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FIG. 1

(57) Abstract: A wearable device for monitoring physiological changes in a patient is provided. The device can include a housing
adapted to being secured to a patient's body, the housing comprising a needle configured for fluid contact with a bodily fluid under a
skin surface; a chamber having a cell layer and configured to monitor physiological changes in the bodily fluid and to generate one
or more signals associated with the physiological changes; and a reader for detecting and/or decoding signals from the cell layer to
monitor physiological changes in the patient. The device is capable of engaging in a two-way communication with a second device
through transmission of one or more signals.

[Continued on next page]



WO 20217030416 A {1100 0000 00RO 0O

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2021/030416 PCT/US2020/045892

PATENT APPLICATION
FOR
WEARABLE DEVICES FOR MONITORING PHYSIOLOGICAL CHANGES
AND METHODS OF USE

Finip oy THE DISCLOSURE

[0001] The present disclosure relates to system or devices with wearable devices having
one or more sensors, and more particularly, to svstem or devices with wearable devices

suttable for monitoring physiological changes within the body.

BACKGROUND

(00021 There are a wide variety of electronic and mechanical devices for monitoring and
treating patients’ medical conditions. In some examples, medical devices such as biosensors
may be surgically implanted to the patient depending on the underlying medical condition
being monitored or treated. Such medical devices are capable of monitoring patient’s
physiological changes such as blood pressure, heart rate, ECG, body temperature, glucose
evels, gene and protein changes, local cellular changes that reflect systemic disease or
change in health status or other body parameters. In some cases, physicians may use medical

devices alone or m combination with drug therapies to treat patient medical conditions.

[0003] Wearable biosensors that can monitor a patient’s physiological changes can
significantly improve the ability of physicians 1o treat these otherwise hife-threatening
conditions. Such devices, however, come with certain himitations, namely that they need to be
mmplanted. fmplanted devices require a patient to have the device surgically mnplanted within
them which could result in hospitalization, complications, and down-time followmng the
procedure. Consequently, there is a need for wearable devices and the system for networking

the wearable devices to aid in monitoring patients” physiclogical conditions,
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SUMMARY

00041 There 1s a need for tmproved wearable devices and methods for monitoring
physiological changes a patient. The present disclosure is directed toward further solutions to

address this need, in addition 1o having other desirable charactenstics.

[0005] In accordance with an example embodiment of the present disclosure, a wearable
device for use in monitoring physiological changes in the patient 1s disclosed. The device can
include a housing adapted to being secured to a patient’s body, the housing comprising a
needle configured for fluid contact with a bodily fluid under a skin surface; a chamber having
a cell layer and configured to monitor physiological changes in the bodily flnd and 1o
generate one or more signals associated with the physiological changes; and a reader for
detecting and/or decoding signals from the cell layer to momitor physiological changes in the

patient,

[0006] According to aspects of the present disclosure, the housing can be secured to the

patient’s body with a removable element. The removable clement can be an adhesive tape.

{0007 According to aspects of the present disclosure, the chamber can be secured

within the housing,.

(00081 According to aspects of the present disclosure, the chamber can include a
biologic component. The biologic component can mchude a cell laver having cells pre-
positioned on or i the device prior to implantation. The pre-positioned cells can respond to a

physiological signal from the patient,

{0009 In accordance with vet further aspects of the present disclosure, the chamber can
further include a first membrane and a second membrane on either side of the biologic
component. The first membrane can be a non-porous membrane on which the cell layer is
pre-positioned. The first membrane can be made from glass. The second membrane can be a

porous membrane that allows for select fluid and nutrients to pass to the cell layer.

[0010] In accordance with vet further aspects of the present disclosure, the chamber can
further include an clectronic component. The electronic cormponent can be a light source. The
hight source can illuminate light onto the cell layer thereby causing certain cells within the

cell layer to emit ight.
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(00111 In accordance with vet further aspects of the present disclosure, the chamber can

further inclade a microfhnd pamp for pumping fresh fhud over the cells.

[0012] In accordance with vet further aspects of the present disclosure, the chamber can
further inchude a waste fluid chamber. The waste fhid chamber can receive and store the
fluid after 1t has passed over the cells.

{0013} In accordance with vet further aspects of the present disclosure, the device can be
capable of cogaging in a two-way commumication through transmission of one of more

signals with a second device.

[0014] In accordance with vet further aspects of the present disclosure, the device can

further inclode a temperature sensor for momioring temperature changes i the cells,

[0015] In accordance with vet further aspects of the present disclosure, the device can

further include a temperature controller for adiusting the temperature (o a desired parameter,

[0016] In accordance with an example embodiment of the present disclosure, a system
for monitoring physiclogical changes in the patient is disclosed. The system can include a
wearable device for use m monttoring phvsiological changes in the patient, the device
including a housing adapted to being secured to a patient’s body, the housing comprising a
needle configured for flaid contact with a boddy fluid under a skin surface; a chamber having
a cell layer and configured to monitor physiological changes in the bodily fhiid and to
gencrate ong or more signals associated with the physiological changes; and a reader for
detecting and/or decoding signals from the cell laver to monitor physiclogical changes in the
patient; and a second device for detecting and/or decoding the one or more signals toc monitor

physiclogical changes in the patient.

{0017} In accordance with an example embodiment of the present disclosure, a method
for monitoring physiological changes in the patient is disclosed. The method can include
providing a wearable device for use in monitoring physiclogical changes in the patient,
comprising: a housing adapted to being secured to a patient’s body, the housing comprising a
needle configured for fhud contact with a bodily fluid vader a skin surface; a chamber having
a cell layer and configured to monitor physiological changes in the bodily thuid and to
generate one or more signals associated with the physiological changes; and a reader for

detecting and/or decoding signals from the cell layer to momitor physiological changes in the

-3 -
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patient; transmitiing one or more signals from the wearable device to a second device that is
capable of detecting and/or decoding the one or more signals to monitor physiclogical
changes in the patient; and detecting and/or decoding the one or more signals to monitor

physiclogical changes in the patient.

