
corresponding concentration of the clinically relevant analyte.

LTIEN Y Some embodiments of the present disclosure provide a method, including: (3)
transmitiing, from a wearable device, an interrogating signal into the portion of the subsurface
vascitiature; (11} detecting, by the wearable device, a response signal transmitted from the
portion of subsurface vasculature in response to the interrogating signal, wherein the response
signai is related to binding of a chinicaily-relevant analyie to functionalized particles present in
a lumen of the subsurface vasculature, the functionalized particles being configured to bind o
the chinically-relevant analyte; (i) detecting, by the wearable device, the presence or absence
of the clinically-relevant analyte based on the response signal; and (iv) determining, by the
wearable device, whether a medical condition is indicated based on at least the presence or
absence of the clinicaliy-relevant analyte; wherein the wearable device is counfigured to be
mounted to a body surface of a uman subject proximate 0 a portion of subsurface vasculature.
The method may further comprise: determining, by the wearable device, a concentration of the
chinically-relevant analytc based on the response signal; and determining, by the wearable
device, whether a medical condition s indicated based on at least the concentration of the
chnically-relevant analyte.

13012} Some embodiments of the present disclosure provide a wearasble device,
ncluding: (i) a mount configured to externally mount the wearable device to the surface of a
wrist proximate to a portion of subsurface vasculature; {11} a magnet configured to dircet 2
magaetic ficld into the portion of subsurface vasculature, wherein the maguoetic field is
sufficient to cause functionalized magnetic particles to collect in a fumen of the portion of the

subsurface vasculature, and wherein the functionalized magnetic particles are configured to
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bind to a clinically-relevant analyte; (iit) a signal sowrce configured to trapsmit ap
clectromaguetic pulse interrogating signal into the portion of subsurface vasculatime; () a
detector configured to detect 8 magnetic resonance response signal transmitted from the
portion of subsurface vasculature in response to the interrogating signal, wherein the response
signal is related to binding of the clinically-relevant analyte to the functionalized magnetic
particles; and (v) a user interface; wherein the mount s configured to mount the signal source
and detector to an anterior surface of 4 wrist and the user interface to a posterior surface of a
wrist, The electromagnetic pulse may be a radio frequency (RF) pulse. In some examples, the
mount compriscs a wristband.

6613} In some examples, the wearable device further comprises: a processor; a
computer-readable medium; and program instructions stored in the computer-readable medium,
wherein the program instructions are executable by the processor fo cause the wearable device
to perform functions comprising: detecting the presence or absence of the clinically-relevant
analyie based on the response signal detected by the detector; and determining whether a
medical condition is indicated based on at least the presence or absence of the clinically-
relevant analyie. The wearable device may further comprise: a communication interface,
wherein the functions further comprise: in response 10 a deterounation that the medical
condition is indicated, transmitting data representative of the wmedical condition via the
communication imterface. The communication interface may be a wireless communication
interface.

{3014} These as well as other aspects, advantages, and alternatives, will become
apparent to those of ordinary skill in the art by reading the following detailed description, with

reference where appropriate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
{6815} Figure 1 is a perspective view of an example wearable device.
[68146] Figure 2A is a perspective top view of an example wrist-mounted device, when
mounted on a wearer’s wrist,
68171 Figore 2B is a perspective bottom view of an example wrist-mouvnted device
shown in Figure 2A, when mounted on a wearer’s wrist.
16618] Figure 3A is a perspective bottom view of an example wrist-mounted device,
when mounted on 8 wearer’s wrist.
{6819 Figure 3B is a perspective top view of an cxample wrist-mounted device shown
in Figure 3A, when mounted on a wearer's Wrist,

8026} Figure 3C is a perspective view of an example wrist-mounted device shown in
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Figures 3A and 3B.
16621} Figure 4A is & perspective view of an example wrist-mounted device.
16622} Figure 4B is a perspective bottom view of an example wrist-mounted device
shown in Figure 4A.
(8623} Figure 5 is a perspective view of an example wrist-mounted device.
[6024] Figure G is a perspective view of an example wrist-mounted device.
[B025] Figore 7 is a block diagram of an example systern that includes a plarality of

wrist mounted devices in communication with a server.

16626} Figure § 15 a functional block diagram of an example wearable device.

16627 Figure 9 18 a functional block diagram of an example wearable device.

16028} Figure 1{} is a flowchart of an exampie method for operating a wearable device.
[8029] Figure 11A is side partial cross-sectional view of a wrist-mounted device, while

on a hyman wrist,
{8836 Figure 118 is side partial cross-sectional view of a wrist-mounted device, while
on a human wrist,
1831} Figure 124 is side partial cross-sectional view of a wrist-mounted device, while
on a huyman wrist,
{8032} Figure 128 is side partial cross-sectional view of a wrist-mounted device, while
on a human wrist.
[8033] Figure 13A is side partial cross-sectional view of a wrist-mounted device, while
on a human wrist,
LIRES Figure 3B 1s side partial cross-sectional view of a wrist-mounted device, while

on 3 human wrist.

BETAILED DESCRIPTION
{6835} in the following detailed description, reforence is made to the accompanying
figures, which form 2 part hereof.  In the figures, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described in the
detailed description, figures, and claims are not meant to be Bmiting. Other embodiments may
be utilized, and other changes may be made, withowt departing from the scope of the subject
matter presented berein. It will be readily understood that the aspects of the present disclosure,
as generally described herein, snd illustrated in the figures, can be arranged, substituted,
combined, separated, and designed in a wide variety of different configurations, all of which

are explicitly contempiated herein.
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L Overview
16636} A wearable device can automatically detect and wmeaswre a plurality of
physiclogical parameters of a person wearing the device. The physiological parameters could
inchide any parameters that may relate to the heahth of the person wearing the wearable device.
For example, the wearable device could include sensors for measuring blood prossure, pulse
rate, skin temperatore, ote. At least some of the physiological parameters may be obtained by
the wearable device non-invasively detecting and/or measuring one or more analytes in blood
circolating in subsurface vasculature proximate o the wearable device. The one or maore
analytes could be any analyies that, when prescnt in or absent from the blood, or present at a
particular concentration or range of concentrations, may be indicative of a medical condition or
health of the person wearing the device. For example, the one or more analytes could include
enzymes, hormongs, proteins, cells or other molecules.
8037} The wearable device can include a mount that is configured to mount the device
to a specific surface of the person’s body, more particularly, to a body location where
subsurface vasculature is readily observable. For example, the wearable device can include 2
wristband for mounting the wearable device on the wrist. In this position, the wearable device
may be enly about 2-4 millimeters away from the midpoeint of an artery, capiflary or vein in the
wrist.
[8038] in an example embodiment, the wearable device obtains at least some of the
bealth-related juformation by detecting the binding of a clinically-relevant analyte to
fimctionalized particles, for example, microparticles or nanoparticles mtroduced into a lumen
of the subsurface vasculature. The term “binding” is understood in its broadest sense to also
include a detectable interaction botween the clinically relevant analyte and the functionalized
particies. The particles can have a diameter that is less than about 20 micrometers. In some
embodiments, the particles have a diameter on the order of about 10 nm to Tum. In further
embodiments, small particles on the order of 10-100nm in diameter may be assembled to form
a larger “clusters” or “asscmblics on the order of 1-10 micrometers. Those of skill in the art
will understand a “particle” in its broadest sense and that it may take the form of any fabvicated
material, a molecule, cryptophan, a virus, a phage, ete. Further, a particle may be of any shape,
for example, spheres, rods, non-symmetrical shapes, eic.
18639} In some cxamples, the particles may be magnetic and can be formed from 2
paramagnetic, super-paramagnetic or ferromagnetic material or any other material that
responds to a magnetic figld. Alternatively, the particles may alse be made of non-magnetic
materials such as polystyrene.

