wO 2018/006087 A1 | 0K 000 D O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
04 January 2018 (04.01.2018)

(10) International Publication Number

WO 2018/006087 A1l

WIPO I PCT

(5D

2D

22)

(25)
(26)
(30$)

an

a2

International Patent Classification:
A61B 10/00 (2006.01)

International Application Number:
PCT/US2017/040588

International Filing Date:
03 July 2017 (03.07.2017)

Filing Language: English
Publication Language: English
Priority Data:

62/357,643 01 July 2016 (01.07.2016) US

Applicants: UNIVERSITY OF CINCINNATI [US/US];
2624 Clifton Avenue, Cincinnati, OH 45221-0623 (US).
ECCRINE SYSTEMS, INC. [US/US]; 9078 Union Cen-
tre Boulevard, West Chester, OH 45069 (US).

Inventors: HEIKENFELD, Jason, C.; 1644 Clio Avenue,
Cincinnati, OH 45230 (US). ORTIZ, Mark, S.; 1145 Glen
Echo Lane, Milford, OH 45150 (US). STEWART, Kyle,
N.; 825 Main Street Unit 4, Cincinnati, OH 45202 (US).
ROTH, Robert; 8068 Sagamore Drive, Cincinnati, OH
45236 (US).

(74) Agent: CONKLIN, Elizabeth, A. et al.; Wood Herron &

62y

(84)

Evans LLP, 441 Vine Street, Suite 2700, Cincinnati, OH
45202-2917 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: DEVICES WITH REDUCED MICROFLUIDIC VOLUME BETWEEN SENSORS AND SWEAT GLANDS

=

/00\
1 T w0
7y, LLL 122
IR LR B
N OO  NSORIN R NN NNOONNSINS AR
N \ \ \\ \\
0 V) w0 7
“ # #

FIG

A

(57) Abstract: A sweat sampling and sensing device (100) for sensing sweat on skin (12) includes an analyte- specitic sensor (120,
122) for sensing a first analyte in sweat; a sweat collector (110) placed on or adjacent to skin (12) with a plurality of pores or pathways
for entry of sweat from skin (12) into said sweat collector (110), said sweat collector (110) at least partly defining a sweat volume
(190) between said analyte-specific sensor (120, 122) and the skin (12); and a pressure element (112, 170) capable of holding said
sweat collector (110) against the skin (12) with a pressure and reducing the sweat volume (190) between said sweat collector (110)
and the skin (12).
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DEVICES WITH REDUCED MICROFLUIDIC VOLUME BETWEEN SENSORS AND
SWEAT GLANDS

BACKGROUND

[0001] Sweat sensing technologies have enormous potential for applications ranging from
athletics, to neonatology, to pharmacological monitoring, to personal digital health, to name a
few applications. Sweat contains many of the same biomarkers, chemicals, or solutes that are
carried in blood and can provide significant information enabling one to diagnose illness, health
status, exposure to toxins, performance, and other physiological attributes even in advance of
any physical sign. Furthermore, sweat itself, the action of sweating, and other parameters,
attributes, solutes, or features on, near, or beneath the skin can be measured to further reveal
physiological information.

[0002] If sweat has such significant potential as a sensing paradigm, then why has it not
emerged beyond decades-old usage in infant chloride assays for Cystic Fibrosis or in illicit drug
monitoring patches? In decades of sweat sensing literature, the majority of medical literature
utilizes the crude, slow, and inconvenient process of sweat stimulation, collection of a sample,
transport of the sample to a lab, and then analysis of the sample by a bench-top machine and a
trained expert. This process is so labor intensive, complicated, and costly that in most cases, one
would just as well implement a blood draw since it is the gold standard for most forms of high
performance biomarker sensing. Hence, sweat sensing has not emerged into its fullest
opportunity and capability for biosensing, especially for continuous or repeated biosensing or
monitoring. Furthermore, attempts at using sweat to sense “holy grails” such as glucose have
not yet succeeded to produce viable commercial products, reducing the publically perceived
capability and opportunity space for sweat sensing.

