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PCT INTERNATIONAL APPLICATION FOR

SYSTEMS AND METHODS FOR DETERMINING AND COMMUNICATING

LEVELS OF BILIRUBIN AND OTHER SUBCUTANEOUS SUBSTANCES

RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent Application No. 63/238,058,
filed August 27, 2021, the disclosure and teachings of which are incorporated herein by

reference.

FIELD OF THE INVENTION
The present invention relates generally to systems and methods for determining
concentrations of a substance in a patient’s body based on the coloration of the patient’s skin.
The invention provides a module with light sources and optical detectors coupled to a
computing device, such as a smartphone, to measure the substance’s optical properties in the
skin, calculate the concentration of the substance in the skin, analyze the data with respect to
accepted clinical guidelines, and then electronically communicate the information to patients,

caregivers, and/or health care providers.

BACKGROUND OF THE INVENTION
During the first weeks of life, most newborns develop a visible yellow coloring of the
skin, known as jaundice, due to an increase in a chemical called bilirubin. Moderate levels of
bilirubin are benign, but very high levels — called severe hyperbilirubinemia - can cause a
condition called kernicterus, which is a severe and life-long severe form of athetoid cerebral

palsy with hearing dysfunction, dental-enamel dysplasia, and intellectual handicaps.
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In order to reduce the likelihood of kernicterus, the American Academy of Pediatrics
recommends that all infants be evaluated for jaundice with systematic measurement of bilirubin
and treated according to specific protocols. Measurement of bilirubin levels is most accurately
done by chemical analysis of a blood specimen, but hand-held instruments have also been
developed to estimate bilirubin levels by optical measurement of subcutaneous skin coloration.
Because of their high cost, such instruments are only practical in a hospital, clinic, or doctor’s
office setting. There are no currently available technologies for estimating the bilirubin level
using a device available at a price level consistent with use in the home. Accordingly, it is often
necessary for infants to return to a laboratory facility or hospital to have a blood sample
obtained to determine bilirubin levels, which may involve substantial inconvenience and cost.

The present invention described herein provides a low-cost hand-held module (the
“module”) which utilizes the functions of smartphones, tablets, computers, or other personal
devices with communication capabilities to give parents and healthcare providers a
noninvasive, rapid, and easy-to-use tool to monitor bilirubin through changes in the
subcutaneous skin coloration of the infant. The invention further provides an affordable method
of estimating bilirubin levels in the home that will simplify and vastly improve the outpatient
management of hyperbilirubinemia in babies during the first weeks at home. Moreover, the
technology of optical measurement of color wavelengths and light intensity utilized in the

present invention may also be extended to the measurement of other bodily substances.

SUMMARY OF THE INVENTION
The present invention provides systems and methods for determining levels of bilirubin
or other substances in an individual based on subcutaneous skin coloration. The module
described herein includes light sources and light detectors which may connect by wireless or

wired communication to certain hardware, such a smartphone, tablet, or other mobile or
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stationary computing device (e.g., laptop computer or desktop computer) (collectively, the
“hardware™), and further utilizes this hardware to analyze the data with respect to widely
accepted clinical guidelines and communicate the calculated levels and recommended actions
to health care providers for appropriate evaluation and actions. In another embodiment, the
relevant hardware functions may be contained within the module, so that it becomes a
standalone solution for the determination of bodily substances based on the optical properties
of the substance.

The module may include light sources emitting either specific wavelengths of light
(e.g.. blue and green wavelengths for bilirubin measurements) or white light to penetrate the
skin to the subcutaneous level.

If specific wavelengths of light are emitted by the light source, one or more light sensors
measure the light level intensities and wavelengths scattered and reflected from the
subcutaneous skin layer.

If white light is emitted, the white light scattered and reflected from the subcutaneous
skin layer shall be separated into separate wavelengths of light by filters, photodiodes, or other
components and measured for the light level intensity for the desired wavelength (e.g., blue
and green wavelengths for bilirubin).

By use of an algorithm in the firmware or software in the module or the hardware, the
coloration of the subcutaneous tissue may be determined which, in turn, identifies the
concentration of substances, such as bilirubin, in the subcutaneous tissues.