[3848] The particles, or a group of several particles in a complex, may be
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functionalized with a recepior that has a specific affinity to bind to or interact with a clinically
relevant analyte. The receptor may be inherent to the particle itself. For exanple, the particle
itself may be 4 virus or a phage with an inherent affinity for certain analytes. Additionally or
alternatively, the particles can be functionalized by covalently attaching a receptor that
specifically binds or otherwise recognizes a particular chinically-relevant analyte.  The
functionalized receptor can be an antibody, peptide, vucleic acid, phage, bacteria, vitus, or any
other molecule with a defined affinity for a target analvte.  Other compounds or molecules,
such as fluorophores or auiofluorcscent or luminescent markers, which wmay assist in
interrogating the particles in vivo, may also be attached to the particles.

16641} The functionalized particles can be introduced inte the person’s blood stream by
fjection, ingestion, inhalation, transdermally, ¢r in some other manner. Where magnetic
particles arc used, the wearable device may inclode a magnet that can direct inio the portion of
subsurface vasculature a magnetic field that is sufficicnt {0 causc the functionalized magnetic
particles to collect i a lumen of that portion of subsurface vasculature.  However,
measurements may be taken without localized “collection” of the functionalized particles. The
wearable device may be configured to activate the magnetic periedically, such as at certain
times of every day (e.g., every hour),

18642} The wearable device may further include one or more data collection systems
for interrogating, in a noun-invasive manner, the functionalized particles present in a lumen of
the subsurface vasculature in the local arca of the wearable device. In one cxample, the
wearable device includes a signal source for transmitting an interrogating signal that can
peneirate the wearer’s skin into the portion of subsurface vasculature and a detoctor for
detecting a response signal that is transmitied from the portion of subsurface vasculature in
respounse o the interrogating signal. The mterrogating signal can be any kind of signal that is
benign to the wearer and results in a response signal that can be used to detect binding of the
clinically-relevant analyte to the functionalized particles. In one example, the interrogating
signal is a radio frequency (RF) signal and the response signal is 2 magoetic resonance signal,
such as nuclear magoetic resonance (NMR)}.  In another example, where the functionalized
particles include a flaorophore, the interrogating signal 1s an optical signal with a wavelength
that can excite the fluorophore and penetrate the skin or other tissuc and subsurface vasculature
{c.g., a wavelength in the range of about 500 to about 1000 nancroeters), and the response
signal is fluorescence radiation from the fluorophore that can penetrate the subsurface
vasculature and tissue to reach the detector.

18043} Further, in some cascs, an nforrogating signal may not be necessary to produce

a response signal. For example, where the functionalized particles include an autofluorescent
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or Juminescent marker, an interrogating signal may not be pecessary. In some examples, the
functionalized particles may include a chemo-luminescent marker configimed to produce a
response signal in the form of fluorescence radiation produced m vesponse to a chemical
reaction initiated, at least in part, to the binding of the target analyte to the particle.

[B044] The wearable device can alse include one or more data collection systems that
do not make use of functionalized particles. For example, the wearable device can include
sensors for measuring blood pressure, pulse rate, skin temperature, or other parameters. If m
the form of & wristband, the wearable device may also include a waich face for displaying the
time and/or date.

16645} In addition, the wearable device may be configured to analyze the data that it
collects. For example, the wearable device may include a computing device that is configured
to detect the presence or absence of the clinically-relevant analyte and, in some cxamples, to
further determine a concentration of the clinically-relevant analvte based on the respouse signal
detected by the detector and determine whether a medical condition 13 indicated based on at
least the presence, absence and/or concentration of the chinically-relevant analyte. In some
examples, & medical condition may be indicated based, at feast in part, on the fact that a
particular clinically-relevant analyte is absent from the blood or is present in the blood at 2
lower than normal concentration, such as when a target analyte is being taken up by a tumor,
The wearable device may be configured to conduct such an “inverse” test by recognizing that a
particular class of functionalized particles docs not produce a responsive signal proportional to
the amount of that class of particles introduced 1to a lumen of the vasculature. The wearable
device may also include a user interface that can display the results of the data analysis, such as
whether the clinically-reievant apalyte is present and in what concentration. In this way, the
person wearing the device can be made aware of medical conditions in real time. The
wearable device may also be configured to produce an auditory or tactile (vibration) response
to alert the person wearing the device of a medical condition.

[Bd46] The wearable device may further include a communication interface for
transmitting the results of the data analysis to medical personnel and/or receiving instructions
or recommendations based on a medical personne] or remote computing device’s interpretation
of those results. In some examples, the communication interface is a wireless conununication
interface.  The communication interface may also include a universal serial bus (USBE)
mterface, a secure digital (SD) card interface, a wired mterface, or any other appropriate
interface for communicating data from the device (o a server. The term “server” may include
any system or device that responds to requests across a computer network to provide, ot helps

to provide, a network service, and may include servers run on dedicated computers, mobile
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devices, and those operated in a cloud computing network.

18647} As one possible exaraple, the presence of an vnstable arterial plaque that could
potentially canse a heart attack or stroke is often associated with an increase i certain protein
markers in the blood. A person who may be at risk for this medical condition may take
particles that are functionalized to bind to such protein markers and may wear on his or her
wrist a device that 15 configured to periodically (e.g., every hour) collect and wterrogate the
fimctionalized particles to determine the concentrations of the protein markers. It the device
determines that the concentrations of the protein markers indicate an elevated risk of & heart
attack or other life-threatening opisode, the device may generate an alert through the user
mterface (e.g., an audiblc alarm) so that the person wearing the device can seck immediate
medical attention.

[8048] The wearable device may obtain data in ecach of a phuality of measurement
periods. The length of the measurement period may be set on the device itself or may be sot
remotely, for example, by fustruction from a remote server. The device may be configured
with many measurement periods each day—for example, continuous, every second, every
minute, every hour, every & hours, etc.—or may be configured to take measurements once a
week or once a month. The measurcment periods can extend through a plurality of consecutive
days {(such as 30 or more days), and cach of the consecutive days can inclade multiple
measurement periods. In one example, the wearable device could measure the physiological
parameters every bour, so that cach of the consecutive days includes twenty-four measurement
periods. In other examples, the wearable device could measure the physiclogical parameters
more frequently or less frequently, or the wearable dovice could measore some of the
physiclogical parameters more frequently than others.

16649) Data representative of the physiological parameters may be used fo develop an
individual baseline profile for the wearer of the wearable device. The baseline profile may
inchide patterns for how one or more of the wearer’s physiclogical parameters typically change
gver time, such as during the course of a day, a week, or a month. The baseline profile may be
developed on the wearable device itself (such as by a processor), or it may be developed by a
remote server.

13058] The wearable device may be configured to transmit certain data, such as the
data representative of the physiclogical parameters, the baschine profile, ctc., to a server, for
example, via a wireless communication interface in the wearable device. In this way, the
server may receive from the wearable device data regarding the plurality of physiological
parameters for cach of the plurality of measurement periods. The wearable device may be

configured to automatically transmit the data to a server, may be configured to transmit on
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command of the wearer, or may be configured to transmit on instruction from a remote scrvet.
Further, the device may be configured to automatically transmit the data at the ond of each
measirement period, or at some more frequent or infrequent rate. For example, the device
could be configured to transmit every five mimites, at the end of each day, at the end of the
month, at nighttime only, ctc.

[G051] Afier a bascline profile for a wearer of the dovice bas been developed, cither by
the device or the server, additional data regarding the physiological parameters may be
collected over additional measurement periods by the wearable device and may be compared to
the baseline profile. Such comparison may be carried out on the wearable device itself, orby 2
remote server upon transmission of the additional data to the server. If the additional data 15
consistent with the patterns embodied in the baseline profile, the server may determine that the
wearcr’s condition has not changed. On the other hand, if the additional data deviates from the
patteros embodied in the bascline profile, the server may determine that the wearer’s condition
has changed. The change in condition could, for cxample, indicate that the wearer has
developed a disease, disorder, or other adverse medical condition or may be at risk for a severe
medical condition, such as a stroke or a heart atiack, in the near future.