Brirr DESCRIPTION OF THE FIGURES

[0018] The details of the subject matter set forth herein, both as to its structure and
operation, may be apparent by study of the accompanying figures, in which hike reference
numerals refer to like parts. The components 1n the figures are not necessanly to scale,
emphasis instead being placed upon dlustrating the principles of the subject matter.
Moreover, all iHlustrations are intended to convey concepts, where relative sizes, shapes and

other detailed attributes may be illustrated schematically rather than hiterally or precisely.

(0019 FIG. | is a igh-level diagram depicting an exarple embodiment of a system for

monitoring physiological changes within the body, data acquisition, and/or processing.

{0020} FiG. 7 is a drawing depicting a wearable device in accordance with an

embodiment of the present disclosurg.

[0021] FIG. 3A, FIG. 3B, and FIG. 3C are perspective views of a wearable device in

accordance with an embodiment of the present disclosuare.

00221 FIG. 4 is a drawing of a wearable device in accordance with an embodiment of

the present disclosure.

[0023] FIG. 5A and FIG. 5B are drawings of a wearable device in accordance with an

embodiment of the present disclosure.

00241 FIG. 6A, FIG. 6B, FIG. 6C, and FIG. 6B are drawings of a wearable device 1n

accordance with an embodiment of the present disclosure.

[0025] FiG. 7A, FiG. 7B, FIG. 7C, and FIG. 7D are drawings of a wearable device 1n

accordance with an emboduinent of the present disclosure.
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(00261 FIG. 8A and FIG. 8B are drawings of a wearable device in accordance with an

embodiment of the present disclosurg.

(00271 FI(. 9 1s a drawings of a wearable device 1n accordance with an embodiment of

the present disclosure.

DETATLED DESCRIPTION

(00281 An lustrative embodiment of the present disclosure relates to a wearable device
suitable for monitoring physiological changes within the body. The device can include a

housing adapted to being secured to a patient’s body, the housing having a necdle configured
for fluid contact with a bodily fluid under a skin surface to monitor physiological changes in

the patient.

[0029] As used herem, the term “wearable device™ 18 anvthung that can be worn by an
mdividual and that has a back side that i some embodiments contacts a user's skin and a face
side. As used herein, the term “wearable” refers to a device that i1s removable, detachable, or
otherwise is not surgically implanted ito a patient. The term “wearable device” can also be a

monitoring device 1f it includes monitoring elements.

(00301 As used herein, the term “computer” is a general purpose device that can be
programmed to carry out a finite set of arithmetic or logical operations. Since a seqaence of
operations can be readily changed, the computer can sclve more than one kind of problem. A
computer can include of at least one processing element, typically a central processing unit
(CPU) and some form of memory. The processing element carries out arithmetic and logic
operations, and a sequencing and control unit that can change the order of operations based
on stored information. Penipheral devices allow information to be retricved from an external

source, and the result of operations saved and retrieved.

[0031] As used herein, the term “user” includes but is not limited to a person, under a

physician's care, whose physiological changes will be measured.

[0032] By “patient” or "subject” or "individual” or "animal” or "mammmal," is meant any
subject, particalarly a mammalian subject, for whom diagnosis, prognosis, or therapy is

desired. Mammalian subjects include humans, domestic amimals, farm animals, and zoo,
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sports, or pet animals such as dogs, cats, guinea pigs, rabbits, rats, mice, horses, cattle, cows,

bears, and so on.

[0033] FIG. | through FIG. 9, whercin like parts are designated by like reference
nwmerals throughoot, illastrate an example embodiment or embodiments of a wearable
biosensor suitable for monitoring physiological changes within the body, according to the
present disclosure. Although the present disclosure will be described with reference to the
example embodiment or embodiments illustrated in the figures, it should be understood that
many alternative forms can embody the present disclosure. One of skill in the art will
additionally appreciate difforent wayvs to alter the parameters of the embodiment(s) disclosed,
such as the size, shape, or type of clements or materials, in a manner still in keeping with the

spirit and scope of the present disclosure,

[0034] As FIG. 1 illustrates, embodiments of a system 100 for use in monitonng
physiclogical changes in the patient may comprise wearable devices 101, ¢.g., brosensors, for
monitoning physiological changes within the body. A number of systems and methods have
been developed for the automatic monitoring of bodily fluid such as in the blood stream, in
mterstitial flaid ("ISF™), dermal fhiud of the dermal layer, or in other biological fluid. Some of
these systems are configured so that at least a portion of a sensor is positioned below a skin
surface of a user, ¢.g., in a blood vessel or in the subcutancous tissue of a user, to obtain

information about at least one analyte of the body.

[0035] The wearable medical device 101 may be an ambulatory device {e.g., adevice
that 1s capable of and designed for moving with the patient as the patient goes about his or her
daily routine}. In an embodiment, the device 101 can be worn by the patient in a contingcus
{c.g., substantially continuous} fashion, and the patient's phvsiologic state can be
continuously momtored, e.g., monitoring the patient's physiological changes through its
sensors. In some embodiments, the continuous use can be substantially or nearly continuous
in nature. That is, the wearable medical device 101 may be continuously used, except for
sporadic periods during which the use temporarily ceases {¢.g., while the patient bathes,
while the patient is refit with a new and/or a different garment, while the battery 1s
charged/changed, while the garment is laundered, ¢tc.). Such substantially or nearly
continuous use as described herein may nonetheless qualify as continuous use. For example,

the wearable medical device 101 can be configured 1o be worn by a patient for as many as 24

-
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hours a day. In some implementations, the patient may remove the wearable medical device

for a short portion of the day {e.g., for half an hour to bathe).

[0036] The wearable device 101 1s also capable of extended use, and 1n some
implementations, extended long-term use. For example, the wearable device can be
configured to be used by the patient for hours, days, weeks, months, or even vears. In some
implementations, the extended use may be continuous n nature. The use {¢.g., the continuous
and/or extended use) of the wearable device can include continuous wear by the patient,
continuous attachment to the patient, and/or continuous monitoring of the patient. The
wearable device 101 may carry out #s monitoring in perindic or aperiodic time intervals or
fimes. For example, the monttoring durimg intervals or times can be triggered by a user action
or angther event. For example, one or more durations between the periodic or aperiodic

intervals or times can be user-configurable.

