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WEARABLE DEVICES FOR DETECTING PHYSIOLOGICAL PARAMETERS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of United States Provisional Application Number
62/802,384, filed February 7, 2019, which is hereby incorporated herein by reference in its

entirety.
FIELD OF THE INVENTION

[0001] This application generally relates to wearable devices to detecting physiological

parameters of a patient and methods of use thereof.
BACKGROUND (OF THE INVENTION

10002] Fetal acidosis is a high level of acid in the blood of a fetus resulting from a limited
oxygen supply available to the fetus over an extended period of time. Known tests for fetal
acidosis, such as Doppler Ultrasonography, fetal heart rate monitoring, physical examination,
and fetal blood tests are invasive or have unacceptable margins of error. For example,
cordocentesis, an ultrascund-guided procedure to collect fetal blood from the umbilical cord,
may not be used for routine or repeated monitoring due to its procedure-related risk.
Additionally, fetal scalp sampling, an operation where the fetus’s head is pierced to obtain the
level of pH in the tissue, is another invasive, unreliable procedure used to attempt to diagnose

fetal acidosis.

[0003] A need exists for a procedure that is less invasive to the fetus but which allows
medical professionals to reliably determine whether a fetus is experiencing fetal acidosis while a
patient is in labor. Similarly, need exists for the ability to quickly and easily mornitor fetal

asphyxia.

10004} Further, when interacting with a patient, in some cases a medical professional’s
hands may not be free to obtain or manipulate multiple devices at the same time. For example,
the medical professional’s hands may be in a compromised position and unable to reach for or
hold a probe. Even inuinstances when the medical professional can interact with a probe, it may
not be easy or converient for the professional to determine where the probe may be contacting.

For example, when evaluating a pregnant person and/ or a fetus, the professional may be using
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his or her hands to inspect the patient. Oftentimes, the medical professional can determine
where and what type of tissue that is being engaged. It would be helpful if the medical
professional could quickly determine physiological parameters for the patient without the

medical professional having to remove his or her hands.

[0005] Similarly, edema build up can distort many sensors readings when evaluating a
pregnant person and/ or fetus. It would be helpful if a medical professional could use his or her

fingers to feel locations of nor-edema build up to provide more accurate readings.

[6006] In other forms, pulse oximetry may be used to evaluate patients. However, such
readings can be especially difficult to obtain for a fetus. For example, it can be very difficult to
determine if the sensor is contacting the pregnant person, the fetus, or intermediate tissue.
Further, transmissive oximetry can be more accurate than reflective oximetry, but it is especially
difficult to determine a proper location for transmissive oximetry for a fetus. It would be helpful
if a device or system were available to help guide a user to an appropriate location and also
determine if transmissive oximetry would be appropriate by having the sensor components

near enough to one another.
SUMMARY OF THE INVENTION

j0007] Wearable devices allow sensors to the be positioned outward on the finger tips and
finger sides of the person wearing the assembly. In one form, the sensors are pointed outward
and when in proximity of a patient, such as a fetus, can provide health status data. In one form,
these sensors provide health status data of the fetus that can be interpreted by a processor
cormected wireless and/or in a wired marmner. In one form, to prevent false readings, the
wearable device takes pulse readings from the wearer to prevent accidentally reading the
wearet’s vitals. The pulse readings from the wearer and pregnant person are compared to the
sensors located on the fingers determining if the finger sensors have incorrect data. The input

and output data can store locally, remotely, and/or transmitted via radio waves.

[6008] From the pH sensor’s contact with the fetus and a subsequent pH reading which
may correlate to the pH of the fetus’s blood, the user may reliably determine whether a fetus is

experiencing fetal acidosis and take appropriate countermeasures. Other physiological

P



WO 2020/163772 PCT/US2020/017308

parameters which may also help support a diagnosis fetal acidosis in-utero are pulse rate of the

fetus and/ or an oxygen saturation level of the fetus’s blood.

[6009] The apparatus may also include a pressure sensor. In some embodiments, the
pressure sensor may be a pressure switch. The apparatus may also include an optical sensor. In
one form, the optical sensor may be a pulse oximeter, which may allow for a user to obtain the
pulse rate reading of a surface that is contacted with the pH sensor. This pulse rate reading of
the surface contacted may be compared to an external reading of a pulse rate of the patient to
confirm whether the pH sensor is contacting the fetus or the patient. If the pulse rates are
similar, the pH sensor is contacting the patient. If the pulse rates are dissimilar, then the pH

setisor is contacting the fetus.

[0010] In one form, a wearable device for detecting physiological parameters of a patient is
provided. The device inchudes a flexible body for covering at least a portion a wearer’s hand,
the flexible body having an interior side and an exterior side. The device may also include a
first sensor positioned on the body for measuring the pH of the patient on an exterior side of the
flexible body. The device may further include a second sensor positioned on the body for

measuring the bicarbonate level of the patient on an exterior side of the flexible body.