[0003] Of all the other physiological fluids used for bio monitoring (e.g. blood, urine,
saliva, tears), sweat has arguably the least predictable sampling rate in the absence of
technology. However, with proper application of technology, sweat can be made to outperform
other non-invasive or less invasive biofluids in predictable sampling. For example, it is difficult
to control saliva or tear rate without negative consequences for the user (e.g., dry eyes, tears, dry
mouth, or excessive saliva while talking). Urine is also a difficult fluid for physiological

monitoring, because it is inconvenient to take multiple urine samples, it is not always possible to
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take a urine sample when needed, and control of biomarker dilution in urine imposes further
significant inconveniences on the user or test subject.

[0004] However, the state of art in sweat bio monitoring is in need of additional devices
and methods to properly reduce the volume between sensors and skin. Reducing sweat volume
is critical for fast sampling times or for sampling during intervals with very low sweat rates. In
addition, it also may be critical for prolonged stimulation (i.e., where less stimulation is
required), and for improving biomarker measurements where a low sweat rate is required to
ensure correlation between biomarker concentrations in sweat and those in blood.

[0005] Biosensing using sweat has many drawbacks and limitations that must be resolved
in a manner that affordably, effectively, conveniently, intelligently, and reliably brings sweat

sensing technology into intimate proximity with sweat as it is generated.

SUMMARY OF THE INVENTION

[0006] Embodiments of the disclosed invention provide a sweat sensing device capable of
reduced volume between the sensors and sweat glands, which decreases the sampling interval.
In one embodiment, a sweat sensing device for sensing sweat on the skin includes one or more
sweat sensors, a sweat collector placed on or adjacent to the skin with one or more pores or
pathways for entry of sweat from the skin into the sweat collector, the sweat collector at least
partly defining a sweat volume between the analyte-specific sensor and the skin, and a pressure
element capable of holding the sweat collector against the skin with a pressure and reducing the
sweat volume between the sweat collector and the skin.

[0007] The objects and advantages of the disclosed invention will be further appreciated in

light of the following detailed descriptions and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1A is a cross-sectional view of a portion of a device for sweat biosensing with
a reduced microfluidic volume according to an embodiment of the disclosed invention.

[0009] Fig. 1B is a top cross-sectional view of the sweat collector of the device of Fig. 1A.
[0010] Fig. 2 is a cross-sectional view of a portion of a device for sweat biosensing with a
reduced microfluidic volume according to another embodiment.

[0011] Fig. 3 is a cross-sectional view of a portion of a device for sweat biosensing with a
reduced microfluidic volume according to another embodiment.

[0012] Fig. 4 is a cross-sectional view of a portion of a device for sweat biosensing with a

reduced microfluidic volume according to another embodiment.
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[0013] Fig. 5 is a cross-sectional view of a portion of a device for sweat biosensing with a
reduced microfluidic volume according to another embodiment.

[0014] Fig. 6 is a cross-sectional view of a portion of a device for sweat biosensing with a
reduced microfluidic volume according to another embodiment.

[0015] Fig. 7A is a perspective view of a portion of a device for sweat biosensing with a
reduced microfluidic volume and flexible collar according to another embodiment.

[0016] Figs. 7B and 7C are partial cross sectional views of the device generally taken
along the line 7B—7B of Fig. 7A.

[0017] Figs. 8A and 8B are cross sectional views of a portion of a device for sweat
biosensing with a reduced microfluidic volume and flexible collar according to another

embodiment.

DEFINITIONS

[0018] As used herein, “chronological assurance” is an assurance of the sampling rate for
measurement(s) of sweat, or solutes in sweat, being the rate at which measurements can be made
of new sweat or its new solutes as they originate from the body. Chronological assurance may
also include a determination of the effect of sensor function, or potential contamination with
previously generated sweat, previously generated solutes, other fluid, or other measurement
contamination sources for the measurement(s).