{0037} System 100 can have a first device 101 that produces a signal and a second
device 103 spaced apart from the first device 101 for receiving the signal that communicate
with gach other over a local communication path {or imk} 180, which can be wired or
wireless, and vni-directional or bi-directional. In embodiments where path 180 is wircless,
any near field commuanication (NFC) protocol, RFID protocol, Bluetooth or Bluetooth Low
Energy protocol, Wi-Fi protocol, proprictary protocol, or the like can be used, mcluding those
communication protocols in existence as of the date of this filing or their later developed
variants. i an embodiment, the signals may be optical signals or hight signals.  Asused
herein, “optical signals” mav refer to infrared light, visible light, and uitraviolet light. fn
accordance with an embodiment ot the present disclosure, the signals may be infrared light.
In accordance with an embodiment of the present disclosure, the signals may be visible light.
In accordance with an embodiment of the present disclosure, the signals may be ultraviolet
light. In accordance with an embodiment of the present disclosure, the signals may mchude
wnfrared hight, visible hight, vltraviolet light, electromagnetic radiation, radio waves,
microwaves, X-rays, gamma rays, altrasonic signals or combinations thereof. It should be

appreciated that other signals known in the art may also be mcluded

[0038] In an embodiment, the signals, ¢ g, optical signals, may travel through the body
with minimal mterference from the surrounding tissues or organs. For instance, the signals,
¢.g., opiical signals, may travel through muscles, organs such as lungs and the heart, bone,
cartilage, or any other tissues in the body while experiencing minimal interference and/or loss

nm
-] o=
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in wavelength frequency. In an embodiment, it is expected that the foss m wavelength
frequency will be less than 10%, less than 9%, less than 89, less than 7%, less than 6%, less
than 5%, less than 4%, legs than 3%, less than 2%, or less than 1% It should be appreciated
that the amount of loss can vary based on a number of factors. For instance, the amount of
loss can depend on the type of signal and/or the type of wavelength selected. In addition, the
amount of loss may depend on the amount of absorption, diffusion and/or scatter. It shouid
be appreciated by one skilled in the art, however, that the amount of loss will be minimal and

will not impact the operation of the disclosure of the present application.

[0039] In embodiments, the signal is encoded using frequency and/or amplitude
modulation. In this way, the signals, ¢.g., optical signals, may carry data such as blood
pressure, heart rate, ECG, body temperature, glucose levels, gene and protein changes, local
cellular changes that reflect systemic disease or change in health status or other body
parameters to second device 103, In an embodiment, the signals may have a wavelength
frequency in a range of approximately 1x 10-8 to 1x10-1Hz. Of course, it should be

appreciated to anvone skilled in the art that the wavelengths may vary.

00401 In an embodiment, the first device 101 can monitor the integrated biologic tissue
{(biopsied and grown cells) and nctice if there 18 a change in electrical activity of the cell,
increased contraction or stretch activity, or metabolic activity as it responds to the
physiologic signal of interest. In one embodiment, the direction of the signals 18 reversed. In
one embodiment, the signal is encoded using frequency and/or amplitude modulation. In this
way, the signal may carry data such as blood pressure, heart rate, ECG, body temperature,
glucose levels, gene and protein changes, local ccliular changes that reflect svstemic disease

or change in health status or other body parameters o second device 103,

[0041] In one embodiment, both the first device 101 and the second device 103 are
stfnated outside the body. For wnstance, the first device 101 is external to the body but secured
to the body while the second device 103 is spaced apart from the body. fn another
embodiment, only one of the components 1s extemal to the individual while the other is
mternal in the body. For instance, the first device 101 is internal in the body while the second
device 103 is external to the body. In ancther embodiment, there may be any number devices
tmplanted within the body or situated external to the body. The first device 101 may be the

same or substantially the same as that described in U.S. Patent Nos. 8,024,020, 8,849 .416;
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8,938,300 and U.S. Patent Application No. 13/212, 804 all of which are hereby incorporate

by reference.

(00421 In an embodiment, the second device 103 may be the same or substantially the
samne as the first device 103, In another embodiment, the second device 103 may be different
from the first device 103, For mnstance, the second device 103 may be a pace-maker, a
glucose monitor pump, an insulin pump, a neurostimulator, a defibriilator or any other

medical device that can be implanted within or carried on a person.

[0043] In an embodiment, the first device 101 may include a housing 110 for containing
the system for monitoring physiological changes in the patient’s bodily fluid. The housing
110 may be adapted to being secured to a patient’s body. In an embodiment, the housing 110
can have any suitable shape and size. The housing 110 may be oval, tubular, rectangular,
square, pentagonal, hexagonal, or any other shape as long as the housing 110 is able to be
secured to a patient’s body. To minimize discomfort and prevent sharp edges or obstruction
points to tissuc or surrounding materials as thev are engaged and moved, housing 110 may be
as thin as possible and the edges may be radiused or chamfered. The housing 110 can be
constructed of any materials suitable to form a structure, such as stainless steel, plastic,
polvamide, Teflon, polymers, ceramic, or other synthetic or biological materials, such as, but
oot linuted to, cartilage. In one cmbodiment, the materials have sutficient stiffness to
maintain their own respective column and are able to increase the flexural rigidity of the

probe to which they have been applied o

[0044] The housing 110 may be placed anywhere on the body and may be placed in
direct contact with the skin. In an embodiment, the housing 110 may be secured to the skin
with an adhesive element 105, The adhesive clement 105 contains an adhesive laver for
attachment to a skin surface of the body of the patient. Other forms of body attachment to the
body may be used, in addition to or instead of adhesive. For example, other forms of
attaching the housing 110 to the skin may include, but 15 not limited to, the use of a halter,
carrier, arm, wristband, belt, leg or abdomen banding. The device 101 may also be situated
apart from the skin and the body through the use of extended fluidic tubing to allow for use m
a hospital bed or other method where the device is not directly attached to the body when in

use for a patient that may not be ambulatory.
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[0045] Within housing 110, the system for monitoring physiological changes m the
patient’s bodily fluid can be found. In many embodiments, the system can be sterilized and
scaled within its housing 110 such the interior of the housing 1106 is inaccessible to the
external material environment {e.g., air and the user). In such a configuration the user does
not have access o the components of the system. The system can be coupled with a

sensor 107 that can extend through an adhesive element 103 and project away from

housing 110. Sensor 107 is adapted to be at least partially inserted into the body of the user,
where it can make fluid contact with that user's body fluid {e.g., mterstitial thud (I5F), dermal
Auid, or blood) and be used, along with the in vivo analyte monitoring circuitry, (o measure

analyte-related data of the user.