0011] In accordance with one form, a wearable device may be provided including a
flexible body, a first sensor component, a second sensor component, and a proximity sensor.
The flexible body for covers at least a portion a wearer’s hand and has an interior side and an
exterior side. The second sensor component is located remotely from the first sensor
component. The proximity sensor is adjacent at least one of the first and second sensor
components. At least one of the first and second sensor components is configured for use as a
reflective oximeiry sensor and a transmissive oximetry sensor for the patient on the exterior
side of the flexible body. The at least one of the first and second sensor components is
contfigured to permit transmissive sensing when the proximity sensor detects the first and
second sensor components are within a specified distance from one another and permit
reflective sensing when the proximity sensor detects the first and second sensor components are

beyond a specified distance from one another.

[0012] In one form, a system for detecting physiological parameters of a patient is

provided. The system includes a first body, a second body, a first sensor, a second sensor, and a

-
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display. The first body covers at least a portion of one of a wearer’s fingers with the first body
having an exterior side and an interior side. The second body covers at least a portion of
another of the wearer’s fingers with the second body having an interior side and an exterior
side. The first sensor is positioned on the first body. The first sensor is configured to detect at
least one of pH, pulse, oxygen saturation, bicarbonate levels, and cranial pressure of the patient
on an exterior side of the first body. The second sensor is positioned on the second body. The
second sensor is configured to detect at least one of pH, pulse, oxygen saturation, bicarbonate
levels, and cramial pressure of the patient on an exterior side of the first body. The display is
positioned remotely from the first and second bodies. The display provides information

indicative of sensed values from the first and second sensors.

j0013] In accordance with one form, a wearable device is provided for detecting
physiological parameters of a patient. The device includes a flexible body, a first sensor, and a
second sensor. The flexible body covers at least a portion a wearer’s hand and has an interior
side and an exterior side. The first sensor is positioned on the body for measuring the pH of the
patient on an exterior side of the flexible body. The second sensor is positioned on the body.
The second sensor determines at least one of the pulse and oxygen saturation of the patient on

the exterior side of the flexible body.

{6014} In accordance with one form, the body is in the form of a glove with a palm portion
that is unitary with finger portions. The first and second sensors are positioned on at least one

finger portion.

[0015] According to one form, the first sensor includes a central pH sensor portion and an

outer support portion, the outer support portion having a generally curved or sloped shape.
[0016] It one form, the device further includes a processor and a display.

10017] In accordance with one form, the device further includes a conductive ink extending
along at least a portion of a conmection path between at least one of the first and second sensors

and at least one of the processor and display.
[0018] According to one form, the device further includes a pulse oximeter sensor.

[6019] It one form, the device further includes a proximity sensor.
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10020] In accordance with one formy, the device further includes a pressure switch.
[0021] According to one form, the device further inchudes a photo sensor.
[6022] In one form, the device further includes a plurality of at least one of the first and

second sensors located on different portions of the flexible body.

16023] In accordance with one form, the device further includes a reference sensor for

measuring a physiclogical parameter of the wearer on the interior side of the flexible body.
[0024] According to one form, thee device further includes a wireless transmitter.

[0025] In one form, the first and second sensors are formed as a single sensor array at a

single location on the flexible body.

BRIEF DESCRIPTION OF THE DRAWINGS

{3026} FIG. 1 is a perspective view of one form of a wearable device in the form of a glove;
[6027] FiG. 2A is a top view of one form of a wearable device in the form of a glove;
10023] FIG.2B is a bottom view of the wearable device of FIG. 24;

[0029] FiG. 3 is a top view of one form of a sensor array;

J0030] FIG. 4 is a bottom view of a wearable device showing various locations of sensor
posttions;

[6031] FIG. 5 is a bottom view of multiple wearable devices as part of a system;

{3032} FIG. 6A is a side view of one form of a pH sensor;

16033] FIG. 6B is a side view of ancther form of a pH sensot;

10034] FIG. 7 is a process flow diagram of one form of determining physiological
parameters;

[0035] FIG. 8 is a perspective view of another form of a system for detecting physiclogical
parameters;

[0036] FIG. 9A is a perspective view showing one use of a wearable device;
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{0037} FIG.9B is a perspective view showing another use of a wearable device;

[06038] FIG. 9C is a perspective view showing another use of a wearable device;
[0039] FiG. 10 is a diagrammatic view showing another use of a wearable device; and
160407 FIG. 11 is a diagrammatic view showing wireless communication between a

wearable device and a remote display.
DETAILED DESCRIPTION

[0041] For the purpose of facilitating an understanding of the subject matter sought to be
protected, there are illustrated in the accompanying drawings embodiments thereof, from an
inspection of which, when considered in connection with the following description, the subject
matter sought to be protected, its construction and operation, and many of its advantages

should be readily understood and appreciated.

j6042] As described below, a variety of wearable devices and associated systems are
described. It should be appreciated that such devices include gloves, finger covering thimble-
like portions, and the like. While various embodiments may be shown as being in the form of
such devices, it should be understood that the sensors, connections, circuitry, etc. can be
implemented in any of the forms described herein. For example, while a configuration of
certain sensors may be shown on a glove form, it should be understood that those sensors and
conmnections may also be implemented in a thimble-like device covering just the fingers of the

Wearcer.