16652} When a change in condition is detected, a clinical protocol may be consulted 1o
generate one or more recommendations that are appropriate for the wearer’s change in
condition. For example, a recommendation that the wearer take a particular medication or
supplement, schedule an appointment with a medical professional, go to the hospital to seek
mmmediate medical attention, abstain from certain activities, ctc. may be generated. The
chinical protocol may be developed based, at least in part, on correlations between analyte
concentration and health state of the wearer of the device, any known health information or
medical bistory of the wearer, and/or on recognized standards of care in the medical field
Such actions may be carried out by a processor on the wearable device, or by a remote server.
{6833} Further, the wearable device may be configured to accept inputs from the

-

wearcr regarding his or her health state. The inputs may be subjective indicia regarding how

(38

the person s feeling or any symptoms he or she is experiencing at that time, such as, “feehing

39 4K

cold,” “fecling tired,” “stressed,” “fecling rested and energetic,” “polien allergy symptoms
today,” etc. Such inputs from the user may be used to complement the physiological parameter
data and cstablish correlations between the blood analysis results and health state.

18654} The wearable device may be configured to accept, or the server may be
configured to receive from some other source, certain environmental information. For example,

information regarding the gencral bealth state of the population, such as when influenza or

other viral outbresk has occurred, may be input into the system. Further, other general
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information that may affect the health of the population, such as daily pellen counts, pollution
fevels or the weather conditions may be input jnto the system.  Such imformation may further
be used to complement the physiological parameter data collected from individual wearers and
populations of wearers of the device and egstablish correlations between the blood analysis
resubis, health state and environmenial factors.

[G055] Unce generated, either by the server or the wearasble device itself, the wearable
device may provide an indication of the one or more recommendations via a user mterface on
the wearable device. The indication could be any indication that can be noticed by the person
wearing the wearable device. For example, the indication could include a visual component
(c.g., textual or graphical information on a display), an anditory component {c.g., an alarm
sound), and/or tactile component (e.g., a vibration).

(6836} The wearable device and/or the server may also be configured to receive
information regarding the actual health state of the wearer of the wearable device. This
mformation may be received at the end of each analyie measwwement peried, or at some other
frequency. In one example, the wearable device itself, or some external computing device,
may be configured to accept such information as inputs and transmit i to the server or medical
professional{s). Further, the wearable device and/or the server may be configured to derive
correlations  between the reported health state of the wearer, and the blood analyie
measurement(s} transmitied by the wearable device. For example, the wearable device and/or
the server may analyze the blood analyte data and the health state data and detect that the
wearer has experienced certain adverse health conditions, such as a migraine or a heart attack,
when an analyte reached a certain concentration. The wearable device and/or the server may
use this correlation data to generate reconunendations for the wearer, or o develop a clinical
protocol.

16657} The server that receives the data from the wearable device may receive similar
data from a plurality of other, stmilar wearable devices. In this way, the server can collect data
regarding a plurality of human subjects. This data, including both the analyte measurcments
and the indications of health state, may, m tumn, be used to develop one or more clinical
protocols used by the server to generate recommendations and/or used by medical
professionals to provide medical care and advice to their patients. This data may forther be
used to recogmize correlations between blood analyies and health conditions among the
population. Health professionals may further use this data to diagnose and prevent illness and
discase, prevent seripus climical evenis in the population, and to update chinical protocols,
courses of treatment, and the standard of care,

[BOS8] It should be understood that the above embodiments, and other embodiments
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described herein, are provided for explanatory purposes, and are not intended to be fimiting.

RS Further, the torm “medical condition™ as used hercin should be understood
broadly to include any disease, illness, disorder, imjury, condition or impairment-¢.g.,
physiologic, psychological, cardiac, vascular, orthopedic, visual, speech, or hearing—or any

situation requiring medical atiention.

HER Example Wearable Deviees

G664} A wearable device 100 can automatically measure a plurality of physiclogical

(34

parameters of a person wearing the device. The term “wearable device,” as used in this
disclosure, refers to any device that is capable of being womn at, on or in proximity to a body
surface, such as a wrist, ankle, waist, chest, or other body part. In order to take in vive
measurements in a non-invasive manner from outside of the body, the wearable device may be
positioned on a portion of the body where sabsurface vasculature is easily observable, the
gualification of which will depend on the type of detection sysiem used. The device may be
placed in close proximity to the skin or tissue, but need not be touching or in ntimate contact
therewith. A mount 110, such as a belt, wristband, ankle band, ¢tc. can be provided to mount
the device at, on or in proximily to the body surface. The mount 110 may prevent the wearable
device from moving relative to the body to reduce measurcment error and nowse. In one
example, shown in Figare 1, the mount 110, may take the form of a strap or band 120 that can
be womn around a part of the body., Further, the mount 110 may be an adhesive substrate for
adhering the wearable device 100 to the body of a wearer.

16861} A measurcnient platform 136 15 disposed on the mount 110 such that it can be
positioned on the body where subsurface vasculature is easily observable. An imner face 140 of
the measurement platform is intended to be mounted facing to the body surface. The
measurement platform 130 may house the data collection system 150, which may include at
least one detector 160 for detecting at least one physiclogical parameter, which could include
any parameters that may relate to the health of the person wearing the wearable device. For
example, the detector 160 could be configured to measure blood pressure, pulse rate,
respiration rate, skin temperature, ote. At least one of the detectors 160 is configured to non-
mvasively measure one or more analytes in blood civculatmg in subsurface vasculature
proximate to the wearable device, In a non-exhaustive list, detector 160 may include any one
of an optical (e.g., CMOS, CCD, photodiede), acoustic {c.g., piezoelectric, piczoceramic),
elecirochemical (voltage, fmpedance), thermal, mechanical {e.g., pressure, strain), magnetic, or
electromagnetic (e.g., magnetic resonance) sensor.  The components of the data collection

system 150 may be miniaturized so that the wearable device may be worn on the body without
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significantly interfering with the wearer’s usual activities.

18662} In some examples, the data collection system 150 further includes a signal
source 170 for transnutting an interrogating signal that can penctrate the wearer’s skin into the
portion of subsarface vasculature, for example, into a himen of the subsurface vasculature.
The interrogating signal can be any kind of signal that is benign to the wearer, such as
clectromagnetic, magnetic, optic, acoustic, thermal, mechanical, and results in a response
signal that can be used to measure a physiclogical parameter or, more particularly, that can
detect the binding of the clinically-relovant analyte to the functionslized particles. In one
exarniple, the interrogating sigoal is an electromagnetic pulse {(c.g., a radio frequency (RF)
pulse) and the response signal is a magnetic resonance signal, such as nuclear magnetic
resonance (NMR). In ancther example, the interrogating signal is a time-varying magnetic
field, and the vesponse signal is an externally-detectable physical motion due to the time-
varying magnetic field. The time-varying magnetic field modulates the particles by physical
motion in a manner different from the background, making them casier to detect. In a further
example, the interrogating signal 15 an electromagnetic radiation signal  In particolar, the
interrogating signal may be electromagnetic radiation having a wavelength between about 400
nagometers and about 1600 nanometers. The intorrogating signal may, more particularly,
comprise clectromagnetic radiation bhaving a wavelength between about 500 nanometers and
about 1000 nanometers. In some examples, the functionalized particles include a fluorophore.
The iterrogating sigeal may thercfore be an clectromagnetic radiation signal with a
wavelength that can excite the fhuorophore and penetrate the skin or other tissue and subsurface
vascilatare (e.g., 2 wavelength in the range of about 500 t¢ about 1000 nanometers), and the
responsc signal is fluorescence radiation from the floorophore that can penetrate the subsurface
vasculature and tissue to reach the detector.

18063} In some cases, an interrogating signal is not necessary t0 MeEasure one of mMore
of the physiological parameters and, therefore, the wearable device 100 may not include a
signal source 170. For example, the functionalized particles include an autofluorescent or
taminescent marker, such as a fluorophore, that will automatically emit 8 response signal
mdicative of the binding of the chnically-relevant analyie to the functionalized particles,
without the need for an interrogating signal or other external stimulos. In some examples, the
functionalized particles may include a chemo-luminescent marker configimed to produce a
response signal in the form of fluorescence radiation produced m vesponse to a chemical
reaction initiated, at least in part, to the binding of the target analyic to the particle.