[0046] In one embodiment, the sensor 107 13 a needle. The sensor 107 can be inserted
into the patient subcutancously or intravenousty. In an embodiment, the wearable device 101
ts capable of being removed from the patient’s body. Once removed, the device 101 can
etther be reapplied or a new device 101 can be applied to the patient. When the sensor 107 1s
inserted subcutancously, removable of the device 101 means that the entire device 101,
including the sensor 107, is removed from the patient’s body. On the other hand, when the
sensor 107 is inserted intravenously, removal of the device 101 means that sensor 107 is
capable of detaching from the intravenous line that was mserted into the patient,
Alternatively, removal of the device 101 means that device 101 1s detached from the sensor

107 whaich 1s left behind with the intravenous line.

[0047] In one embodiment, the first device 101 and its components can be applied to the
body with a mechanical applicator 150 in one or more steps or in any other desired manner,
Once the user has chosen an application site, the device 101 is sceured to the body. To secure
the device 101, the user places the mechanical applicator 150 on the skin of the insertion site
and then applics a force to install the device 101, The mechanical applicator 150 is driven to
wnsert the distal end of the sensor 107 through the user's skin, adhere the device 101 to the
skin surface, and separate the device 101 from the mechanical applicator 150. In some
embodiments, the user performs the application operation by applying force to the applicator
where the force applied is a single, continuous pushing motion along the longitudinal axis of
the applicator that once started, canses the applicator to perform the application operation
such that the applicator does not stop operation votil completion. In an embodiment, an

adhesive element 105 of the device 101 does not contact the user until the application

-1 -
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operation 1s performed. So, the even after the applicator has been placed on the skin, the
applicator can be moved to a different location up until the application operation is performed

without damage to the apparatus or other systom components.

[0048] In accordance with varicus embodiments, the housing 110 and device 101 can be
made as a whole picce or segment, or in separate segments that can be coupled together, (i)
mechanically, (11} by adhesion, (in1) by heat staking, (iv) with magnets, (v} other coupling

mechanisms, and the fike.

00491 After activation, the first device 101 can wirelessly communicate the collected
bodily fhud data {such as, for example, data corresponding to monitored physiological
changes to second device 103 where, in certain embodiments, it can be algorithmically
processed into data representative of the physiological changes of the user and then displayed

to the user and/or otherwise incorporated into a moniforing regime for a specific condition.

[0050] Ag shown in FIG. 1, the svstem 100 can also mclude a second device 103 that
receives physiclogical data from the first device 101 and detects, decodes, processes, and/or
displays that physiclogical data, in any number of forms, to the user. In an embodiment, the
sccond device 103 may decode or demodulate the signal 180 to receive the data encoded
within the signal 180 and may compare the signal 180 to a reference signal to diagnose the
disease or condition. In response to the detected signal 180, the second device 103 may
mitiate an action. The action can include adjusting the patient’s medical treatment (.¢. drug
delivery), activate an alarm, send information to the physician, ete. It should be appreciated

that signal 180 can be uni-directional or bi-directional.

(00511 This second device 103, and vanations thereof, can be referred to as a “reader
device” {or simply a “reader”}. “handheld electronics™ {or a handheld), a “portable data
processing” device or unit, a “data receiver,” a “receiver” device or unit {or simplv a
recciver), or a “remote” device or unit, to name a few. Other devices such as personal

computers have also been utilized with or incorporated mto in such monitoring systems,

(00521 In one embodiment, the second device 103 can be a mobile communication
device such as, for example, a Wi-Fi or micrnet enabled smartphone, tablet, or personal
digital assistant {PDA). Examples of smartphones can include, but are not limited to, those

phones based on a WINDOWS operating svstem, ANDROID operating systern, IPHONE

=11 -
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operating systemn, PALM WEBOS, BLACKBERRY operating svstem, or SYMBIAN
operating system, with network connectivity for data communication over the internet or a

local area network (LAN}.

[0053] Second device 103 can inchude a display that ovtputs information to the user
and/or to accept an mput from the user {e.g., if configured as a touch screen), and one or more
optional user interface components, such as a bution, actuator, touch sensitive swiich,
capacttive switch, pressure sensitive switch, jog wheel or the bike. Second device 103 can
also inchude one or more data communication ports for wired data communication with

external devices such as a computer system 170 or a cloud 172,

[0054] Computer system 170 may be a personal or laptop computer, a tablet, or other
suitable data processing device. Computer 170 can be cither local {¢.g., accessible via a direct
wired connection such as USB) or remote to second device 103 and can be (or include)
software for data management and analysis and commumnication with the components in

system 100,

[0055] Computer system 170 can be ased to perform avthentication of the first

device 101 and/or second device 103, used to store confidential data recetved from

devices 101 and/or 103, used to output confidential data to devices 101 and/or 103, or
otherwise. Computer system 170 can include one or more computers, servers, networks,
databases, and the like. Computer system 170 can be within the possession of the
manufacturer or distributor of first device 101, etther physically or virtually through a secured
connection, or can be maintained and operated by a different party {¢.g., a third party).
Computer system 170 can be trusted in the sense that system 100 can agsume that computer
gystern 170 provides authentic data or information. Cormputer system 170 can be trusted
simply by virtue of 1t being within the possession or control of the manufacturer, e.g., like a
typical web server. Alternatively, computer system 170 can be imaplemented in a more secure
fashion such as by requining additional password, encryvption, firewall, or other intermet
access security enhancements that further guard against counterfeiter attacks or attacks by

computer hackers.