[0043] Additionally, it should be appreciated that a variety of sensors are also described
herein. While certain sensors may be described as being positioned on any one of the devices
and locations on the devices, it should be appreciated that the sensors may be moved to other
locations on the devices. Similarly, while a specific type of device may be illustrated as being
posttioned on a certain portion of the device, it should be understood that other types of sensors

may be also included or included in the alternative.

10044] Many of the embodiments described herein may reference the birthing process,

pregnant persons, a fetus, and the like. However, it should be appreciated that the devices and
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systems described herein may be used for other medical purposes, such as on a non-pregnant

person, on ardmals, and the like.

[0045] Cervical checks are generally part of the birthing care process. With a fingertip
sensor made specifically for detecting physiological parameters of one or more of the pregnant
person and the fetus, one can obtain vital data while performing a cervical check without
additional vaginal probing. Further, as noted above, edema build up can distort many sensors
readings. Using fingers to feel locations of non-edema build up can provide care takers more
accurate readings. In general, fingertip sensors allow for more accurate sensor placement &

more accurate reading.

[6046] As shown in FIG. 1, a wearable device 20 is shown in the form of a glove. The
wearable device includes a body 22 that can be made from a variety of materials. For example,
such materials can include flexible materials such as latex, nitrile rubber, polyvinyl chloride,

neoprene, low density polyethylene, and the like.

10047} In one form, the body 22 includes a palm portion 24 and finger covering portions 26.
In one form, the body 22 is generally integral such that the palm portions 24 and finger covering
portions form a single unit, such as a standard medical glove. The body may also have a
flexible membrane over at least some of the structures, wiring, and the like described in more

detail below.

[0043] As shown in FIC. 1, the device 20 includes a plurality of sensors 28 located at
various locations on the body 22. Not all of the sensors 28 are specifically identified in FIG. 1
and some are referred to as more specific forms of sensors, as described below. However, it
should be appreciated that the descriptions provided herein may be applicable to all sensors
shown and described herein. The sensors 28 are suitable for detecting various physiological
parameters and/ or information usable to provide guidance regarding a physiological
parameter. As will be described in more detail below, such sensors 28 inchade, but are not
limited to pH sensors, pulse oximeters, bicarbonate sensors, pressure sensors, reference sensors,

proximity sensors, and the like.

16049] The sensors 28 can be configured such that the are exposed on an exterior surface 28

of the body 22. In other forms, the sensors are positioned on an interior side of the body 22, but
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still are configured to obtain physiclogical parameters of a patient on an exterior side 30 of the
body 22. As will be described below, the device 20 may also include a reference sensor

positioned on an interior side to measure at least one physiological parameter of the wearer.

10050] The sensors 28 can be positioned at various locations on the body 22. For example,
as shown in FIG. 1, the sensors can be positioned on a finger tip portion 32, an inside portion 34
of the finger, as well as other locations. Furthermore, multiple sensors can be positioned at
various locations. In one form, multiple forms of the same type of sensor 28 can be positioned
at different locations. For example, a pH sensor can be positioned on a finger tip portion as well
as an inside of the finger portion. The location of the sensors 28 allows more accurate readings
based on the articulation of the fingers while in limited movement environments. Further,
multiple sensor locations provide multiple feedback opportunities. This becomes helpful in
environments where the optimal sensor location cannot be achieved with one static sensor

location.

[6051] Referring now to FIGS. 2A and 2B, another form of a wearable device 40 is shown.
Device 40 can include similar features as described above. The views shown in FIGS. 24 and 2B
further illustrate that the device can inchude a processor 42 that is coupled to sensors 28. The
processor 42 can be coupled to the sensors via wired cormections 44. The wired connections 44
can take a variety of forms, such as standard wires, conductive ink, printed connections, and the
like. In some forms, the device can be formed whereby one layer is a dielectric stretchable
membrane with a printable conducting ink (silver, carbon, etc.) thereon with an additional
encapsulation layer covering the printed ink or wiring layer. In some forms, the sensors 28 may

be wirelessly coupled to the processor 42, such as using radic waves and the like.

[6052] The processor 42 can be used to interpret the information provided by the sensors
28, such as determining and outputting the pH, oxygen saturation, bicarbonate levels, pulse,
and the like. In some forms, the processor 42 can include a display and/or may cormect to a
display located elsewhere. The processor may also form part of microcircuitry having a
wireless transmitter for communicating with external devices, such as monitors, medical

recording equipment, and the like.