[6064] A collection magnet 180 may also be included in the data collection system 150,

In such embodiments, the fonctionalized particles may also be made of or be fumctionalized
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with magnetic materials, such as ferromaguetic, paramagnetic, super-paramagnetic, of any
other material that respounds to a magnetic ficld. The collection magnet 180 is configured to
direct a magnetic ficld into the portion of subsurface vasculature that is sufficient 1o cause
fumctionalized magnetic particles to collect in a himen of that portion of subsurface vasculatare.
The magnet may be an electromagnet that may be turned on during measurement periods and
tned off when a measurement period is complete so as to aliow the magnetic particles to
disperse through the vasculature.

[3065] The wearable device 100 may also include a user interface 190 via which the
wearer of the device may receive one or more recommendations or alerts generated either from
a remote server or other remote computing device, or from a processor within the device. The
alerts could be any indication that can be noticed by the person wearing the wearable device.
For exanple, the alert could include a visual component {e.g., textual or graphical information
on 2 display), an auditory component {¢.g., an alarm sound), and/or tactile component (e.g., a
vibration). Further, the user interface 190 may include a display 192 where a visual indication
of the alert or recommendation may be displayed. The display 192 may firther be configured
to provide an indication of the measured physiological paramecters, for instance, the
concentrations of certain blood analytes being measured.

(6666} In one example, the wearable device is provided as a wrist-mounted device, as
shown in Figures 2A, 2B, 3A-3C, 4A, 5B, 6 and 7. The wrist-mounted device may be
mounted to the wrist of a living subject with a wristband or cuff, similar to 2 waich or bracelet.
As shown in Figares 2A and 2B, the wrist mounted device 200 may inchude a mount 210 in the
form of a wristband 220, a measurement platform 230 positioned on the anterior side 240 of
the wearer’s wrist, and a user interface 250 positioned on the posterior side 260 of the wearer’s
wrist.  The wearer of the device may receive, via the user interface 250, one or more
recommendations or alerts generated either from a remote server or other remote computing
device, or alerts from the measurement platform. Such a configuration may be perceived as
natural for the wearer of the device in that U is common for the posterior side 260 of the wrist
to be observed, such as the act of checking a wrist-watch. Accordingly, the wearer may easily
view a display 270 on the user inmterface. Further, the measurement platform 230 may be
located on the anterior side 240 of the wearer’s wrist where the subsurface vasculature may be
readily observable. However, other configurations arc contemplated.

16667} The display 270 may be configured to display a visual indication of the alert or
recomimendation and/or an indication of the measured physiological parameters, for instance,
the concentrations of certain blood analytes being measured.  Further, the user interface 250

may include one or more butions 280 for accepting mputs from the wearer. For example, the



WO 2014/205102 PCT/US2014/042988

buttons 280 may be configured to change the text or other information visible on the display
270. As showriin Figure 28, measurcment platform 230 may also mclude one or more buttons
290 for accepting inputs from the wearer. The buttons 290 may be configured to accept inputs
for controlling aspects of the data collection system, such as initiating a measurement period,
or inputs indicating the wearer’s current health state (i.c., normal, migraine, shortness of breath,
heart attack, fever, “flu-like” symptoms, food poisoning, efc.).

{368} fn another example wrist-mounted device 300, shown in Figures 3A-3C, the
measurcment platform 310 and user interface 320 are both provided on the same side of the
wearer's wrist, in particular, the anterior side 330 of the wrist.  On the posterior side 340, 2
watch face 350 may be disposed on the strap 360, While an analog watch 1s depicted in Figure
3B, one of ordinary skill in the art will recognize that any type of clock may be provided, such
as a digital clock.

[B069] As can be seen in Figure 3C, the tnmer face 370 of the measurersent platform
310 1s miended to be worn proximate to the wearer’s body. A data collection system 380
housed on the measurement platform 310 may include a detector 382, a signal source 384 and
a collection magnet 386, As described above, the signal source 384 and the collection magnet
386 may vot be provided in ali cmbodiments of the wearable device,

18674} In a further example shown in Figores 4A and 4B, a wrist mounted device 400
inchudes a measurement platform 410, which includes a data collection sysiem 420, disposed
on a strap 430. Inver face 440 of measurcment platform may be posttioned proximate 10 a
body surface so that data collection system 420 may interrogate the subsurface vasculatare of
the wearer’s wrist. A user interface 450 with a display 460 may be positioned facing outward
from the measuremeni piatform 410.  As described above in connection with other
embodiments, user trderface 450 may be counfigured to display data collected from the data
collection system 420, inclading the concentration of one or more measured analytes, and one
or more alerts generated by a remote server or other remote computing device, or a processor
located on the measurement platform.  The user interface 420 may also be configured to
display the time of day, date, or other information that may be relevant to the wearer,

8871} As shown in Figure 5, in a further embodiment, wrist-mounted device SO0 may
be provided on a cuff 510, Similar to the previously discussed embodiments, device 500
includes a measurement platform 520 and a wser intertace 530, which may nclude a display
540 and one or more buttons 550, The display 540 may further be a touch-screen display
configured to accept one or more input by the wearer. For example, as shown in Figure 6,
display 610 may be a touch-screen configured to display one or more virtual buttons 620 for

accepting one or more inputs for controlling certain functions or aspects of the device 600, or
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inputs of mformation by the user, such as current health state.

18672} Figure 7 is a simplificd schematic of a system including one or more wearable
devices 700, The one or more wearable devices 700 may be configured to transmit data via a
communication interface 710 over one or more communication networks 720 to a remote
server 730,  In one embodiment, the conmumunication interface 710 includes a wireless
transceiver for sending and receiving conwnunications to and from the server 730, In further
embodiments, the communication interface 710 may include any means for the wansfer of data,
inclading both wired and wircless communications. For example, the communication interface
may include a universal serial bus (USB) mterface or a secure digital (SD) card interface.
Comnuwmication networks 720 may be any one of may be one of: a plain old telephone service
{(POTS) network, a celhular network, a fiber network and a data network., The server 730 may
inchide any type of romote computing device or remote cloud computing network.  Further,
communication network 720 may include one or more intermediaries, including, for example
wherein the wearable device 700 transmits data to a mobile phone or other personal computing
device, which in turp transmits the data to the server 730

18073] In addition to receiving communications from the wearable device 700, such as
collected physiological parameter data and data regarding health state as input by the user, the
server may also be configured to gather and/or receive either from the wearable device 700 or
from somc other source, information regarding a wearer’s overall medical history,
envivommental factors and geographical data. For example, a user accound may be cstablished
on the server for every wearer that contains the wearer’s medical history. Moreover, in some
examples, the server 730 may be configored to regularly receive information from sources of
environmental data, such as viral iflness or food poisoning outbreak data from the Centers for
Discase Contrel (CDC) and weather, pollution and allergen data from the National Weather
Service. Further, the server may be configured to receive data regarding a wearer’s health state
from a hospital or physician. Such information may be used in the server’s decision-making
process, such as recognizing correlations and in geunerating clinical protocols.

874} Additionally, the server may be configured to gather and/or receive the date,
time of day and geographical location of each wearer of the device during each measurement
period. Such information may be used to detect and mounitor spatial and temporal spreading of
discases.  As such, the wearable device may be configured to determine and/or provide an
indication of its own location. For example, a wearable device may include a GPS system so
that it can include GPS location information {e.g., GPS coordinates) in a commumication to the
server. As another example, a wearable device may use a techuique that jovelves friangulation

{e.g., between base stations in a cellular network) to determine its location. Other location-
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determination techniques are also possible.
18675} The server may alse be configured to make determinations vegarding the

efficacy of a drug or other treatment based on information regarding the drags or other
treatments recetved by a wearer of the device and, at least in part, the physiclogical parameter
data and the indicated health state of the user. From this information, the server nway be
configured to derive an indication of the effectiveness of the drug or treatment. For example, if
a drug is intended fo treat nausea and the wearer of the device does not indicate that he or she
18 experiencing nausca afler beginning a course of treatment with the drug, the server may be
contigured to derive an indication that the drug is effective for that wearer. In another exanple,
a wearable device may be configured to measure biood glucose. If a wearer is preseribed 4
drug intended to treat diabetes, bot the server recctves data from the wearable device indicating
that the wearer’s blood ghlucose has been increasing over a certain number of measurement
periods, the server may be configured to derive an indication that the drug is not cffective for
1ts intended purpose for this wearer.