00561 The processing of data and the execution of software within system 100 can be
performed by one or more processors of first device 101, second device 103, and/or computer

system 170, For example, raw data measured by sensor 107 can be algorithmically processed

-12 -
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into a value that represents the physiclogical level and that 1s readily suitable for display to
the user, and this can ocear in first deviee 101, second device 103, or computer system 170.
This and any other information derived from the raw data can be displayed inany of the
manners described above on any display residing on any of first device 101, second

device 103, or computer system 170, The formation may be utilized by the user to
determine any necessary corrective actions to ensure the analyte level remains within an

acceptable and/or chinically safe range.

{00571 FIG. 2 is a drawing of housing 110 with s components for monitoring
physiclogical changes in the patient’s bodily fluid. In an embodiment, bousing 110 may
include a chamber 120, an electronics source 122, a microfluidic pump 124, a waste fluid

chamber 126, and a power source 128.

[0058] FIG. 34, 3B, 3C, 3D, 4, 3A, 5B, 6A, 6B, 6C, 6D, 7A, 7B, 7C, and 7D show
various illustrations of chamber 120. As illustrated in FIG. 3A, the chamber 120 may include
at least one opening 130. The opening 130 may be cireular, rectangular, square, pentagonal,
hexagonal, or any other shape. In one embodiment, the opening 130 is circular. The opening
130 may be any size appropriate for the chamber 120, In an embodiment, the diameter of the
opening 130 ranges from about 0.10 mm and about 0.40 mum. As shown in FIG. 6B, the
diameter is about 0.17 mm v diaraeter. Chamber 120 may be substantially as shown m US.

Patent Application Number 16/410,294.

00591 In an embodiment, the chamber 120 may include a biologic component 132
situated within the opening 130 in the body. In an embodiment, the biologic component may
include cells 134 pre-positioned on or in the device prior to implantation. The pre-positioned
cells 134 may be adapted to respond to a physiological signal from a patient. In one
embodiment, the cells 134 may be from the target site. In another embodiment, the cells 134

may be from other sttes.

[0060] The cells 134 may be placed in one laver, two layers, or multiple layers.
Furthermore, the cells may be placed within three-dimensional {i.¢e., multi-layered) matrices
and not limited to such a layer on a two-dimensional plate. The celis 134 are placed so that
the cells 134 have a thickness of generally no more than about 0.5-1 mm so that the cells

receive ample mitrients including oxygen exposure.

- 13-
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[0061] The cells 134 are cells of interest (such as, but not limited to, cardiac, vascular,
gastrointestinal, bone, tissug, or cartilage, depending on the application) which are cultured or
otherwise obtained from the patient and grown in a chamber. The internal environment and
architecture of the chamber is optimized to support the specific cells of interest and may
meclude but not limited to, natural and synthetic matrix matenals used for scaffolding and
sapport of cells 134, Since the cells are cells of nterest from the patient, they are able 1o
survive once implanted. The chamaber 120 is a biocompatible structure that allows the healthy
growth and adhesion of cells. Although synthetic and/or naturally occurnng substances are
preferred, any substance can be used that has biocompatibility with the target cells and
maintains cellular architecture mtact while allowing cells to grow and live within its

environment.

0062} The cells 134 are selected based on their abihity to detect and respond to the
physiologic signal of interest. For example, if a response to circulating chemical messengers
such as catecholamines is required mformation, then skeletal muscle may be used.
Accordingly, those cells eliminate the need for a separate sensor to detect the desired
chemical messenger. In this setting, the muscle 1s biopsied from the arm or leg and placed
nto an environment that allows separation of the cells in an atraumatic fashion so as to
minimize damage. The cells are then grown onto the device. The site of growth inchudes
direct contact with an array of clecirodes or Micro-electromechanical devices. The electrode
array imterface may be 1 a single plane or the electrodes distributed within a three-
dimensional architecture so that the cells are m direct contact with a vanety of electrodes.
When the cells have matured and attached themselves io the electrode/sensor
circuitry/MEMs, then the device 1s prepared for implantation within the same person from
whom the cells were obtained. Alteratively, the cells may be from another human or non-
human source and produced in such a way to be compatible with the person 1n whom it 1s

tmplanted. This minimizes scar formation and rejection.

[0063] In this scenario, the cells 134 respond to increase in catecholamings by mcreasing
their frequency of firing as well as strength of contraction, which 1s measured by a shear
stress recording sensor, pressure via pressure transducer, and the rate of change of the
mechanical conformational changes. The change in shear stress/pressure and/or electrical
activity (amplitude and frequency) can be detected. The elecirical activity is also recorded if

it 15 the desired signal or cellular response that i1s used as a marker. The first device 101 then

- 14 -
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transmits the detection to an external controller or may have its own controller that either
stores and/or acts on the mformation by emitting an electrical stimulus to mhibit or stinulate
the target organ in which the device (s implanted. The data may also be wirelessly
communicated, for cxample using ultrasonic sound, to another networked implanted or
external device that then performs the intervention that may consist of electrical stimulation

or trigger an infusion of a substance by an implanted or external pump.