[0019] As used herein, “sweat sampling rate” is the effective rate at which new sweat, or
sweat solutes, originating from the sweat gland or from skin or tissue, reaches a sensor that
measures a property of sweat or its solutes. Sweat sampling rate, in some cases, can be far more
complex than just sweat generation rate. Sweat sampling rate directly determines, or is a
contributing factor in determining the chronological assurance. Times and rates are inversely
proportional (rates having at least partial units of 1/seconds), therefore a short or small time
required to refill a sweat volume can also be said to have a fast or high sweat sampling rate. The
inverse of sweat sampling rate (1/s) could also be interpreted as a “sweat sampling interval(s)”.
Sweat sampling rates or intervals are not necessarily regular, discrete, periodic, discontinuous,
or subject to other limitations. Like chronological assurance, sweat sampling rate may also
include a determination of the effect of potential contamination with previously generated sweat,
previously generated solutes, other fluid, or other measurement contamination sources for the
measurement(s). Sweat sampling rate can also be in whole or in part determined from solute
generation, transport, advective transport of fluid, diffusion transport of solutes, or other factors

that will impact the rate at which new sweat or sweat solutes reach a sensor and/or are altered by
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older sweat or solutes or other contamination sources. Sensor response times may also affect
sampling rate.

[0020] As used herein, “sweat generation rate” is the rate at which sweat is generated by
the sweat glands themselves. Sweat generation rate is typically measured by the flow rate from
each gland in nL/min/gland. In some cases, the measurement is then multiplied by the number
of sweat glands from which the sweat is being sampled.

[0021] As used herein, “measured” can imply an exact or precise quantitative
measurement and can include broader meanings such as, for example, measuring a relative
amount of change of something. Measured can also imply a binary measurement, such as ‘yes’
or ‘no’ type measurements.

[0022] As used herein, “sweat volume” refers to a fluidic volume. Sweat volume may be
the volume that exists between a sensor and the point of generation of sweat or a solute moving
into or out of sweat from the body or from other sources. Sweat volume can include the volume
that can be occupied by sweat between: the sampling site on the skin and a sensor on the skin
where the sensor has no intervening layers, materials, or components between it and the skin; or
the sampling site on the skin and a sensor on the skin where there are one or more layers,
materials, or components between the sensor and the sampling site on the skin. Sweat volume
may refer to the sweat volume of multiple integrated components, or used in description of the
sweat volume for single component or a subcomponent, or in the space between a component or
a device and skin.

[0023] As used herein, a “volume-reducing component” is any component, material,
element, feature, or combinations thereof that enables formation of a volume-reduced pathway
and that transports sweat to at least one sensor specific to at least one analyte in sweat.

[0024] As used herein, a “volume-reduced pathway” is a sweat volume that has been
reduced at least in part by addition a volume-reducing component, which therefore decreases the
sweat sampling interval for a given sweat generation rate.

[0025] As used herein, “microfluidic components™ are channels in polymer, textiles, paper,
or other components known in the art for guiding movement of a fluid or at least partial
containment of a fluid.

[0026] As used herein, “sweat collector” is a component that at least in part is pressed
directly against the skin, and which is at least a part of a volume-reducing component.
Specifically, a sweat collector includes one or more, or a plurality, of pores or pathways in a

material and/or on the surface of a material that is held against skin so that the plasticity of skin
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allows skin defects, hair, and other sweat volume increasing aspects of skin to at least partially
conform against the material.

[0027] As used herein, “space between the sweat collector and skin” refers to the space
between the skin and a sweat collector that would be filled by air, skin oil, or other non-sweat
fluids or gases if no sweat existed. This space could be filled by sweat by positive pressure
generated by the sweat glands, or for example by wicking, or by other suitable methods.

[0028] As used herein, “pressure element” is any component that at least in part provides
pressure to a sweat collector to create at least in part a reduced sweat volume between a sweat
collector and skin.

[0029] As used herein, the term “analyte-specific sensor” is a sensor specific to an analyte
and performs specific chemical recognition of the presence or concentration of the analyte (e.g.,
ion-selective electrodes, enzymatic sensors, electrochemical aptamer-based sensors, etc.). For
example, sensors that sense impedance or conductance of a fluid, such as biofluid, are excluded
from the definition of “analyte-specific sensor’” because sensing impedance or conductance
merges measurements of all ions in biofluid (i.e., the sensor is not chemically selective; it
provides an indirect measurement). An exemplary analyte-specific sensor is an ion-selective
electrode for potassium. A sensor for cortisol, which only has interference (non-specificity) to
estrogen, would still be specific to one analyte because there are many instances in which
estrogen would not be changing, cortisol would be changing, and the sensor would effectively
be specific to cortisol. Sensors could also be optical, mechanical, or use other physical/chemical
methods which are specific to a single analyte. Further, multiple sensors can each be specific to

one of multiple analytes.