(3076} Further, some embediments of the systom may include privacy controls which
may be automatically implemented or controlled by the wearer of the device. For example,
where a wearer’s coliected physiological parametor data and health state data are uploaded to 2
cloud computing network for trend analysis by a clinician, the data may be treated in one or
more ways before it is stored or used, so that personally identifiable information is removed.
For exaraple, a user’s identity may be freated so that no personally identifiable information can
be determined for the user, or a user’s geographic location may be generalized where location
mformation is obtained (such as o a city, ZIP code, or state level), so that a particular location
of a user cannot be determined.

16677} Additionally or alternatively, wearers of a device may be provided with an
opportanity to conirol whether or how the device collects information about the wearer (e.g.,
information about a user’s medical history, social actions or activities, profession, a user’s
preferences, or a user’s current location), or to control how such information may be used.
Thus, the wearer may have control over how mformation is collected about him or her and
used by a clinician or physician or other user of the data. For exampie, 2 wearer may elect that
data, such as health state and physiological paramcters, coflected from his or her dovice may
only be vsed for geperating an individual baseline and recommendations in respouse to
collection and comparison of his or her own data and may not be used in generating a

popufation baseline or for use in population correlation studies.
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LR Example Electronics Platform For a Wearable Devige

18678} Figure 8 15 a sinplified block diagram iHustrating the components of a wearable
device 800, according to an example embodiment. Wearable device 800 may take the form of
or be similar to one of the wrist-mounted devices 206, 300, 400, 500, 600, shown in Figures
2A-B, 3A-3C, 4A-4C, 5 and 6. However, wearable device 80 may also take other forms, such
as an ankle, waist, or chest-mounded device.

[B879] In particalar, Figure 7 shows an example of 4 wearable device 800 having a data
collection system 810, a user interface 420, communication platform 830 for (ransmitting data
to a server, and processor(s) 840, The compounents of the wearable device 200 may be
disposed on a movnt 850 for mounting the device to an external body surface where a portion
of subsurface vasculature 1s readily observable.

6084} Processor 840 may be s gencral-purpose processor or a special purpose
processor {¢.g., digital signal processors, application specific integrated circuits, ete.). The one
or more processors 840 can be configured to execute computer-readable program instructions
870 that are stored in the computer readable medium 860 and are executable to provide the
functionality of a wearable device B0{ described herein.

18681} The computer readable medium 860 may include or take the form of one or
more non-transitory, computer-readable storage media that can be read or accessed by at least
one processor 34{. The onc or more computcr-readabic storage media can include volatile
and/or non-voelatile storage compounends, such as optical, maguetic, organic o7 other memory or
disc storage, which can be infegrated m whele or in part with at least one of the one or more
processors 840,  In some cembodiments, the computer readable medivm 860 can be
implemented vsing a single physical device (e.g., one optical, magnetic, organic or other
memory ot disc storage unit), while in other embodiments, the computer readable medium 860
can be implemented using two or more physical devices.

[8082] Data collection system 810 inchides a detector 812 and, in some cmbodiments,
a signal source 814, As described above, detector 812 may include any detector capable of
detecting at least onc physiological parameter, which could include any parameters that may
relate to the health of the person wearing the wearable device. For example, the detector §12
could be configured to measure blood pressure, pulse rate, skin temperature, eic. At least one
of the detectors 812 is configured te non-invasively measure one or more analytes in blood
circulating in subsurface vasculature proximate to the wearable device. In some examples,
detector 812 may inchide one or more of an optical (e.g., CMOS, CCDy, phetodiode), acoustic

{e.g., piezoelectric, plezoceramic), clectrochemical {voltage, impedance), thormal, mechanical

v

=

e.g., pressure, strain}, magnetic, ot electromagnetic {¢.g., magnetic resonance} Sensor.
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16083} In some examples, the data collection system 810 further includes a signal
source 814 for transmitting an interrogating signal that can penctrate the wearer’s skin into the
portion of subsurface vasculature. o general, signal source 814 will generate an interrogation
signal that will produce a responsive signal that can be detected by one or more of the detectors
8§12. The interrogating signal can be any kind of signal that is benign to the wearer, such as
clectromagnetic, magnetic, optic, acoustic, thermal, mechanical, and results in a response
signal that can be used to measure a physiclogical parameter or, more particularly, that can
detect the binding of the clinically-relovant analyte to the functionslized particles. In one
exarniple, the interrogating sigoal is an electromagnetic pulse {(c.g., a radio frequency (RF)
pulse) and the response signal is a magnetic resonance signal, such as nuclear magnetic
resonance (NMR). In ancther example, the interrogating signal is a time-varying magnetic
field, and the vesponse signal is an externaliy-detectable physical motion due to the time-
varying magnetic field. The time-varying magnetic field modulates the particles by physical
motion in a manner different from the background, making them casier to detect. In a further
example, the interrogating signal 15 an electromagnetic radiation signal  In particolar, the
interrogating signal may be electromagnetic radiation having a wavelength between about 400
nagometers and about 1600 nanometers. The intorrogating signal may, more particularly,
comprise clectromagnetic radiation bhaving a wavelength between about 500 nanometers and
about 1000 nanometers. In examples where the functionalized particies include a fluorophore,
the interrogating signal rmay therefore be an electromagoetic radiation signal with a wavelength
that can excite the fluorophore and penetrate the skin or other tissue and subsurface vasculature
{e.g., a wavelength in the range of about SO0 to about 1000 nanometers), and the response
signai is fluorescence radiation from the fluorophore that can penctrate the subsurface
vasculature and tissue to reach the detector.

{6084} The program instructions 870 stored on the computer readable medium 860 may
inchide instructions to perform or facilitate some or all of the dovice functionality described
herein.  For instance, in the illustrated cmbodiment, program instructions 870 nclade a
controller module 372, calculation and decision module 874 and an alert module R76.

[BO8S] The controller modole 872 can include instroctions for operating the data
collection system 810, for example, the detector 812 and signal source 814, For example, the
controller 872 may activate signal source 814 and/or detector 812 during each of the pre-set
measurement periods.  In particular, the controller module 872 can mnclude instructions for
conirolling the signal source %14 to transmit an interrogating signal at preset measurement
times and controiling the detector 812 to reccive data represerdative of respousce signals

transmitted from the portion of subsurface vasculature in response to the interrogating signals
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transtitied at the presct measurement times.

18686} The controller module 872 can also jnclude fnstructions for operating a user
mterface 820, For example, controller module 872 may inclade instructions for displaying
data collected by the data collection system 810 and analyzed by the calculation and decision
modele 874, or for displaying one or more alerts generated by the alert module 873, Further,
controller module 872 may include jostructions to execute certain functions based on joputs
accepted by the user interface 20, such as inputs accepted by one or more buttons disposed on
the user interface.

18687} Comuunication interface 730 may also be operated by instructions within the
controller module 872, such as instructions for sending and/or receiving imformation via a
wireless antenna, which may be disposed on or i the wearable device 80{. The
communication intorface 830 can optionally include one or more oscillators, mixers, frequency
injectors, ofc. to modulate and/or demodulate information on a carrvier frequency 1o be
transmitted and/or received by the antenmna.  In some examples, the wearable device 800 is
configured to indicate an output from the processor by modulating an impedance of the
antenna in & manner that is perceivabie by a remote server or other remote computing device.
1088] Calculation and decision module 872 reay include instructions for receiving
data from the data collection system 810 in the form of a responsive signal, analyzing the data
to determine if the target analyte is present or absent, quantify the measured physiclogical
parameter(s), such as concentration of a target analyte, and analyzing the data fo determine if 2
medical condition is indicated. In particular, the caleulation and decision module 872 may
mclade nsiructions for determining, for each preset measorement time, a concentration of a
chnically-relevant analyte based on the response signal detected by the detector at that
measurement time and determining, for cach preset measurement time, whether a medical
condition is indicated based on at least the corresponding concentration of the clinically-
relevant analyte. The preset measurcment times may be set to any period and, in one example,
are about one hour apart,

[B089] The program instructions of the caleulation and decision module 872 may, m
some examples, be stored in a computer-readable mediom and executed by a processor located
external fo the wearable device. For example, the wearable device could be configored to
collect certain data regarding physiological parameters from the wearer and then transmit the
data to a remote server, which may include a mobile device, a personal computer, the cloud, or
any other remote system, for further processing.