[0064] Within the chamber 120, the cells 134 are situated between a first 136 membrane
and a second membrane 138 as shown in FIG. 3C. The first membrane 136 and second
membranc 138 function to keep the cells 134 positioned in one place and prevent them from
being distorted. In one embodiment, the first membrane 136 18 non-porous. The first
membrane 136 is positioned adjacent to or abutting the vessel 110 and provides an interface
between the vessel 110 and the cells 134 it contacts. In one embodiment, the first membrane
136 is made of glass. The second membrane 138 15 positioned adjacent to the human body
and provides an interface between the human body and the cells 134 it contacts. In contrast to
the first membrane 136, the second membrane 138 may be porous to allow for select fluid

and nutrients to pass to the celis 134,

[0065] To maintaio the positioning of the cells 134 between the first membrane 136 and
second membranc 138, the opening of the chamber 120 may be in the form of a crater, as
shown in FIG. 3A and FIG. 3B. In one embodiment shown in FIG. 3B, the crater shape may
include walls 140 that extend from the base 142 of the crater to the top 144 of the crater. At
the base 142 of the crater is the second membrane 138 which contains the laver of cells 134,
The wall 140 acts to secure the cell laver within the biologic component and prevent
distortion or migration of the cells. In one embodiment, the base 142 of the crater has a
smaller diameter than the top 144 of the crater. In another embodiment, the base 142 of the
crater has the same or substantially the same diameter as the top 144 of the crater. In one
embodiment, the wall 140 may have angled sides 1n relation to the biologic material 132, In
one embodiment, the sides of the wall 140 may be angled between about 30 degrees and 90

degrees. In one embodiment, the sides of the wall 140 may be angled at about 45 degrees.

[0066] In addition, an optional coating may be applied to the cuter surface of celis 134
or to the first membrane 136 or second membrane 138, The coating may mubit the formation
of scar tissue or fibrotic growth over the first device 101, In addition, a coating may mnclude
substances {o promote growth of blood vessels around the device to enhance or optimize

-15.
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contact with blood/fluid borne signals. In another embodiment, the coating may be a drug-
chuting coating which delivers drug to surrounding tissue at predetermined rates. Steroids

dihute over time and eventually disappears.

(00671 Referring now to FIG. 9, the first device 101 may further inchide an electronic
component 114 In an embodiment, the electronic component 114 may include a light source
{(not shown} for shining light onto the cells 134 through the first membrane 136 thereby
caustng certain cells 134 to emit light as shown i FIG. 8A. In FIG. 8A, an excitation signal
in the form of light is emitted by an excitation emitter (not shown) that enters the cells 134
The cells 134 have surface receptors that are integral to the membrane protemms of the cell.
When a signal (¢.g., light) mteracts with the receptors, they form a triggering mechanism that
stimulates a signaling response that may also mclude DNA/RNA response that, in turn,
causes a protein 1o be synthesized by the cells 134, It may also trigeer direct protein
conformational changes independent of protein synthesis that can be detected. That protein
has certain physical properties, including the ability to fluoresce upon absorption of certain
wavelengths of light. The more protein present in the cells 134, the higher the flucrescence
mtensity. fn an alternate embodiment, a detection protein, like green fluorescent protein
(GFP) from jellvtish, may be attached to the proten (other detection substances may also be

used). In an alternate embodiment, an intracellular dye may also be used mstead of GFP.

[0068] To detect and/or decode light emitied from the celis 134, the electronic
component 114 of the first device 110 may further include a reader {not shown}. The reader
detecting and/or decoding light emitted from the cells 134 to monitor physiological changes
in the patient. The cells 134 provide sensing and individual cellular responses that can be
measured by the reader 114, such as pressure and deformation changes in cellular structure,
photo-optical changes elicited by the ccll. The ability to detect and measure these various
cellular responses, the first device 101 provides a broad range of clinical application for
which it can be used. The first device 101 such as that of the present disclosure can be

individually tatlored to measure different physiological changes in the patient.

[0069] The first device 101 may further include a microfhadic pump 124 to allow for
fresh fluid to Hlow over the cells 134, In an embodiment, the fhud may flow continuously
over the celis 134 or it may flow non-continuously. A microfiuidic pump 124 generally refers
to any structure or group of structures capable of applying pressure to a fluid, and/or
facilitating the flow of thud in one or more desired directions in a microfluidic device. A

- 16 -



WO 2021/030416 PCT/US2020/045892

number of the valve structures can be placed in series and imterconnected by microchannels to
form a micro pump 124 m accordance with an embodiment of the present disclosore. The
puimp 124 may be operated in peristaltic-like cycles. When activated in the proper sequence,

fluid will be forced through the pump structure.

{0070] In accordance with the embodiment depicted in FIG. 2, the first device may
further include a waste fluid chamber 126 for receiving and storing the fluid afier it has
passed over the cells 134, In accordance with an embodiment of the present disclosure, the
fluid that leaves the patient’s body is never returned or recycled back into the body. Instead,
the fluid is collected in the waste fluid chamber 126 until 1t is discarded. In this way, the
device 101 of the present disclosure 1s a one-way device. The waste fluid chamber 126 can be

of any shape and size as long as 1t fits within the housing 110,

[0071] In an embodiment, the waste fluid chamber 126 can be removable and
replaceable so that the contents of the chamber 126 can be discarded and a new or empty
chamber 126 can be reinserted by the user. In an embodiment, the waste fluid chamber 126
can include a sensor that 1s capable of monitoring and detecting the amount of fluid in the
waste fluid chamber 126 and subsequently alerting the user when the fluid needs to be

discarded.

10072} The first device 101 may forther include a power source 128, In an embodiment,
the power source 128 may be a battery configured to provide power to one or more
components integrated in the device 101, In an embodiment, the power source 128 can
include a rechargeable multi-cell battery pack. In one example embodiment, the power source
128 can include three or more 2200 mAh lithium 1on cells that provide electracal power to the
other device components within the device 101, For example, the power source 128 can
provide its power output in a range of between 20 mA to 1000 mA (e.g., 40 mA) output and
can support 24 hours, 48 hours, 72 hours, or more, of runtime between charges. In certain
mmplementations, the battery capacity, runtime, and type (e.g., ithiom 1on, nickel-cadmium,
or nickel-metal hvdride) can be changed to best fit the specific application of the device 101,

It should be appreciated, however, that other power sources may also be used.

{00731 In an embodiment, the power source 128 may be situated within the housing 110,
In such a configuration the user does not have access to power source 128, In an embodiment,

the power source 128 may be removable. In an embodiment. the power source 128 can be
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rechargeable. o this manner, the power source 128 can be removed from the device 101 and
can be recharged either wirglessly or can be recharged in a charging station connected to a

source of electricity.