In a preferred embodiment, the remote module may also include a wireless
communication device, such as a BLUETOOTH transceiver or communication device, or a
wired connection to send information to the hardware about the scattered and reflected light
level intensities and wavelengths measured by one or more sensors. The remote module may

also include a battery or other power source, such as a wired power source.
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The hardware may include wireless and/or wired capabilities to receive data containing
information about the light level intensities and wavelengths measured by the light sensor or
sensors in the module. The hardware may also include an application or other software system
to calculate and/or display bilirubin values, provide graphical and/or analytic evaluations of the
concentration of bilirubin or other optically determinable substances in accordance with
established clinical guidelines, and/or provide a graphical or analytic display of the values
obtained by the present invention compared to clinical standards (the “app™). The hardware
may also include capabilities to control and to display information on the remote module and
to transmit information derived from the application or other software and other relevant
parameters to the user and/or health care providers by any and all systems designed for the
secure transmission of health care information. In another embodiment, the module may refer
to a combination of the remote module and the hardware in a single housing, operating as a
standalone device.

In general, in one aspect, the invention features a system for monitoring and
communicating levels or concentrations of a substance in a patient’s skin based on an optical
property of the substance, including a computing device including a memory and a processor,
a software application stored in the memory of the computing device and configured to run on
the processor of the computing device, and a module in communication with the computing
device, said module including a data communication capability, where the data includes light
intensity or wavelength information, a light source configured to provide light capable of
penetrating the patient’s skin to a subcutaneous level, a light sensor configured to detect the
light from the light source reflected and scattered from the patient’s skin including from the
subcutaneous level at a single point in time or sequentially at multiple points in time, and a

power source, where the software application is configured to determine the levels or
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concentrations of the substance in the patient’s skin based on a measurement of light intensity
or wavelength from the light sensor.

Implementations of the invention may include one or more of the following features.
The light sensor may measure light intensity sequentially at multiple points in time in rapid
succession. The light source may be configured to provide blue and green wavelength light.
The light source may be configured to provide white light, where the module may further
include a photodiode or a light filter to separate the white light reflected and scattered from the
patient’s skin into blue and green wavelength light. The light sensor may measure light
intensity at a single location on the patient’s skin or at multiple locations on the patient’s skin.
The power source may be a battery or a wired power source.

The substance may be bilirubin. The substance may also be a bodily fluid, a body
product, a drug marked for a color marker, a drug containing a color marker, a biologic marked
for a color marker, or a biologic containing a color marker. The system may further include an
ambient light sensor, where the software application may be configured to account for light
intensity of ambient light measured from the ambient light sensor in calculating a net light
intensity of light reflected and scattered from the patient’s skin. The software application may
be configured to measure a light intensity of a wavelength of light present in one or more
readings captured by the light sensor. The software application may be configured to transmit
or display the levels or concentrations of the substance in the patient’s skin to a recipient, where
the recipient may be the patient, a user of the system, a caregiver, health care providers, or a
secure website. The software application may be configured to store a result of system use and
provide a comparison of the result with clinical standards.

In general, in another aspect, the invention features a system for monitoring and
communicating levels or concentrations of a substance in a patient’s skin based on an optical

property of the substance, including a computing device including a memory and a processor,
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a software application stored in the memory of the computing device and configured to run on
the processor of the computing device, and a module in communication with the computing
device, said module including a data communication capability, where the data includes light
intensity or wavelength information, a light source configured to provide light capable of
penetrating the patient’s skin to a subcutaneous level, a light sensor configured to detect the
light from the light source reflected and scattered from the patient’s skin including from the
subcutaneous level at a single point in time or sequentially at multiple points in time, a skin
sensor located on the module at a region configured to contact the patient’s skin, and a power
source, where the software application is configured to determine the levels or concentrations
of the substance in the patient’s skin based on a measurement of light intensity or wavelength
from the light sensor, and where the skin sensor is configured to determine whether there is a
light-tight seal or sufficient pressure between the module and the patient’s skin.

Implementations of the invention may include one or more of the following features.
The skin sensor may include a spring-biased electromechanical switch, an optical sensor, or a
capacitive or piezo-electric sensor that detects tissue proximity or pressure. The system may
further include an indicator light or a visual display activated by the skin sensor to indicate
whether there is a light-tight seal or sufficient pressure between the module and the patient’s
skin. The skin sensor may be configured to prevent operation or functioning of the system in
the absence of a light-tight seal or sufficient pressure between the module and the patient’s
skin.