(B89} The computer readable medium 860 wmay further contain other data or

mformation, such as medical and health history of the wearer of the device, that may be
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necessary in determining whether a medical condition is indicated. Further, the computer
readable mediore 860 may coutain data corresponding to cortain apalyte basclines, above or
below which a medical condition is ndicated. The baselines may be pre-stored on the
computer readable medium 860, may be transmitted from a remote source, such as a remote
server, or may be generated by the calculation and decision module 874 itself. The calculation
and decision module 874 may include mstructions for generating individual baselines for the
wearer of the device based on data collected over a certain number of measurement periods.
For example, the calcolation and decision module 874 may generate a bascline concentration
of a target blood analyte for each of a plurality of measurement periods by averaging the
analyte conceniration at each of the measurement periods measured over the course of a few
days, and store those baseline concentrations in the computer readable medinn 860 for later
comparison. Basclings may also be generated by a remote server and transmitied to the
wearable device 800 via compumication mterface 830, The caleulation and decision module
874 may also, upon determining that a medical condition is indicated, generate one or more
recommendations for the wearer of the device based, at least in part, on consultation of a
chinical protocol. Such recommendations may alternatively be generated by the remeote server
and transmiited fo the wearable device.

{8691} In some examples, the collected physiclogical parameter data, bascline profiles,
health state information mput by device wearers and generated reconunendations and clinical
protocels may additionally be input to a cloud network and be made available for dewnload by
a wearer’s physician. Trend and other analyses may also be performed on the collected data,
such as physiological parameter data and health state information, in the cloud computing
network and be made available for download by physicians or clinicians.

18652} Further, physiological parameter and health state data from individuals or
populations of device wearers may be used by physicians or clinicians in monitoring efficacy
of a drug or other treatment. For example, high-density, real-time data may be collecied from a
population of device wearers who are participating in a clinical study to assess the safety and
efficacy of a developmental drag or thevapy. Such data may also be used on an individual level
to assess a particular wearer’s response 1o a drug or therapy., Based on this data, a physician or
clnician may be able to tatlor a drug treatment to suit an individual’s needs.

)
I

16693} In response to a determination by the caleulation and decision module 874 that 2
medical condition is indicated, the alert module 876 may gencrate an alert via the user mterface
8§20. The alert may include a visual compouent, soch as textual or graphical information
displayed on a display, an anditory compounend {e.g., an alarm sound}, and/or tactile component

{e.g., a vibration}. The textual mformation may inchude one or more recommendations, such as
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a recommendation that the wearer of the device contact a medical professional, seek tmmediate
medical attention, or administer a medication,

[8094] Figure 9 13 a simplhified block diagram illustrating the components of a wearable
device 900, according to an example embodiment. Wearable device 900 is the same as
wearable device 800 in all respects, except that the data collection system 910 of wearable
device 900 further includes a collection magnet 916, In this example, the collection magnet
16 may be used to locally collect fimetionalized magnetic particles present in an area of
subsurface vasculature proximate to the collection maguet 916, As described above, collection
magnet 916 is configured to direct a magnetic field into a portion of subsurface vasculature
sufficient to cause fimetionalized magnetic particles to collect i a lumen of the portion of
subsurface vascuolature.

[8095] Wearable device 900 includes a data coliection system 910, which includes a
detector 912, a signal source 914 (f provided) and a collection magnet 916, a user interface
020, a commumication interface 930, a processor 940 and a computer readable medium 960 on
which progran instructions 970 are stored. All of the components of wearable device 900 may
be provided on 2 mount 950, In this example, the program instructions 970 may inclode 2
controller module 962, a calculation and decision module 964 and an alert module 966 which,
similar to the example set forth in Figure &, include instractions to perform or facilitate some
or all of the device functionality described hercin. Controller module 962 further includes
mstructions for operating collection magnet 916, For example, controller module 962 may
melade instructions for activating collection magnet during a measurement period, for a certam

amount of time.

H IR Iustrative Functionalized Particles

(8896} In some examples, the wearable devices described above obtain at least some of
the health-related information by detecting the binding of a clinically-relevant analyte to
functionalized particles, for example, nicroparticles or nanoparticles.  The particles can be
functionalized by covalently attaching a bioveceptor designed to sciectively bind or otherwise
recognize a particular clinically-relevant analyte. For example, particles may be functionalized
with a variety of bioreceptors, including auntibodies, nucleic acids (DNA, siRNA}, low
molecular weight ligands (folic acid, thiamine, dimercaptosuccinic acid), peptides (RGD,
LHRD, antigenic peptides, internalization peptides), proteins {BSA, transforrin, antibodies,
lecting, cytokines, fibrinogen, thrombin), polysaccharides (hyaluronic acid, chitosan, dexiran,
oligosaccharides, heparin), polvunsaturated fatty acids (pabmitic acid, phospholipids),

plasmids. The functionalized particles can be ntroduced into the person’s blood siream by
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injection, mgestion, inhalation, transdermally, or in some other manner.

16697} The clinically-relevant analvic could be any avalyte that, when present in or
absent from the blood, or present at a particular concentration or range of concentrations, may
be ndicative of a medical condition or indicative that a medical condition may be imminent.
For cxample, the clinically-relevant analyte could be an enzyme, hormone, protein, or other
molecule. Tn one relevant example, certain protein biomarkers are known 1o be predictive of
an impending arterial plague rupture.  Such protein biomarkers are known to be present in the
blood only directly leading up to and at the onset of an arterial plague ruptore. Plaques that
rupture cause the formation of bloed clots that can block blood flow or break off and travel 1o
another part of the body. In cither of these casces, if a clot blocks a blood vessel that feeds the
heart, it causes a heart attack. If it biocks a blood vessel that feeds the brain, it causes a stroke,
If blood supply to the arms or legs is reduced or blocked, it can cause difficolty walking and
eventually gangrene. The presence of these protein biomarkers n the vasculature may be
detected, and the medical condition (i.¢,, stroke, heart attack) prevented, by providing particles
functionalized with a bioveceptor that will selectively bind to this target analyte.

16898} The particles may be made of biodegradable or non-biodegradable maternials.
For example, the particles may be made of polystyrene. Non-biodegradable particles may be
provided with a removal means to prevent harmful buildup i the body. Generally, the
particles may be designed to have a long half-life so that they remain in the vasculature or
body fluids over several measuremend periods. Depending on the lifetime of the particles,
however, the user of the wearable device may periodically introduce new batches of
functionalized particles into the vasculature or body fluids.

18099] Bioreceptors can be used in diagnostic procedures, or even in therapy to destroy
& specific target, such as antitumor therapy or targeted chemothorapy. The particles may be
designed to remove from the body or destroy the target analyte once bound {o the bioreceptor.
Additional functional groups may be added to the particles to signal that the particles can be
reraoved from the body through the kidaeys, tfor example, once bound to the target analyte.
[80166] Further, the particles may be designed to cither releasably or rreversibly bind to
the target analyte. For example, if it 13 desired for the particles to participate in destruction or
removal of the target analyte from the body, as described above, the particles may be designed
to wrroversibly bind to the target analyte. in other examples, the particles may be designed to
release the target analyte after measurement has been made, either automatically or in response
to an external or internal stinudus.

[ELLLEREEY These of skill in the art will understand the term “particle” in its broadest sense

and that it may take the form of any fabricated material, a molecule, cryptophan, a virus, a
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phage, ctc.  Further, a particle may be of any shape, for example, spheres, rods, non-
symmetrical shapes, ofc.  The particles can have a diamcter that s less than about 20
micrometers. In some embodiments, the particles have a diameter on the order of about 10nm
to Tum. In further embodiments, small particles on the order of 10-100nm in diameter may be
asscmbled to form a larger “clusters”™ or “assemblics on the order of 1-1{micrometers. In this
arrangement, the asseroblies would provide the sigeal strength of a larger particle, but would
be deformable, thereby preventing blockages i smaller vessels and capillarnies.