[0074] In accordance with an embodiment of the present disclosure, the power source
128 can be put info a sleep state when not actively used in order to preserve power. A wake-
up feature allows the power source 128and other electronics of the device 101 to “sleep”
during non-use or and is initiated nto the “wake up” mode by certain predestinated events.
For example, as the first device 101 comes owt of the factory, the first device 10l canbeina
dormant state where only a very low power drain exists on the power source 128, When the
user 18 ready to use a first device 101 for the first time, the first device 101 can be brought out
of its dormant state into a relatively higher power state, or a full power state {e.g., awakened
or activated) by a mechanism activated by the user. This enhances both the shelf and

operating life of first device 101,

(00751 The first device 101 may further include a tomperature sensor and controller
{c.g., a thermocouple, a thermistor, a resistance temperature device, an optical or infrared
sensor, combinations of the same or the hike) that 1s capable of maintaming the cells in the
proper teraperature for functioning. In these devices an electrical parameter—typically
voltage or resistancc—changes i relation 1o a temperature change. A circuit is configured to
measure the change in the parameter to derve the temperature change or temperature. Wires
are used to connect to the device to the electrical circuit and transfer the data to a digital
display. For an intravascular catheter the wires need to be reduced or chiminated in order to
minimize the impact on the catheter performance. As used herein, a “temperature sensor”
meludes any temperature determination device/mechanism for measuring temperature and
communicating temperature information to a controler and/or to a pump processor. In an
embodiment, a tomperature sensor may monitor for high temperature or low temperature
signals and then mstruct a controller to adjust the temperature to the desire amount. In this

manner, the device 101 of the present embodiment can operate outside of the human body.

[0076] The first device 101 may further include radio frequency identification (RFID)
tag 160 for remotely stonng and retricving data. An RFI1D tag 160 is a small object, such as
an adhesive sticker, that can be attached to or incorporated into the wearable device 110 of
the present disclosure. As shown i FIG. 3B and FIG. 3C, the main enclosure 124 of the

vessel 122 may mclude a slot 162 for housing the RFID tag 160. There are passive and active
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RFID tags. Passive RFID tags are small devices that are generally used at shorter range and
for simpler tracking and monitoring applications than active tags. Passive tags generally act
over ranges up 1o 3-3 meters, and a fow hundred are typically readable simultancously within
three meters of a reader. Because they are powered by radio waves from RFID tag reader,
passive tags do not use a battery. Accordingly, these devices are generally inexpensive and
smaller than active tags and can last long. Active RFID tags have a power source, such as a
batterv, and generally bave longer range and larger memories than passive tags. For example,
active tags generally act over ranges up to 100 meters, and thousands of tags are typically
readable simultancously within 100 meters of a reader. For more details on passive and active
RFID tags, see http//RFID-Handbook com, which is hereby incorporated by reference. It
should be appreciated that any sort of identification tagging, inchuding bar code or other

clectronic means, may also be used.

{0077} Accordingly, it is envisioned that the systern 100 and the wearable medical
device 101 for use with the systems and techniques as disclosed herein can be configured to
mounttor and/or treat a patient. For example, the wearable device 101 can be configured to
monitor physiological signals from the patient, and on detecting a medical event based on the
monitored signals, treat the patient as needed. As described herein, a treatment sequence can
nclude detecting a treatable medical condition, preparing the device for the treatment of the
condition, providing a nctification to the patient and/or others about an impending treatment,

and/or delivering the treatment when certain conditions are met.
g

[0078] In another embodiment, the system 100 may be used for drug release or drug
delivery applications. Drug delivery may be accomplished by way of epidermal delivery,
transdermal delivery, intravenous delivery, or any other know suitable delivery method that
provides drug delivery via a wearable device, such as, for example, through a transdermal
matrix or a needle. Further treatment may include mstructions delivered via commumications
with providers or databases via the user interface of the disclosure. Treatment may be
automaied in some embodiments, or triggered by user or provider decision making, whether
remote to the user or on-stte. In this regard, doug delivery mav be performed viaa
conmmunications component that sends dosing instructions to a dispensing device {e.g., an
msulin pump or a medication pump) which may be secured to a patient. In an embodiment,
the second device 103 may be coupled to the drug dispensing device. In response to a signal

180, the second device 103 may instruct the drug dispensing device to release drugs into the
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body. Sensors may then detect the effectiveness of the drug and allow the user to tngger
another dose release. Such systems may allow for patient targeted treatment. This may be
particularly useful in chronically il patients. such as diabetic patients or patients undergoing
cancer treatment. It should be appreciated that signal 180 can be uni-directional or bi-

directional.

[0079] In another application, the wearable device 101 may be used n health
monitoring. Similar to the above application, the second device 103 may detect and decode
the signal 180 and may store data on storage mediom such as a flash card, hard drive, or other
devices known to those of skill m the art and/or send the data to a base station, such asa
computer, a smart phone, or cell phone. Depending on the complexity of the system setup
the mformation may be forwarded directly to a physician’s office or nurses” station, first
responders, or other qualified personnel who may then review the data and access the best
possible treatment path forward. It should be appreciated that signal 180 can be uni-

directional or bi-directional.

(00801 In a further application, embodiments of the disclosed wearable device 101 could
be used to diagnosis medical conditions. Currently, a health care professional may be able to
diagnose conditions and diseases only after reviewing and analyzing data such as the results
of blood work, x-ray, computed tomography or magnetic resonance imaging, ctc. Without
being Himited to theory, it 1s believed that conditions or diseases may have distorted signal
180. Ip a healthy individual, the signal 180 may be transmitted differently than in an
unhealthy individual. Using an embodiment of the disclosed system, differences i the signal
107 or rate of transmission may alert a bealth care professional of a possible mjury, disease or

condition.