[0053] In some embodiments, the processor may be operatively coupled to a memory,

which may be configured to store the information received from the sensors for a patient for a

-8 -
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certain period of time. In some embodiments, the device may include circuitry for
communication with specific applications or devices such as an external or existing monitoring
device’s screen which receives information from the processor to alert a user to changes in the
pH and temperature of the fetus’s blood, heart rate variability of the fetus, or other
physioclogical parameters. The change in pH of the fetus’s blood may be indicative of
complications in oxygen delivery and may lead to further problems, such as fetal acidosis. The
user may receive information regarding the physiological changes from a mobile electronic

device that operates an application and receives information from the processor.

[0054] A plurality of sensors and/ or sensor components can be assembled together asa
sensor array 60, as shown in FIG. 3. In this form, a variety of different sensors can be assembled
together into a single unit. For example, as shown in FIG. 3, a pressure sensor 62, a pH sensor
64, a pulse oximeter having IR and/or LEDs 66 and photodiodes 68, and a proximity sensor 70
can be included in a single assembly. It should be appreciated that other combinations of
sensors can be included in a single assembly and can also include other sensors such as a
bicarbonate sensor. Similar o the features described above, the array can be wired or wirelessly
conmnected to a processor and/or display. As shown in FIG. 3, a flexible wired connection 72 can
be used. In some forms, the processor and/ or communications circuitry may be built into the

array. The atray 60 can also include a flexible housing 74.

[0055] Further embodimenis are shown in FIGS. 4 and 5. The embodiment shown in FIG. 4
more specifically identifies various positions of sensors on one form of a device. Asnoted
above, the location, number, and types of sensors can be modified as desired. Device 80
includes pH sensors 64, IR or LEDs 66 and photodiodes 68 for a pulse oximeter, proximity
serisors 7{}, pressure sensors 62, and bicarbonate sensor 84. As shown in FIG. 4, a variety of
different sensors can be placed at various locations on the device 80, with multiple examples of
each type of sensor so that different parts of the wearer’s hand may contact the desired portion

of the patient when in use.

0056} It should also be appreciated that a reference sensor 82 may be included in any of
the devices described herein, such as shown in FIG. 4. The reference sensor 82 may be
configured to measure a physiological parameter of the wearer. The parameter may be pulse

rate or any other parameter. This information from the reference sensor 82 can then be
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compared against information from other sensors detecting on an exterior of the device. The
reference can then be used to help determine if the measurements are being taken from the
wearer, the patient, or a different source. In the case of a pregnant person and fetus, the
reference can be used to compare the wearer, the pregnant person (via another reference

sensor), and the fetus.

[6057] Anather form of device is shown in FIG. 5, such as in the form of thimble-like cover
devices 90. The devices 90 can function independently and/ or cooperate with and
communicate with one another or otherwise form part of a system. The devices 90 can include
any of the sensors and combinations thereof, as discussed above. The devices 90 can each
include processors, communication devices, and the like or may be coupled to one another or to
a processor and/or display. In one form, the devices 90 wirelessly communicate with one
another and/ or a central processor. Though not shown, the thimble-like devices may also
include a tether or other supports to secure the devices to the wearer. For example, a flexible
membrane can be connected to one or more of the devices and then extend to the wearer’s wrist

or otherwise cormect to a display wormn by the wearer.

[0058] Various aspects of different sensors will now be discussed in more detail. As noted
above, a variety of different types of sensors can be used with the wearable devices described
herein. One such sensor is a pH sensor. In some forms, the pH sensor includes a temperature
sensor either built in or separate. The temperature sensor can be used to help maintain an

o, but not

o7

accurate reading for the pH sensor. Various types of pH sensors can be used includin
limited to ISFET pH (ion-sensitive field-effect transistor) sensors and the like. Prior sensors
were ty pically built with glass or other materials that were not generally appropriate for the
small size necessary for use with a wearable device. Further, pH sensors made with glass
would be prone to sensor drift, thereby decreasing accuracy. The fabrication of ISFET sensors
using new methods including, but not Hmited to, light curable materials allows the small size

and accuracy.

[3059] The assembly of the ISFET pH sensors may impact the performance in the devices
described herein. In one form, the sensor mount must have a subtle approach leading to the
sensor allowing skin contact. The sensors must have surrounds that protect the sensor from

various environmental factors and premature contact with other surfaces. Most small ISFET

-10 -
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sensors are not built in a way that allows skin contact. As shown in FIG. 6A, pH sensor 100
includes side walls 102 that are near the sensor 100 and have a sharp approach. The sharp
approach of the sidewalls 102 generally prevents skin 104 from contacting the sensor 100. This

can lead to inaccurate readings and permit intervening fluid to give false readings.