DETAILED DESCRIPTION OF THE INVENTION

[0030] To understand the proper numerical values or representations of sweat sampling
rate and therefore chronological assurance, sweat generation rate and sweat volumes should be
understood. From ‘Dermatology: an illustrated color text” 5th edition, the maximum sweat
generated per person per day is 10 liters which on average is 4 uL per gland maximum per day,
or about 3 nL/min/gland. This is about 20X higher than the minimum sweat generation rate.
The maximum stimulated sweat generation rate according to Buono 1992, J. Derm. Sci. 4, 33-
37, “Cholinergic sensitivity of the eccrine sweat gland in trained and untrained men”, the
maximum sweat generation rate by pilocarpine stimulation are about 4 nL./min/gland for
untrained men and 8 nL./min/gland for trained (exercising often) men. Other sources indicate

maximum sweat generation rates of an adult can be up to 2-4 liters per hour or 10-14 liters per
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day (10-15 g/minem?), which based on the per hour number translates to 20 nL./min/gland or 3
nL/min/gland. Sweat stimulation data from “Pharmacologic responsiveness of isolated single
eccrine sweat glands” by K. Sato and F. Sato (the data was for extracted and isolated monkey
sweat glands, which are very similar to human ones) suggests a sweat generation rate up to
about 5 nL./min/gland is possible with stimulation, and several types of sweat stimulating
substances are disclosed. For simplicity, we can assume for use in calculations in the disclosed
invention (but not so limit the disclosed invention) that the minimum sweat generation rate on
average is about 0.1 nL/min/gland and the maximum sweat generation rate is about 5
nl./min/gland, which is about a 50X difference between the two.

[0031] Based on the assumption of a sweat gland density of 100/cm?2, a sensor that is 0.55
cm in radius (1.1 ecm in diameter) would cover about 1 cm? area or approximately 100 sweat
glands. Next, assume a sweat volume under a skin-facing sensor (space between the sensor and
the skin) of 100 pm average height or 100E-4 c¢m, and that same 1 cm? area, which provides a
sweat volume of 100E-4 cm? or about 100E-4 mL or 10 uL of volume. With the maximum
sweat generation rate of 5 nL/min/gland and 100 glands, it would require a 20 minutes to fully
refresh the sweat volume (using first principles/simplest calculation only). With the minimum
sweat generation rate of 0.1 nL/min/gland and 100 glands, it would require 1000 minutes or
about 17 hours to refresh the sweat volume. Because the flow is not entirely centered, according
to Sonner, et al., in Biomicrofluidics, 2015 May 15; 9(3):031301, doi: 10.1063/1.4921039, the
time to fully refresh the sweat sample (e.g. new sweat replaces all old sweat) could be 6X longer
or more. For slow flow rates of sweat, back-diffusion of analytes and other confounding factors
could make the effective sampling interval even worse. Clearly, conventional approaches with
large sweat volumes and slow sampling intervals can be problematic for continuous monitoring
of sweat samples.

[0032] Sweat stimulation, or sweat activation, can be achieved by known methods. For
example, sweat stimulation can be achieved by simple thermal stimulation, chemical heating
pad, infrared light, by orally administering a drug, by intradermal injection of drugs such as
carbachol, methylcholine, or pilocarpine, and by dermal introduction of such drugs using
iontophoresis, but sudo-motor-axon reflex sweating, or by other means. A device for
iontophoresis may, for example, provide direct current and use large lead electrodes lined with
porous material, where the positive pole is dampened with 2% pilocarpine hydrochloride and the
negative one with 0.9% NaCl solution. Sweat can also be controlled or created by asking the