In general, in another aspect, the invention features a system for monitoring and
communicating levels or concentrations of a substance in a patient’s skin based on an optical
property of the substance, including a computing device including a memory, a processor, and
a communication capability, a software application stored in the memory of the computing

device and configured to run on the processor of the computing device, and a module capable
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of operating separated and detached from the computing device, said module including a
wireless or wired data communication capability, where the data includes light intensity or
wavelength information, a light source configured to provide light capable of penetrating the
patient’s skin to a subcutaneous level, a light sensor configured to detect the light from the light
source reflected and scattered from the patient’s skin including from the subcutaneous level,
and a power source, where the software application is configured to determine the levels or
concentrations of the substance in the patient’s skin based on a measurement of light intensity
or wavelength from the light sensor of the remote module.

Implementations of the invention may include one or more of the following features.
The computing device may be a smartphone or a tablet. The computing device may also be a
laptop computer or a desktop computer. The wireless or wired data transmission capability may

include BLUETOOTH or other wireless communication.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram depicting the entire system architecture of an embodiment of the
present invention;

Figure 2 is a diagram depicting the system architecture of an embodiment of the module
of the present invention;

Figure 3A provides a cross sectional view of the module of the present invention;

Figure 3B provides a side view of the module of the present invention;

Figure 3C provides a cross sectional view of the module of the present invention;

Figure 4A provides an example of light emitters and sensors for inclusion in
embodiments of the present invention;

Figure 4B provides another example of light emitters and sensors for inclusion in

embodiments of the present invention; and



10

15

20

25

WO 2023/028353 PCT/US2022/041763

Figure 4C provides another example of light emitters and sensors for inclusion in

embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A detailed description will now be given of the invention, including with reference to
the attached Figures 1-4. It should be understood that these Figures are exemplary in nature
and in no way serve to limit the scope of the invention. Other relevant teachings are found in
U.S. Patent No. 9,934,589, the disclosure of which is incorporated herein by reference.

The present invention describes systems and methods for measuring the level of
bilirubin or other substances in a patient based on the subcutaneous skin coloration by using
known light sources to generate scattered and reflected light from the subcutaneous skin layer.
The systems and methods measure the light level intensities and wavelengths of several colors
of scattered and reflected light and, based on an algorithm, calculate the concentration of
bilirubin or other substances. The calculated bilirubin or other substance value is then displayed
to the user and/or manually or automatically forwarded by any system designed for the secure
transmission of health care information to relevant health care providers for clinical evaluation.
The systems and methods employ one or more optical sensors 70 for obtaining tissue or other
coloration-determined properties based on the emissions of known light sources 60 and the
sensing of scattered and reflected light intensities and wavelengths caused by tissue
interactions. The difference in the light intensities and wavelengths reflected from the
subcutaneous skin layers allows the effect of the surface skin layer to be removed through
analysis, and values for bilirubin or other substances in the subcutaneous layer may be
calculated. In addition to bilirubin, relevant substances include but are not limited to other
bodily fluids, body products, drugs and biologics marked for color markers, and drugs and

biologics containing color markers.
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At the highest level, such as shown in the illustration of Figure 1, the invention includes
a user 10, a patient 50 (who may or may not be the same person as user 10), hardware 40 (such
as a smartphone, tablet, or computer), a software application 30, and a module 20 as
exemplified in Figures 2 and 3A-3C.

To use the system, a user places the module 20 onto the patient’s skin, typically on the
forehead or over the sternum for newborn infant bilirubin applications, and activates the
module with either a button or switch 140 or a skin detector/sensor acting as a switch 80. This
causes the module 20 to emit light at specified wavelengths 60, which may be accomplished
by one or more LEDs capable of issuing one or multiple colors simultaneously or sequentially
in rapid succession. For embodiments relating to bilirubin, one color may be a blue wavelength
light and another color may be a green wavelength light emitted into the subcutaneous skin
layer. The emitted light 60 strikes the cutaneous tissues of the patient 50. A fraction of the
incident energy is reflected at the tissue boundary, and a fraction is transmitted inside the tissue.
A portion of the transmitted light from the subcutaneous skin layer is further absorbed, and
then scattered and reflected by the tissue. The light distribution in the tissue is affected by the
refractive index and absorption scattering characteristics of the tissue. The scattered and
reflected light is then transmitted through single or multiple optical pathways to the module,
and the light intensities of the specified wavelengths are detected by optical sensor 70, which
may be an RGB sensor or two photodiodes, which may detect and separate the emitted light
into separate colors, and which may measure different skin areas. In the preferred embodiment,
the module may operate the emission of two or more light sources at different wavelengths at
the same moment or sequentially in rapid succession, and also measure the intensity of the
scattered and reflected light in more than one subcutaneous skin area. Averaging the values of
the detected intensities of several scattered and reflected light emissions in different skin areas