0060 I another form, such as shown in FIG. 6B, a gradual taper to the sensor mount may
g P )
provide for a better contact with skin. Sensor 110 includes a surrounding area, such as

sidewalls 112 that taper gradually, thereby permitting skin 114 to contact the sensor 110,

[6061] Additionally, certain pH sensors, such as ISFET sensors are susceptible to light
interfering with detection and accuracy. In this regard, other sensors, such as pulse oximetry
serisors that emit various forms of light, can interfere with the pH sensors. Therefore, in some
forms, the devices can be configured that the pH sensor and pulse oximetry emitter/sensor
cycle such that they are not detecting at the same points in time. This can also be enhanced by
using proximity sensors to detect when the pulse oximetry emitter and sensor are near one
another for operation. (? Anything else unique or interesting about the pH sensor,

configuration of the pH sensor, use in the environment, etc.?)

[0062] As noted above, the pulse oximetry sensor can be a single sensor and/or comprise
separate components. In some forms, the pulse oximetry sensor can include an emitter, such as
LEDs or IR emitters, and detectors, such as photo diodes. These components can be assembled
into a single sensor unit, such as shown in FIG. 3, and/ or can be used as separate components

located at different portions of the device, such as showrn in FIGS. 4 and 5.

[0063] There are two main types of pulse oximetry sensors, reflective and transmissive.
Reflective sensors emit and receive from generally the same surface relative to the patient.
Transmissive, on the other hand, will emit on one side of the patient’s tissue and receive on the
other. The devices herein can include both types of pulse oximetry sensors. The emitter may
include Light Emitting Diodes (LEDs) that emit tight of different peak emission wavelengths,
including, but not imited to, infrared light. The light may pass through the fetus’s skin may be
reflected off the fetus’s subcutaneous bone and tissue before being received by the
photodetector. The change in absorbance of the light emitted at each wavelength may be
correlated to the level of oxygen saturation in the fetus’s blood. The rate of change of the

absorbance may be correlated to the observed pulse rate, which may be used to confirm contact

11 -
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with the fetus. For example, if the observed pulse rate is high as compared to the external pulse
rate of the pregnant person, then contact with the fetus may be confirmed. For example, during
labor, a pregnant person may have a pulse rate of 118 beats per mimate, and the observed pulse

rate may be 145 beats per minuate, which may confirm contact with the fetus.

[0064] Further, the device can determine if the sensors are near one another and/or in
contact with the patient, to then switch to transmissive sensing. Further, as noted above, in
some forms, the pulse oximetry needs to cycle relative to pH sensing so that the light emitted
from the pulse oximeter does not interfere with the pH sensing. Other sensors using refraction
detection of one or more spectrums of light may also need to be cycled so the light does not

interfere with other sensors, such as the pH sensor.

[0065] The sensors may alse include a bicarbonate sensor. The bicarbonate sensor may
take a variety of forms, such as a bicarbonate ISFET sensor. The sensor can be augmented by

modifying the filer for ion exchange. Further,

0066} pH of the blood is a well-known metric for determining acidosis or lack of oxygen.
The metabolic process of an oxygen deprived body will create acid. The increased acid causes
the blood pH to change. To prevent cellular damage the body maintains bicarbonate as a buffer
to mitigate cellular damage and or death. To identify bicarbonate levels with the combination of
pH allows a practitioner to identify the condition of the blood status and if it has the ability to

recover.

0067} As noted above, the sensors may also include one or more proximity sensors. The
proximity sensors can be used to determine if one or more of the other sensors are near one
another. For example, for the pulse oximetry sensors, if the emitter and detector are close to one
another such that transmissive sensing can be used. The proximity sensor can also be used in

combination with other sensors, such as by determining if a pH sensor is near a light emitter.

[0068] Pressure switches/ sensors can also be used in the devices and systems described
herein. Pressure switches and sensors can be used to determine when the device is actually in
contact with tissue and thereby activate the other sensors on the device. This can help prevent

remature readinges from being recorded. In one form, the pressure sensors can be used to
g g

-12 -
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activate one or more sensors. This can automate sensor activation, can save battery life, and can

help avoid the wearer from having to activate the sensors.

j0069] Another sensor that can be used is a photo sensor. In one form, the photo sensor
can be used to determine skin pigmentation that is exterior to the device, which can be used to
help calibrate the oximetry sensors. The photo sensors can also be used to transmit images. In
other embodiments, a laparoscopic light and/ or camera may provide the user a visual
indication to the user when the device has contacted a surface of the fetus. In one form, the
photo sensors can be built into the oximetry sensors to create spectrums to light including both

visible and infrared.

[0070] As noted above, the device may also include a reference sensor. The reference
sensor can detect a physiological parameter of the wearer on an inderior side of the device to
compare with sensors detecting on n exterior side of the device. This can be used to determine
if sensed information is from the desired source instead of the wearer. The reference sensor can
be placed anywhere in the internal structure and in contact with the skin of the wearer.
Similarly, an external reference sensor can be coupled to the device or system. The external
referenice sensor can be sensing information from the pregnant person to compare against data

from the device.

{0071} One exemplary method of sensing physiological parameters is shown in FIG. 7. As
shown in this figure, the device and/or system can be activated by a pressure swiich to then
start taking pH readings. The device can also perform a skin pigment analysis, such as froma
photo sensor, to calibrate the pH readings. Further the method can determine if reflective or

transmissive oximetry readings should be taken.