subject using the patch to enact or increase activities or conditions that cause them to sweat.
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[0033] Aspects of the disclosed invention apply at least to any type of sweat sensing
device that stimulates sweat, measures sweat, sweat generation rate, sweat chronological
assurance, its solutes, solutes that transfer into sweat from skin, a property of or things on the
surface of skin, or properties or things beneath the skin. Any suitable sensor may be used in the
disclosed invention (e.g. ion-selective, enzymatic, antibody, aptamer, optical, electrical,
mechanical, etc.). Further, aspects of the disclosed invention apply to sweat sensing devices that
can take on forms including patches, bands, straps, portions of clothing, wearables, or any
suitable mechanism that reliably brings sweat stimulating, sweat collecting, and/or sweat sensing
technology into intimate proximity with sweat as it is generated. Some embodiments of the
disclosed invention utilize adhesives to hold the device near the skin, but devices could also be
held by other mechanisms that hold the device secure against the skin, such as a strap or
embedding in a helmet.

[0034] Certain embodiments of the disclosed invention show sensors as individual
elements. It is understood that many sensors require two or more electrodes, reference
electrodes, or additional supporting technology or features that are not captured in the
description herein. Sensors are preferably electrical in nature, but may also include optical,
chemical, mechanical, or other known biosensing mechanisms. Sensors can be in duplicate,
triplicate, or more, to provide improved data and readings. Sensors may be referred to by what
the sensor is sensing, for example: a sweat sensor; an impedance sensor; a sweat volume sensor;
a sweat generation rate sensor; and a solute generation rate sensor. Certain embodiments of the
disclosed invention show sub-components of what would be sweat sensing devices with more
sub-components that would be used in the device in various applications (e.g., a battery) and, for
purpose of brevity and focus on inventive aspects, are not explicitly shown in the diagrams or
described in the embodiments of the disclosed invention. As a further example, many
embodiments of the disclosed invention could benefit from mechanical or other techniques
known to those skilled in wearable devices, patches, bandages, and other technologies or
materials affixed to skin, to keep the devices or sub-components of the skin firmly affixed to
skin or with pressure favoring constant contact with skin or conformal contact with even ridges
or grooves in skin, and are included within the spirit of the disclosed invention. The present
application has specification that builds upon International Patent Application No.
PCT/US2013/035092, the disclosure of which is hereby incorporated herein by reference in its

entirety.
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[0035] Embodiments of the disclosed invention include at least one analyte-specific
sensor, a sweat collector, and at least one component that presses the sweat collector against skin
in order to create a volume reduced pathway. The sweat collector includes a plurality of pores
or porous pathways to allow sweat to enter into the sweat collector from a plurality of sweat
ducts beneath the sweat collector.

[0036] With reference to Figs. 1A and 1B, in an embodiment, a sweat sensing device 100
is placed on or near skin 12 creating a reduced sweat volume. For the figures and description,
like numerals refer to like features featured in other embodiments and figures. The device 100
includes a medical textile 112 with adhesive that presses a sweat collector 110 against the skin
12. The sweat collector 110 comprises a plurality of pores and an open channel that form a
sweat volume 190 through which sweat is transported to the sensors 120, 122, at least one of
which is an analyte-specific sensor. In an embodiment, the sensors 120, 122 are positioned on
an interior surface of the sweat collector 110. The pores may range from nm’s to mm’s in
diameter and in length for example. The sweat collector 110 may have dimensions that support
a sweat volume capacity of nL’s to uL’s. The pores of the sweat collector 110 are shown in Fig.
1B. The sweat collector 110 may be, for example, a molded polymer such as acrylic. The open
channel in the sweat collector 110 may include supports, such as spacer beads or posts (not
shown). To provide even and steady application of pressure, the device 100 also includes a
memory foam 170. Even if the skin had defects, hairs, roughness, etc., enough pressure is
applied such that positive pressure of sweat generated by sweat glands causes sweat to
preferentially permeate through the pores in the sweat collector 110 and not between the sweat
collector 110 and the skin 12 or around the device 100. This same applied pressure also
therefore minimizes the sweat volume between the sweat collector 110 and the skin 12.