#6182} Binding of the functionalized particles to a target analyic may be detected with
or without a stimulating signal input. The term “binding” is understood in its broadest sense to
mchide any detectable interaction between the receptor and the target analyte. For example,
some particles may be functionalized with compoonds or molecules, such as fluorophores or
autofluorescent, luminescent or chemo-fuminescent markers, which generate 2 responsive
signal when the particles bind to the target analyte without the input of a stimulus.  In other
examples, the functionalized particles may produce a different responsive signal m their bound
versus unbound state in response to an external stimuolus, such as an electromagnetic, acoustic,
optical, or mechanical encrgy.

186183} Further, the particles roay be formed from a paramagoeetic or ferromaguoetic
material or be fimctionalized with a magnetic moiety. The magnetic properties of the particles
can be exploited in magnetic resonance detection schemes to enhance detection sensitivity, In
another example, aun external magnet moay be used to locally celiect the particles in an area of
subsurface vasculature during 4 measurement period.  Such collection may not only increase
the differential velocity between particles and analytes, hence surveying a muoch larger volume

per unit time, but may also enhance the signal for subsequent detection.

iv. Instrative Methods For Operation of a Wearable Device

30164} Figure 10 1s a flowchart of a method 1000 for operating 8 wearable device to
take non-invasive, in vivo, real-time measurements of physiclogical parameters. A wearable
device is first mounted to a body surface of 2 human subject, wherein the body surface is
proximate to a portion of subsurface vasculature (1010).  In some exaroples, the wearable
device, via a signal source, transmits an interrogating signal into the portion of sabsurface
vascolature (1020).  The wearable device, via a detoctor, then detects a response signal
transmitted from the portion of subsurface vasculature, wherein the response signal is related to
binding of a clinically-relevant analyte to fumctionalized particles present in a lumen of the
subsurface vasculature (1030}, In some examples, the response signal is gonerated i response

to an inferrogating signal. The functionalized particles are configored to bind to the clinically-
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relevant analyic and may comprisc a receptor, such as an antibody. The term “bind” is
understood in its broadest scunse to also include any dotectable imteraction between the
chnically relevant analyte and the functionalized particles.  The wearable device then
determines the presence, absence and/or a concentration of the chinically-relevant analyte based
on the response signal {1040) and whether a medical condition is indicated based on at least the
presence, absence and/or concentration of the climcally-relevant analyte (1040}, Further, in
examples where the functionalized particles are magnetic, the wearable device may further
direct a magnetic field into the portion of subsurface vascuolature, the magaetic field being
sutficient to cause the functionalized magnetic particles to collect in a lomen of the portion of
subsurface vasculature,

[66145] Figures 11A-11B, 12A-12B, and 13A-13B are partial cross-sectional side views
of a human wrist illustrating the operation of varicus examples of g wrist-mounted device. In
the cxample shown in Figures 11A and 118, the wrist-mounted device 1100 includes 2
measurement platform 1110 mounted on a strap or wrist-band 1120 and oriented on the anterior
side 1160 of the wearer’s wrist. Measurement platform 1110 is positioned over a portion of the
wrist where subsurface vasculature 1130 is casily observable. Functionalized particles 1140
have been introduced into a lumen of the subsurface vasculature by one of the means discussed
above. In this example, measurement platform 1110 inclodes a data collection system having
both a detector 1150 and a sigoal source 1160. Figure 11A illustrates the state of the
subsurface vasculature when measurement device 1100 is inactive. The state of the subsurface
vascilatare during a measurement period s illostrated n Figare 11B. At this time, signal
sowree 1160 is transmitting an interrogating signal 1162 into the portion of subsurface
vasculature and detecior 1150 is receiving a response signal 1152 generated in response to the
interrogating sigonal 1162, The response signal 1152 is related to the binding of a clinically
relevant analyte present in the subsurface vasculature to the functionalized particles 1140, As
described above, in some cmbodiments, an interrogating signal may not be necessary o
genecrate a response signal related 1o the binding of an analyte 1o the functionalized particles.
[80196] Similar to the system depicted n Figures 11A and 1B, Figures 12A and 12B
illustrate 8 wrist-mounted device 1200 imchuding a measurement platform 1210 mounted on a
strap or wristband 1220 and oriented on the anterior side 1290 of the wearer’s wrist. In this
exaraple, measurement platform 1210 inchades a data collection system having a detector 1250,
a signal source 1260 and a collection magnet 1270, Figuwre 12A illustrates the state of the
subsurface vasculature when measurement device 1200 s inactive. The state of the subsurface
vasculature when measuroment device 1200 is active during a measurcruent period 15

Hlastrated o Figore 12B. At this time, collection magnet 1270 generates a magnetic field 1272
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sufficient to cause functionalized magnetic particles 1240 present in a lumen of the subsurface
vascithature 1230 to collection in a region proximal to the magnet 1270, Sigeal source 1260
fransmits an interrogating signal 1262 mnto the portion of subsurface vasculature and detector
1256 1s receiving a response signal 1252 generated in response to the interrogating signal 1262,
The response signal 1252 is related to the binding of a clinically relevant analyte present in the
subsurface vasculature 1o the functionalized magoetic particles 1240, As described above, in
some embodiments, an interrogating signal may not be necessary to generate a response signal
related to the binding of an analyic to the functionalized magnetic particles.

86187} Figures 13A and 138 illustrate a further embodiment of a wrist-mounted device
1300 having a measurement platform 1310 disposed on a strap 1320, wherein the detector
1350 and signal source 1360 are positioned on the posterior side 1390 of the wearer’s wrist and
the collection magnet 1370 is disposed on the anterior side 1380 of the wearer’s wrist. Similar
to the crbodiments discussed above, Figure 13A illustrates the state of the subsurface
vasculature when measurement device 1300 i3 inactive. The state of the subsurface
vascilature when measurement device 1300 is active during a measurement period is
illustrated in Figure 13B. At this time, collection magnet 1370 generates a magnetic ficld 1232
sutficient to cause functionalized magnetic particles 1340 present in a Jumen of the subsurface
vascolature 1330 to collection in a region proximal to the magnet 1370, Signal source 1360
transmits an interrogating signal 1362 into the portion of subsurface vascolature and detector
1350 15 receiving a response signal 1352 generated in response 1o the interrogating signal 1262,
The response signal 1352 1s related 1o the binding of a clinically relevant analyte present in the
subsurface vasculature to the functionalized magnetic particles 1340. As described above, in
some cmbodiments, an interrogating signal may not be necessary to generate a responsc sigoal
related 1o the binding of an analyte to the functionalized maguetic particles.

[86148] Both Figures 12B and 138 illustrate the path of the interrogating signal (1262,
1362) wransmitted by the signal source (1260, 1360} and the responsive signal {1252, 1352)
detected by the detector (1250, 1350) essentially overlapping over a portion of subsurface
vasculatare. o some examples, the signal source (1260, 1360} and the detector (1250, 1350}
may be angled towards each other so that they are interrogating and detecting from cssentially
the same area of subsurface vasculature. However, in some instances, such as in the example
shown in Figure 118, the paths of the interrogating signal (1262, 1362) transmitted by the
signal source (1260, 1360) and the responsive signal (1252, 1352) detected by the detector
{1250, 1350) may not overiap.

(80189 While various aspects and cmbodiments have been disclosed herein, other

aspects and embodiments will be apparent to those skilled in the art. The various aspects and



WO 2014/205102 PCT/US2014/042988

- 2'7 -
embodiments disclosed herein arce for purposes of illustration and are not intended to be Himiting,

with the trae scope being indicated by the following claims.

V. Conclusion

#0116} Where example embodiments imvolve mformation related to a person or 2
device of a person, some embodiments may include privacy controls. Such privacy controls
may inchude, at least, anonyroization of device wdentifiers, transparency and user comtrols,
mchiding functionality that would enable users to modify or delete information relating to the
user’s use of a product.