[0081] The wearable device 101 of the present disclosure can also provide information
for use by other medical devices, such as a cardiac ventricular assist device to alter its flows
and parameters to maximize cardiac output. The wearable device 101 can alternatively be
used to modulate blood pressure and central nervous system retlexes such as the baroreceptor
reflex system from peripheral nervous system points or directly form the brain itself. Hcan
also be used to predict events such as ventricular fibritlation or onsct of seizure activity
within the brain by detecting neuro-transmiiter changes that can only be detected by biologic

tissue.
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00821 The wearable device 101 of the present disclosure is able to stimulate tissue with
a predetermined sub-threshold pacing and determine the response of the cells 134 to obtain
data regarding the cells” perception of the body's physiclogic processes. For example, a cell
may slightly increase electrical frequency of depolarization in response to an event, but the
first device 101 may increase the sensitivity of the detection by stinmlating the cell 132 and
study the response of the cells 132 to the stimuli as a way of mterpreting the signal. The
stimulation triggers a response from the cells depending on the application. That cvoked

response provides information about the conditions being sensed by the celis.

[0083] Advantages of the device 101 of the present disclosure includes the ability of the
device 101 to continuously monitor physiclogical changes n the patient thereby providing
more accurate mformation about the patient. This, in turn, mproves the diagnosis and
treatment of the patient by allowing it to be more personalized. In addition, the device 101 of
the present disclosure can be secured to and/or removed from the patient by a medical
professional during an office visit rather than through surgery. This minimizes the time, pain,
and inconvenience associated with having a surgical procedure o install a medical device. In
this way, the device 101 of the present disclosure is casv-to-use, reliable, and minimizes both

user meonvenience and pamn.

[0084] Numerous modifications and alternative embodiments of the present disclosure
will be apparent to those skilled in the art in view of the foregoing description. Accordmgly,
this description is to be construed as tlustrative only and s for the purpose of teaching those
skilled in the art the best mode for carrying out the present disclosure. Details of the structure
may vary substantiaily without departing from the spirit of the present disclosure, and
exclustve use of all modifications that come within the scope of the appended claims is
reserved. Within this specification embodiments have been described in a way which enables
a clear and concise specification to be written, but it 1s indended and will be appreciated that
embodiments may be variousiv combined or separated without parting from the disclosure. It
is intended that the present disclosure be fimited only to the extent required by the appended

claims and the applicable mles of law.

[0085] 1t 15 also to be understood that the following claims are to cover all generic and
specific features of the disclosure described herein, and all statements of the scope of the

disclosure which, as a matter of language, might be said to fall there between.
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CLAIMS

What is claimed i1s:

1. A wearable device for use in monitoring physiological changes i the patient,
comprising:

a housing adapted to being sccured to a patient’s body, the housing comprising
aneedle configured for flund contact with a bodily fluid under a skin surface;

a chamber having a cell layer and configured to monitor physiological changes
in the bodily fluid and to generate one or more signals associated with the
physiological changes; and

areader for detecting and/or decoding signals from the cell layer to momitor

physiological changes in the patient.

2. The device of claim 1, wherein the device is capable of substantially continuous
momtoring.

3. The device of claim 1, wherein the housing is secured to the patient’s body with a
removable clement.

4, The device of claim 3, wherein the removable ¢lement i3 an adhesive tape.

5 The device of claim 1, wherein the chamber 1s adapted to being secured within the
housing.

6. The device of claim 1, wherein the chamber comprises a biologic component having a
cell layer having cells pre-positioned on or in the device prior to implantation and
wherein the pre-posttioned cells are adapted to respond to a physiclogical signal from
the patient

7. The device of claim 1, wherein the chamber further comprises a first membrane and a

second membrane on ¢ither side of the biclogic component.
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8. The device of claim 7, wherein the first membrane is a non-porous membrane on

which the cell layer is pre-positioned.

9. The device of claim &, wherein the first membrane is made from glass.

10. The device of claim &, wherein the second membrane is a porous membrane that
allows for select fluid and nutrients to pass to the cell laver.

11 The device of claim 8, wherein the chamber further comprises an electronic
component.

12. The device of claim 11, whergin the electronic component is a light source that shines
light onto the cell layer thereby causing certain cells within the cell layer to emit light.

13. The device of claim 1, wherein the chamber further comprises a microfiuid pump for
pumping fresh fluid over the cells.

14. The device of clamm 1, wherein the chamber further comprises a waste fluid chamber,

15, The device of claim 14, wherein the waste fluid chamber receives and stores the fhuid
after it has passed over the cells.

16. The device of claim 1, wherein the device is capable of engaging in atwo-way
communication through transmission of one of more signals with a sccond device.

17. The device of claim 1, wherein the device further comprises a temperature sensor for
monitoring temperature changes m the cells.

18 The device of claim 17, whergin the device further comprises a3 temperature controller
for adjusting the temperature to a desired parameter.

19 A system for monitoring physiological changes in the patient, comprising:

a wearable device for use in monitoring physiological changes in the patient,
comprising;
a housing adapted to being secured to a patient’s body, the housing
comprising a needle configured for fluid contact with a bodily fluid endera

skin surface;
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a chamber having a cell laver and configured to monitor physioclogical
changes in the bodily fluid and to generate one or more signals associated with
the physiological changes; and
a reader for detecting and/or decoding signals from the cell layer to monitor

physiological changes in the patient;
a second device for detecting and/or decoding the one or more signals to

monitor physiological changes in the patient.

24 A method for monitoring physiclogical changes m the patient, comprising:
providing a wearable device for use in monitoring physiological changes in
the patient, comprising;

a housing adapted to being secured to a patient’s body, the housing
comprising a needle configured for fluid contact with a bodily fluid endera
skin surface;

a chamber having a cell layer and configured to monitor physiological
changes in the bodily fluid and to generate one or more signals associated with
the physiological changes; and

a reader for detecting and/or decoding signals from the cell laver to
monttor phyvsiological changes in the patient;
transmitting one or more signals from the wearable device to a second device

that is capable of detecting and/or decoding the one or more signals to monitor
physiclogical changes in the paticnt; and
detecting and/or decoding the one or more signals to monitor physiological

changes in the patient.
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