may increase the accuracy of the result. Similarly, other algorithms may utilize measurement
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pathways through multiple tissue thicknesses to negate the effects and variations of specific
cutaneous properties of individuals from impacting the measurement of the target substance.
In all cases where the hardware is external to the module, the optical sensors in the module
may transmit the data related to the scattered and reflected light values by a wireless
communication component 130 or wired connection to hardware 40, and the software or mobile
application 30 either on the hardware 40 and/or firmware on the module 20 uses this data to
calculate the level of bilirubin or other substance in the patient and display the result either on
the module and/or the hardware. Where the hardware is contained within the module, the
process is the same with the hardware directly connecting to the functions of the module.

Figures 4A-4C provide several illustrations of arrangements of light emitters and
sensors that may be utilized in connection with the present invention.

The detailed description elaborates the methods by which the module 20 and the
accompanying software or mobile application 30 will interface between the hardware 40 and
the patient 50. The safety features and methods by which the module and the software or
application reduce the possibility of errors in the use of the module are also described.

Although certain preferred embodiments of the invention utilize a module connected to
the hardware by wireless or wired communication, another embodiment may combine the
module and the hardware into a single unit, eliminating the separate wire or wireless
communications between the two elements and retaining all of the additional elements
described herein.

As seen in the Figures, the system includes hardware 40, such as a smartphone,
computer, tablet, or other computing device, and module 20. The hardware 40 provides: (1) a
user interface; (2) software or an application to convert the wavelengths and light intensities
data measured by the sensor in the module 20 into a standard numerical reading of the

concentration of bilirubin or other substance; and (3) a communication function to manually or

10
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automatically send the results for evaluation by a health care provider 160. The hardware 40
may also sent the standard numerical reading of the concentration of bilirubin or other
substance to module 20 for display on a screen 100. In a preferred embodiment, the hardware
is a smartphone, although tablets, personal computers, and other electronics may function for
these purposes as well.

In some preferred embodiments, the hardware 40 may control the module 20, while in
other embodiments, the module 20 may be activated by the skin detector on the module, acting
as a switch, or directly by the patient 50 with a button or switch 140. The hardware 40 and/or
the module 20 may also contain memory, such as storage and cloud access 150, for storing
software and data, a processor to execute the software, and communication capabilities, such
as wireless (e.g., BLUETOOTH, WI-FI, and the like) or wired communication capabilities.

The software or application 30 connects various aspects of the invention and allows the
user to interact with the controls as well as visualize outputs of the analysis. The software in
some embodiments may receive the input from the module to ensure the module is
appropriately contacting the skin substrate by a skin detector/sensor 80. In the event the module
is not in proper contact with the skin, the skin detector may prevent system operation until a
proper contact can be obtained. In other embodiments, the skin detector might provide visual,
audible or tactile feedback to the user until the appropriate skin contact is achieved. Once the
software (or firmware in the module) obtains the relevant data, the input from one or more
optical sensors can be used to calculate concentrations of substances, such as bilirubin, within
the subcutaneous layer. The software or firmware may include an algorithm that separates and
analyzes the output from the module to negate the effects of ambient light. The module may
include an ambient light sensor to assist in this regard, namely by permitting the software or
firmware to account for light intensity of ambient light as measured by the ambient light sensor

in calculating a net light intensity of light scattered and reflected from the patient’s skin.