[0072] As described in FIG. 7, the resulting data can be displayed, stored, etc. locally or
remote from the device or system. FIG. 11 presents a diagrammatic representation of a device
116 comumunicating wirelessly with a one or more of a processor, storage location, and display.

In one form, display 118 can present information from the device 116.

[6073] Another form of a wearable device is shown in FIG. &, As show in this form,
multiple devices 120,122 cooperate with one another. Sensors on the finger portions of each of

the devices 120,122 can be used in instances where it is appropriate to use two hands. For
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instance, an emitter for a pulse oximeter on one device 120 can be used in combination with a
detector on the other device 122 when proximity sensors indicate the devices 120,122 are within
a specific distance of one another. The information from either or both of the devices 120,12 can
be output on a display 124 that can be positioned on the forearm of the wearer. This can permit
quick viewing of the information from the devices. It should be understood that similar

displays may be used with any of the devices described herein.

[0074] FIGS. 9A-9C illustrate various uses of device 130 having the features described
herein. As shown in FIG. 9A, a single finger portion 132 having sensors thereon (not shown)
can be used to detect and measure physiological parameters on a portion of a patient. FIG. 9B
illustrates how two finger portions 132 can be used to pinch and detect physiological
parameters between the two finger portions. For instance, an emitter on one finger portion can
emit a signal that is detected on the other finger portion. Similarly, FIG. 9C illustrates how
senisors on inside portions of the finger portions can be used in a similar marner as shown in

FIG. 98,

[6075] FiG. 10 illustrates yet another example whereby device 130 can be used to detect
physiological parameters of a fetus, in-utero. By placing different types of sensors and multiple
versions of the same sensors at various locations on the device, different configurations can be
used on a patient. This can be especially helpfal for detecting physiological parameters of a
fetus where it may be difficult to contact a specific portion of the device with a specific portion

of the fetus.

16076} The matter set forth in the foregoing description and accompanying drawings is
offered by way of illustration only and not as a limitation. While particular embodiments have
been shown and described, it will be apparent to those skilled in the art that changes and
maodifications may be made without departing from the broader aspects of Applicant’s
contribution. The actual scope of the protection sought is intended to be defined in the

following claims when viewed in their proper perspective based on the prior art.
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CLAnMS

What is claimed is:

1. A wearable device for detecting physiological parameters of a patient
comprising:

a flexible body for covering at least a portion a wearet’s hand, the flexible body having
an interior side and an exterior side;

a first sensor positioned on the body for measuring the pH of the patient on an exterior
side of the flexible body; and

a second sensor positioned on the body for measuring the bicarbonate level of the

patient on an exterior side of the flexible body.

2. The wearable device of claim 1 wherein the body is in the form of a glove with a
palm portion that is unitary with finger portions, the first and second sensors being positioned

on at least one finger portion.

3. The wearable device of claim 1 or claim 2 wherein the first sensor inchudes a
central pH sensor portion and an outer support portion, the outer support portion having a

generally curved or sloped shape.

4. The wearable device of any one of claims 1-3 further comprising a processor and
a display.

5. The wearable device of claim 4 further comprising a conductive ink extending
along at least a portion of a connection path between at least one of the first and second sensors

and at least one of the processor and display.

6. The wearable device of any one of claims 1-5 further comprising a pulse oximeter

Sensor.
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7. The wearable device of any one of claims 1-6 further comprising a proximity
SeTisor.

8. The wearable device of any one of claims 1-7 further comprising a pressure
switch.

9. The wearable device of any one of claims 1-8 further comprising a photo sensor.

10. The wearable device of any one of claims 1-9 further comprising a plurality of at

least one of the first and second sensors located on different portions of the flexible body.

11. The wearable device of any one of claims 1-10 further comprising a reference
sensor for measuring a physiological parameter of the wearer on the interior side of the flexible

body.

12. The wearable device of any one of claims 1-11 further comprising a wireless
transmitier.
13. The wearable device of any one of claims 1-12 wherein the first and second

sensors are formed as a single sensor array at a single location on the flexible body.
< } (el S

14. A wearable device for detecting physiological parameters of a patient
comprising:

a flexible body for covering at least a portion a wearer’s hand, the flexible body having
an interior side and an exterior side;

a first sensor component;

a second sensor component located remotely from the first sensor component; and

a proximity sensor adjacert at least one of the first and second sensor components,

at least one of the first and second sensor components configured for use as a reflective
oximetry sensor and a transmissive oximetry sensor for the patient on the exterior side of the

flexible body, the at least one of the first and second senisor components configured to pernut
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transmissive sensing when the proximity sensor detects the first and second sensor components
are within a specified distance from one another and permit reflective sensing when the
proximity sensor detects the first and second sensor components are beyond a specified

distance from one another.