[Bg111} Further, in situations in where embodiments discussed herein collect personal
information about users, or may make use of personal information, the users may be provided
with an opportunity to control whether programs or features collect user mformation {e.g.,
information about a user’s medical history, social network, social actions or activities,
profession, a user’s preferences, or a user’s current focation), or to control whether and/or how
1o receive content from the content server that may be more relevant to the user. In addition,
certain data may be treated in ong or more ways before it is stored or used, so that personally
identifisble information is removed. For example, a user’s identity may be treated so that no
personally identifiable information can be determined for the user, or a user’s geographic
location may be generalized where location fnformation is obtained (such as to a city, ZIP code,
or state level), so that a particular location of a user cannot be determined. Thus, the user may

have control over how information is collected about the user and used by a content server.
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CLAIMS

What is claimed is:

1. A wearable device, comprising:

a mount configured to mount the wearable device to an cxicmnal body surface
proximate to a portion of subsurface vasculature;

a detector configared to detect a response signal transmitted from the portion of
subsurface vasculature, wherein the response signal is related to binding of a chnically-relevant
analyte to functiovalized particles present in a lumen of the subsurface vasculature, the
functionalized particles configured to bind to the clinically-relevant analyte;

a communication interface;

a ProCcessor;

a computer-readable medivm; and

program instructions stored in the computer-readable medium, wherein the program
mstructions are exceutable by the processor to cause the wearable device to perform functions
comprising:

detecting the presence or ahsence of the clinically-relevant analyte based on the
response signal detected by the detector; and

determining whether a medical condition is indicated based on at least the
presence or absence of the clinically-relevant analyte; and

in response to a determination that the medical condition s indicated,

transmitiing data representative of the medical condition via the communication interface.

2. The wearable device of claim 1, wherein the body surface comprises a wrist.

3. The wearable device of claim 2, wherein the mount comprises a wristband or
cuff.

4, The wearable device of ¢laim T, wherein the fimetions further comprise:

determining a concentration of the clinically-relevant analyic based on the response
signal detected by the detector; and
determining whether a medical condition 15 indicated based on at least the

concentration of the clinically-relevant analytc.

S. The wearable device of claim 1, further comprising:
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3 signal source configured to fransmit an interrogating signal into the portion of
subsurface vasculature, wherein the respomse signal is generated in respomse to the

mterrogating signal.

6. The wearable device of claim 5, wherein the interrogating signal comprises an

clectromagnetic pulse.

7. The wearable device of claim 6, wherein the electromagnetic pulse is a radic
frequency (RF) pulse.

~
I
i

g, The wearable device of claim 7, wherein the response signal comprises a

magaetic resonance signal.

9. The wearable device of claim 5, wherein the interrogating signal comprises a

time-varying magnetic field.

10, The wearable device of claim 9, wherein the response sigoal comprises an
externally-detectable physical motion of the functionalized particles due to the time-varying

magaetic field.

1. The wearable device of claim 5, wherein the interrogating signal comprises

electromagnetic radiation having a wavelength between about 400 nanometers and about 1600

nanometers,

12 The wearable device of claim 11, wherein the interrogating signal comprises
cleciromagnetic radiation having a wavciength between about 500 nanometers and about 1000

nanometers.

13 The wearable device of claim 11, wherein the functionalized particles comprise
a fluorophore, and wherein the respounse signal comprises fluorescence radiation {ransmitted by

the fluorophore in rosponse to the nferrogating signal,

14 The wearable device of claim 1, whercin the fonctionalized particles comprise a
chemo-luminescent marker, and wherein the response signal comprises fluorescence radiation

transmitted by the chemo-huminescent marker in response to 4 chemical reaction mitiated, at
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fcast i part, by the binding of the target analyte to the particle upon undergoing a chemical

reaction.

15. The wearable device of claim 1, wherein the functionalized particles are
magaetic and wherein the wearable device further comprises a magnet configured to direct a
magnetic field into the portion of subsurface vasculature, wherein the maguetic ficld is
sufficient to caunse functionalized magnetic particles to collect in a lumen of the portion of

subsurface vasculature.

16. The wearable device of elaim |, further comprising:
a user interface, wherein the functions further comprise;

eporting the presence or absence of the clinically relevant analyte via the user nterface.

17. The wearable device of ¢laim 16, wherem the functions further comprise:
n response to a determination that the medical condition is indicated, generating an

alert via the user interface.

18. The wearable device of claim 1, wherein the functions further comprise:

controlling the signal source to fransmit interrogating signals at preset measurement
times;

receiving, from the detector, data representative of response signals transmitted from
the portion of subsurface vasculature in response to the interrogating signals transmitted at the
preset measurcment Hmes;

detecting, for cach presct measurement time, the presence or absence of the clinically-
relevant analyte based on the response signal detected by the delector at that measurement
time; and

determining, for cach preset measurcmoent time, whether the medical condition s

mdicated based on at least the presence or absence of the chnically-relevant analyte.

19, The wearable device of claim 18, wherein the functions further comprise:

determining, for cach preset measurement time, a corresponding concentration of the
chnically-relevant analyte based on the response signal detected by the detector at that
measurement time; and

determining, for cach preset measurcmoent time, whether the medical condition s

mdicated based on at least the corresponding concentration of the clinically relevant analyte.
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20, A method, comprising:

transmitting, from a wearable device, an interrogating signal into the portion of the
subsurface vasculature;

detecting, by the wearable device, a response signal fransmitted from the portion of
subsurface vasculature in response to the interrogating signal, wherein the response signal is
related to binding of a clinically-relevant analyic to functionalized particles present in 3 lumen
of the subsurtace vasculature, the functionalized particles being counfigured to bind to the
chnically-relevant analyte;

detecting, by the wearable device, the presence or absence of the clinically-relevant
analyte based on the response signal; and

determining, by the wearable device, whether 2 medical condition is indicated based on
at least the presence or absence of the clinically-relevant analyte;

wherein the wearable device 1s configured to be mounted to a body serface of a homan
subject proximate to a portion of subsurface vasculature.

21, The method of claim 20, further comprising the steps of!

ctermining, by the wearable device, a conceniration of the chinically-relevant analyte

based on the response signal; and

determining, by the wearable device, whether 2 medical condition 1s indicated based on

at least the concentration of the chinically-relevant analyte.

22. The method of claim 20, wherein the functionalized particles are maguoetic and
the method further comprises directing, by the wearable device, a magnetic field into the
portion of subsurface vasculature, wherein the magoetic field is sufficient to causc the

functionalized maguetic particles 1o collect in a lumen of the portion of subsurface vasculature.

23, Awearable device, comprising:

g mount configured to externally mount the wearable device to the surface of a wrist
proximate to a portion of subsurface vasculature;

a magnet configured to direct a magnetic field inte the portion of subsurface
vasculature, wherein the magaetic ficld is sufficient to cause functionalized magnetic particies
to collect in a Jumen of the portion of the subsurface vasculature, and wherein the

fimctionalized magunetic particles are configured to bind to a climically-relevant analyte;



WO 2014/205102 PCT/US2014/042988

-32-

a signal source configured to ransmit an electromagnetic pulse interrogating signal into
the portion of subsurface vasculature;

a detector configured to detect a magnetic resonance response signal transmitted from
the portion of subsurface vasculature in response to the imterrogating signal, wherein the
response signal is related to binding of the chinically-relevant analyte to the functionalized
maguetic particles; and

2 user interface;

wherein the mount is contfigured to mount the signal source and detector to an anterior

surface of a wrist and the user interface to a posterior surface of a wrist.

24, The wearable device of claim 23, wherein the clectromagnetic pulse is a radic

frequency (RF) pulse.

25, The wearable device of claim 23, wherein the mount comprises 8 wristband.

26.  The wearabie device of claim 23, further comprising:
2 Processor,
a computer-readable medium; and
program instructions stored in the computer-readablec medium, wherein the program
instructions are executable by the processor to cause the wearable device to perform functions
comprising:
detecting the presence or absence of the clinically-relevant analyte based on the
response signal detected by the detector; and
determining whether 2 medical condition is indicated based on at least the

presence or absence of the clinically-relevant analyte.

27, The wearable device of clatm 26, further comprising:
a communication interface, wherein the fimetions further comprise:
n response o a determination that the medical condition is mdicated, transmitting data

representative of the medical condition via the communication interface.

28. The wearable device of claim 27, wherein the communication nterface

comprises a wircless communication interface.
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