11
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Additionally, the software may store these concentration values in each or both of the module
and/or the hardware. Values may be stored in a memory in the module and/or may be used
without immediate connection to the hardware in remote locations, so that the module may
later be connected to the hardware for additional analysis and communication. The stored
values may provide a logged history available to the user, the patient, caregivers, healthcare
providers, electronic health records, and/or privacy-approved websites, such as a HIPAA-
compliant website, either directly or through wireless communications. The stored values will
assist in monitoring changes and/or trends and in providing clinical recommendations. This can
be done automatically in real time, at regular intervals, or only when requested or approved by
the user, such as by way of a pop-up window, audio signal, automated phone call, or otherwise.
The software 30 may further provide reminders to the user to activate the present invention on
a schedule. For example, the software 30 may alert a user if a reading was not taken according
to a schedule. In some embodiments, the software 30 will report device errors.

The module 20, as exemplified by Figures 3A-3C, may have its own microcontroller
110 and power supply 120. The module 20 may further include light sources, optical sensors,
and wireless or wired data transmission or communication capabilities, such as a wireless
communication processor 130 and/or a wire plug-in connection with the hardware 40. The
module 20 may include a skin detector/sensor 80, light gaskets 90, and a status indicator or
screen 100 to confirm that an appropriate connection to the skin exists, such that the device is
light-tight when in skin contact and does not excessively deform the skin, either of which may
result in incorrect readings. A second light gasket may prevent light leakage from the light
sources to the optical sensors. The module may also have an on/off power switch 170 to manage
power usage. The module may be activated by an activation button or switch 140, with such

switching function being in the skin detector/sensor 80. As previously noted, embodiments of

12
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the present invention also include the incorporation of both the hardware and the module into
a single unit.

In greater detail relating to Figure 2, the skin detector/sensor 80 and the light gaskets
90 are located by the skin contact area of the module 20. These devices provide the appropriate
pressure range and ability to obstruct ambient light sources, such that the module 20 is properly
sealed and ready for use. The skin detector/sensor 80 may be operated by a proximity, pressure,
optical, or other sensor, such as an electromechanical, capacitive/piezo-electric, or optical
switch. The electromechanical mechanism may include a spring-biased articulating mechanism
in conjunction with a microswitch within the housing, which allows axial or rotational
movement. When the user places the module 20 on the patient’s skin, a compliant annular seal
or seals, namely light gaskets 90, to perform two functions — keeping both ambient light and
emitted light 60 from reaching the optical sensor 70. The status indictor or screen 100 could
provide visual, audible, or tactile confirmation that the module is ready for operation. For
example, visual confirmation by the status indicator or screen 100 may include activation of
colored lights or other visual indicators, indicating by color or other means whether pressure
and light-tightness standards, as measured by the skin detector/sensor 80, are met. The colored
lights may be, for example, green (correct or ready for use), red (incorrect), or blue (test
complete). If there is an improper connection or contact between the skin and the module, status
indicator or screen 100 via skin detector/sensor 80 may prevent operation of the module until
an acceptable or sufficient range of pressure against the skin or light-tightness seal is
maintained.

The module 20 may also have voids, gaps, or additional light pathways or pipes to allow
additional sensors, such as an ambient light sensor, to have direct or indirect access to external
light sources that would also influence the tissue properties and permit incorporation into

software algorithms.

13



10

WO 2023/028353 PCT/US2022/041763

The invention can be used in a multitude of embodiments, including those described
herein. Although each embodiment is described through systems and methods most optimal
for that particular embodiment, the systems and methods disclosed can be combined or used in
parallel with other embodiments disclosed or envisioned.

The embodiments and examples above are illustrative, and many variations can be
introduced to them without departing from the spirit of the disclosure or from the scope of the
appended claims. For example, elements and/or features of different illustrative and exemplary
embodiments herein may be combined with each other and/or substituted with each other
within the scope of this disclosure. For a better understanding of the invention, its operating
advantages and the specific objects attained by its uses, reference should be had to the
accompanying drawings and descriptive matter in which there are illustrated exemplary

embodiments of the invention.
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WHAT IS CLAIMED IS:

1. A system for monitoring and communicating levels or concentrations of a substance in
a patient’s skin based on an optical property of the substance, comprising:

a computing device comprising a memory and a processor;

a software application stored in the memory of the computing device and configured to
run on the processor of the computing device; and

a module in communication with the computing device, said module comprising:

a data communication capability, wherein the data includes light intensity or
wavelength information;

a light source configured to provide light capable of penetrating the patient’s
skin to a subcutaneous level;

a light sensor configured to detect the light from the light source reflected and
scattered from the patient’s skin including from the subcutaneous level at a single point
in time or sequentially at multiple points in time; and

a power source;
wherein the software application is configured to determine the levels or concentrations

of the substance in the patient’s skin based on a measurement of light intensity or wavelength

from the light sensor.