15. The wearable device of claim 14 wherein the body is in the form of a glove with a
palm portion that is unitary with finger portions, the first and second sensors being positioned

on at least one finger portion.

16. The wearable device of claim 14 or claim 15 further comprising a pH sensor
which includes a central pH sensor portion and an outer support portion, the oufer support

portion having a generally curved or sioped shape.

17. The wearable device of any one of claims 14-16 further comprising a processor

and a display.

18. The wearable device of claim 17 further comprising a conductive ink extending
along at least a portion of a connection path between at least one of the first and second sensors

and at least one of the processor and display.

19. The wearable device of any one of claims 14-18 further comprising a pressure
swiich.

20. The wearable device of any one of claims 14-19 further comprising a photo
Sensor.

21. The wearable device of any one of claims 14-20 further comprising a plurality of

at least one of the first and second sensor components located on different portions of the

flexible body.
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22. The wearable device of any one of claims 14-21 further comprising a reference

sensor for measuring a physiological parameter of the wearer on the interior side of the flexible

body.

23. The wearable device of any one of claims 14-22 further comprising a wireless
transmitier.

24. A system for detecting physiological parameters of a patient comprising:

a first body covering at least a portion of one of a wearet’s fingers, the first body having
an exterior side and an interior side;

a second body covering at least a portion of another of the wearer’s fingers, the second
body having an interior side and an exterior side;

a first sensor positioned on the first body, the first sensor configured to detect at least
one of pH, pulse, oxygen saturation, bicarbonate levels, and cranial pressure of the patient on
an exterior side of the first body;

a second sensor positioned on the second body, the second sensor configured to detect
at least one of pH, pulse, oxygen saturation, bicarbonate levels, and cranial pressure of the
patient on an exterior side of the first body; and

a display positioned remotely from the first and second bodies, the display providing

information indicative of sensed values from the first and second sensors.

25. The system of claim 24 wherein the first sensor includes a pH sensor having a
central pH sensor portion and an outer support portion, the outer support portion having a

generally curved or sloped shape.

26. The system of claim 24 or claim 25 further comprising a processor and a display.
27 The system of any one of claims 24-26 further comprising a proximity sensor.

28. The system of any one of claims 24-27 further comprising a pressure switch.
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29. The system of any one of claims 24-28 further comprising a photo sensor.

30. The system of any one of claims 24-29 further comprising a plurality of at least

one of the first and second sensors located on different portions of the first body.

31. The system of any one of claims 24-30 further comprising a refererce sensor for

measuring a physiological parameter of the wearer on the interior side of the flexible body.

32. The system of any one of claims 24-31 further comprising a witeless transmitter.
33. A wearable device for detecting physiological parameters of a patient
comprising:

a flexible body for covering at least a portion a wearer’s hand, the flexible body having
an interior side and an exterior side;

a first sensor positioned on the body for measuring the pH of the patient on an exterior
side of the flexible body; and

a second sensor positioned on the body, the second sensor measures a parameter

indicative of at least one of the pulse and oxygen saturation of the patient on the exterior side of

the flexible body.
24, The wearable device of claim 33 wherein the first and second sensor do not

detect physiological parameters at the same time.

35. The wearable device of claim 33 or claim 34 wherein the body is in the form of a
glove with a palm portion that is unitary with finger portions, the first and second sensors being

positioned on at least one finger portion.

36. The wearable device of any one of claims 33-35 wherein the first sensor includes
a central pH sensor portion and an outer support portion, the outer support portion having a

generally curved or sloped shape.
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34

The wearable device of any one of claims 33-36 further comprising a processor

and a display.

38. The wearable device of claim 37 further comprising a conductive ink extending
along at least a portion of a connection path between at least one of the first and second sensors

and at least one of the processor and display.

39. The wearable device of any one of claims 33-38 further comprising a proximity
Sensor.

40. The wearable device of any one of claims 33-39 further comprising a pressure
swiich.

41. The wearable device of any one of claims 33-40 further comprising a photo
Sensor.

42. The wearable device of any one of claims 33-41 further comprising a plurality of

at least one of the first and second sensors located on different portions of the flexible body.

43. The wearable device of any one of claims 33-42 further comprising a reference
senisor for measuring a physiological parameter of the wearer on the interior side of the flexible

body.

44. The wearable device of any one of claims 33-43 further comprising a wireless
transmitier.
45. The wearable device of any one of claims 33-44 wherein the first and second

sensors are formed as a single sensor array at a single location on the flexible body.

46. A method for detecting physiclogical parameters of a fetus carried by a pregnant

person, the method comprising the steps of:
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providing a wearable device for operation by a user, the wearable device having an
interior side for engaging a user, an exterior side, a first sensor for a first physiological
parameter, and a second sensor for a second physiological parameter;

comparing a value from the first sensor with a value from a sensor coupled to at least
one of the wearer and the pregnant person;

determining if the first sensor is detecting the fetus; and

determining the second physiological parameter from the second sensor when the first

sensor is detecting the fetus.