2. The system of claim 1, wherein the light sensor measures light intensity sequentially at

multiple points in time in rapid succession.

15
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3. The system of claim 1, wherein the light source is configured to provide blue and green
wavelength light.
4, The system of claim 1, wherein the light source is configured to provide white light,

and wherein the module further comprises a photodiode or a light filter to separate the white

light reflected and scattered from the patient’s skin into blue and green wavelength light.

5. The system of claim 1, wherein the light sensor measures light intensity at a single

location on the patient’s skin or at multiple locations on the patient’s skin.

6. The system of claim 1, wherein the power source is a battery or a wired power source.
7. The system of claim 1, wherein the substance is bilirubin.
8. The system of claim 1, wherein the substance is a bodily fluid, a body product, a drug

marked for a color marker, a drug containing a color marker, a biologic marked for a color

marker, or a biologic containing a color marker.

9. The system of claim 1, wherein the system further comprises an ambient light sensor,
and wherein the software application is configured to account for light intensity of ambient
light measured from the ambient light sensor in calculating anet light intensity of light reflected

and scattered from the patient’s skin.

16
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10. The system of claim 1, wherein the software application is configured to measure a
light intensity of a wavelength of light present in one or more readings captured by the light

SEeNsor.

11. The system of claim 1, wherein the software application is configured to transmit or
display the levels or concentrations of the substance in the patient’s skin to a recipient, and
wherein the recipient is the patient, a user of the system, a caregiver, health care providers, or

a secure website.

12. The system of claim 1, wherein the software application is configured to store a result

of system use and provide a comparison of the result with clinical standards.

13. A system for monitoring and communicating levels or concentrations of a substance in
a patient’s skin based on an optical property of the substance, comprising:
a computing device comprising a memory and a processor;
a software application stored in the memory of the computing device and configured to
run on the processor of the computing device; and
a module in communication with the computing device, said module comprising:
a data communication capability, wherein the data includes light intensity or
wavelength information;
a light source configured to provide light capable of penetrating the patient’s
skin to a subcutaneous level;
a light sensor configured to detect the light from the light source reflected and
scattered from the patient’s skin including from the subcutaneous level at a single point

in time or sequentially at multiple points in time;
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a skin sensor located on the module at a region configured to contact the
patient’s skin; and
a power source;
wherein the software application is configured to determine the levels or concentrations
of the substance in the patient’s skin based on a measurement of light intensity or wavelength
from the light sensor; and
wherein the skin sensor is configured to determine whether there is a light-tight seal or

sufficient pressure between the module and the patient’s skin.

14. The system of claim 13, wherein the skin sensor includes a spring-biased
electromechanical switch, an optical sensor, or a capacitive or piezo-electric sensor that detects

tissue proximity or pressure.

15. The system of claim 13, further comprising an indicator light or a visual display
activated by the skin sensor to indicate whether there is a light-tight seal or sufficient pressure

between the module and the patient’s skin.

16. The system of claim 13, wherein the skin sensor is configured to prevent operation or
functioning of the system in the absence of a light-tight seal or sufficient pressure between the

module and the patient’s skin.

17. A system for monitoring and communicating levels or concentrations of a substance in
a patient’s skin based on an optical property of the substance, comprising:
a computing device comprising a memory, a processor, and a communication

capability;

18
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a software application stored in the memory of the computing device and configured to
run on the processor of the computing device; and
a module capable of operating separated and detached from the computing device, said
module comprising:
5 a wireless or wired data communication capability, wherein the data includes
light intensity or wavelength information;
a light source configured to provide light capable of penetrating the patient’s
skin to a subcutaneous level;
a light sensor configured to detect the light from the light source reflected and
10 scattered from the patient’s skin including from the subcutaneous level; and
a power source;
wherein the software application is configured to determine the levels or concentrations
of the substance in the patient’s skin based on a measurement of light intensity or wavelength

from the light sensor of the remote module.

15
18. The system of claim 17, wherein the computing device is a smartphone or a tablet.
19. The system of claim 17, wherein the computing device is alaptop computer or a desktop
computer.
20
20. The system of claim 17, wherein the wireless or wired data transmission capability

includes BLUETOOTH or other wireless communication.

19



WO 2023/028353 PCT/US2022/041763

FIGURE 1

PFatest 58

Mamhare { Sant U leath Rare |
SReMER X Davice 146 R | Heathwe
N \ e D Tkt R e
N i\t’;ﬁ;ﬁiify R SR i ; i
y [ RU IR 3 Care Shr 3
Eofadesly N {150 Uit :j‘\;s’\QS
\\, ¢ \\ ‘\\.\.\.\\.\.\.\.\.\.\.\.\\.\.\.\.\.\.\.\.\.\.\.\.\.\\.\ N NN § NI R
. R s:m\ 2 N ooase

A XUUINCUIINVEIRRPRRRRRNNRReRee)

.5\%3333‘\)&!::@\

A2 rir s,

Y

ad

FIGURE 2

Wireless i Oponal
Communications Chip i Power Switth Ly
{220) Pl
[ A J :
s ' H
Acﬁva!ion} : i | Power Sugply
Buicn e Microconuolfer (119) | Q)
e | 2
i
¥ i Remote
Py b Ancifary Module
Visual i =0y
indigator H {Bousirg) N .
{100}
e
! ¥ Skin Ovtactor
) S A
Dpiical Light
Sensor(s) Source{sy |
(0) RN

Light Gasket (90)

Patient (50} Skin Substrate

1/5
SUBSTITUTE SHEET (RULE 26)



WO 2023/028353 PCT/US2022/041763

FIGURE 3A

120~

IS TIIETS

o S

W
T7LEAN

2/5
SUBSTITUTE SHEET (RULE 26)



WO 2023/028353 PCT/US2022/041763

FIGURE 3B

51,170

ma%s - w\

o
¢
Scan Complete
17.3 mg/d

3/5
SUBSTITUTE SHEET (RULE 26)



WO 2023/028353 PCT/US2022/041763

FIGURE 3C

S I T M
A

&

130+

T

B

77

30—

e e e il

4/5
SUBSTITUTE SHEET (RULE 26)



WO 2023/028353

FIGURE 4A

.
- ~
R .
AN - N
# ~ R
; N .
; g \ . .
S0 e N,
PN . "\ N
Loy AN y 5,
! ; A RO 3 \
L \ .
: ) \
: \ :
L \
: | \
! . !
¢ \
¢ > ¥
AT 4 ~,
- \ y
i ’ \ oo ) .
: § oo :
: P
i h Lo
3 N
|
t
!
A}

FIGURE 4C

5/5

SUBSTITUTE SHEET (RULE 26)

PCT/US2022/041763
FIGURE 4B

N
A
4 \
N
N & b
2 . .
\:‘ ~. \
‘ A I}
| i \
¢ i
r




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US22/41763

A.
iPC

CPC -

CLASSIFICATION OF SUBJECT MATTER
- INV. GO1N 33/72; A61B 5/1455; GO6T 7/90 (2022.01)
ADD.

ADD.

INV. GO1N 33/728; AB1B 5/0077; A61B 5/14546; A61B 5/1455; A61B 5/443; GO6T 7/90

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

See Search History document

Electronic database consuited during the international search (name of database and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2016/0012610 A1 (CLEMENTE, M. ET AL.) 14 January 2016; figures 1-5c; paragraphs 1-20
[0007, 0027, 0029-0033, 0035] claims 12 and 13.
A US 2003/0011773 A1 (JEAN-MICHEL DICK) 16 January 2003; entire document. 1-20
A US 2021/0089814 A1 (NOVARUM DX LTD) 25 March 2021; entire document 1-20

D Further documents are listed in the continuation of Box C.

D See patent family annex.

*

“A”

«p~
“g»

L

«Q*
«pr

Special categories of cited documents:

dacument defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international
filing date

document which maK throw doubts on priority claim(s) or which
is cited to establish t thubhcanon date of another citation or other
special reason (as specified)

documentreferring to an oral disclosure, use, exhibition or other means
document published prior to the international filing date but later than
the priority date claimed

“T™

wyn

g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

" document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance: the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

04 November 2022 (04.11.2022)

Date of mailing of the international search report

Al ¥

NOV 23 7022

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer

Shane Thomas

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2022)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report