47. The method of claim 46 wherein the wearable device further includes a reference
sensor on the interior side such that the value from the first sensor is compared with a the value

coupled to the wearer from the reference sensor.

48. A method for detecting oxygen saturation of a patient, the method comprising
the steps of:

providing a medical device having a first sensor component, a second sensor component
located remotely from the first sensor component, and a proximity sensor adjacent at least one
of the first and second sensor components, the first and second sensor components movable
relative to one another;

determining a distance between the first and second sensor components using the
proximity;

determining the oxygen saturation of the patient using transmissive sensing between the
first and second sensor components when the distance between the first and second sensor
components is less than a predetermined value; and

determining the oxygen saturation of the patient using reflective sensing by at least one
of the first and second sensor components when the distance between the first and second

sensor components is greater than the predetermined value.

-21 -



WO 2020/163772

PCT/US2020/017308

1710



WO 2020/163772 PCT/US2020/017308

2/10




WO 2020/163772 PCT/US2020/017308

0

62—t

D\\/?ﬁf\- 64

692 /»




WO 2020/163772 PCT/US2020/017308

4710




WO 2020/163772 PCT/US2020/017308

10

FIG. 6A

104
102/ 102

e

7 ‘
10 114



WO 2020/163772

6/10

SINGLE PRESSURE
SENSOR(S) ACTIVATED
MULTIPLE PRESSURE
‘ SENSORS ACTIVATED
SINGLE PRESSURE
SENSOR ACTIVATED .
j DETERMINES PH
DETERMINES PH
k
POSSIBLE SKIN PIGMENT
' CALIBRATION
POSSIBLE SKIN PIGMENT
CALIBRATION 1
ACTIVATED SENSORS IN
; CLOSE PROXIMITY

SWITCHES TO REFLECTIVE
OXIMETRY READING

¥

AN

PCT/US2020/017308

FIG. 7

ACTIVATED SENSORS
NOT CLOSE IN PROXINITY

k

SENDS SENSOR DATA
TO COMPUTER

SWITCHES TO TRANSMISSIVE
OXIMETRY READING ¥
SWITCHES TO REFLECTIVE
¥ OXIMETRY READING
SENDS SENSOR DATA
TO COMPUTER ¥
SENDS SENSOR DATA
¥ TO COMPUTER
CYCLES THROUGH
MULTIPLE SENSORS
TOFIND THE
HIGHEST READING

¥

DATAINPUT AND OR OQUTPUT
CAN BE STORED LOCALLY,
TRANSFERRED VIARADIO

WAVES OR DISPLAYED ON A

WORN DISPLAY

¥

DATA SENT TO WEARABLE DISPLAY

OR PHONE APPLICATION

¥

!
DATA STORED IN REMOTE SERVEF



WO 2020/163772 PCT/US2020/017308

7710




WO 2020/163772 PCT/US2020/017308

810

FIG. 9A







WO 2020/163772

10/10

FIG. 11

>
s
P
P
-

116

PCT/US2020/017308



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US20/17308

A. CLASSIFICATION OF SUBJECT MATTER
IPC - A41D 19/015, 13/08, 19/01, 19/015 (2020.01)
CPC - A41D 19/015, A61B 5/14539, A61B 5/0836, A61B 5/72

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

[0138])

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X =~ |CA 2926 096 A1 (HAYS, G) 10 May, 2017; abstract; page 14, second paragraph; page 15, first | 24, 26/24

- paragraph; claim 1; figures 1-3

A 1-3, 14-16, 25, 26/25,

46-48

X US 2017/0181704 A1 (THE BOARD OF TRUSTEES OF THE UNIVERSITY OF ILLINOIS) 29 33, 34, 35/33, 35/34

-- June, 2017; abstract; figures 14-17; paragraphs [0008], [0009], [0013], [0282], [0285]

A 1-3, 14-16, 25, 26/25

A US 2016/0066894 A1 (RAZZBERRY INC.) 10 March, 2016; abstract; figure 13; paragraphs 1-3, 25, 26/25
[0012], [0107-[0109]

A = |CN 207544368 U (SUI, X) 29 June, 2018; page 4, second paragraph; figures 1, 2 14-16, 46-47

A US 2018/0271703 A1 (NOVARTIS AG) 27 September, 2018; figures 1, 2; paragraphs 14-16, 46-48
[0026)-[0028)

A US 2016/0198995 A1 (YEUNG, KWW et al.) 14 July, 2016; figures 1, 16; paragraphs [0135], 14-16, 48

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

I:] See patent family annex.

*

“AY

“p»
wgr

apn

“«Q»
“pr

Special categories of cited documents:

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

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

e

e

wy

“&”

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

31 March 2020 (31.03.2020)

Date of mailing of the international search report

04 JUN 2020

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. 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 2019)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US20/17308

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:] Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 4-13, 17-23, 27-32 and 36-45
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. I  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

l. I:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. -

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)



	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