[0037] With further reference to Fig. 1A, the applied pressure must be great enough to
provide a reduced sweat volume between the sweat collector 110 and the skin 12 but not so great
as to prevent sweat from flowing into the sweat collector 110. Although skin deformation varies
from person to person and based on measurement location and skin hydration level as well,
generally, a pressure of 5,000-30,000 N/m? should yield a mechanical deformation between 0.6
to 1.6 mm of skin deformation under direct compression. In an embodiment of the disclosed
invention, generally about 100 pm of indentation/deformation may be provided by the device
100. An experimentally measured value of about 100 um can be achieved within 15 minutes of
pressure ranging from 60 to 40,000 N/m?, from 60 to 4,000 N/m?, from 60 to 600 N/m?, from
600 to 4,000 N/m?, or from 600 to 40,000 N/m?2. In embodiments of the disclosed invention, a
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device may be applied with a pressure range for the sweat collector 110 against skin of at least
60 N/m?, at least 600 N/m?, at least 4,000 N/m?, or at least 40,000 N/m?. The maximum
pressure that could occlude a highly active sweat gland is 70,000 N/m? for 15 nl/min/gland as
calculated by Sonner et al. in Biomicrofluidics. 2015 May 15;9(3):031301. doi:
10.1063/1.4921039. Therefore, at lower sweat rates, lower applied pressures may be utilized
because the hydraulic pressure created by the sweat glands is lower than at higher sweat rates.
The applied pressure should be designed to avoid any issue with long-term pressure against the
skin that creates skin damage or issues with blood flow. Further, embodiments of the disclosed
invention may include a plurality of pressure providing components that are used in combination
with each other. Suitable pressure providing components include a strap, a plastic housing, a
clamp, a compressible component (e.g., memory foam), a spring, vacuum, or a combination
thereof (e.g. a strap and a vacuum; a plastic housing and a vacuum; or a clamp, a memory foam
component, and a strap, etc.).

[0038] With reference to Fig. 2, in an embodiment of the disclosed invention, a device 200
is shown. The device 200 is similar to the device 100 with a variation being that pathways 295
are included to increase the open area 290 of the sweat collector 210 pressed against the skin 12.
Numerous methods could be used to achieve such pathways, including use of porous
membranes, textiles, open surface microchannels, or other suitable materials or features that help
form a volume-reduced pathway between sweat glands and sensors.

[0039] With reference to Fig. 3, in an embodiment, a device 300 is placed on the skin 12
and creates a reduced sweat volume. In this embodiment, pressure is applied to a rigid polymer
sweat collector 310 by a flexible metal clamp 370 coupled to a rigid printed circuit board 380
that is adhered to skin by adhesive 312. The flexible metal clamp 370 may be coupled to the
rigid printed circuit board 380 via fasteners, such as bolts 372. In other embodiments, a metal
spring, fluid filled bag, or other form of a pressure element could be used beneath a rigid metal
clamp (not shown). Generally, to allow reliable pressure in an embodiment where an adhesive is
used for holding the device 300 against skin 12, the contact area of the adhesive with the skin 12
should be at least 3X greater than the contact area of the sweat collector with skin 12 and, more
preferably, 10X greater.

[0040] With reference to Fig. 4, in an embodiment of the disclosed invention, a device 400
is secured against the skin 12 by a strap 492, such as a wrist-band. The device 400 further
includes a wicking pump 430, which absorbs excess sweat from the sweat collector 408. The

sweat collector 408 is comprised of a rigid portion 414, such as glass, which helps provide
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uniform pressure against the skin 12, and a bonded portion 410 that can be, for example, a
flexible siloxane polymer, which helps the device 400 conform against the skin 12. A sensor
420 is contained within the sweat collector 408. The device 400 further includes a sweat
impermeable non-solid material 418, such as a cosmetic oil, petroleum jelly, or a water-proof
medical adhesive. The sweat impermeable material 418 seals the sweat collector 408 against
skin 12 so that sweat does not leak beyond the periphery of contact of the sweat collector 408
with the skin 12. Therefore, sweat is forced by pressure into the sweat collector 408 and the
space 490 and towards the sensor 420. In an embodiment, the space 490 may be suitably
hydrophilic (e.g., an oxygen plasma treated surface) so that its wicking characteristic aids in
pulling sweat into the device 400.

[0041] With reference to Fig. 5, in an embodiment, a device 500 is secured against the skin
12 with pressure by aid of a plastic housing 516 that is part of a larger component (not shown).
The device 500 further includes a sweat impermeable non-solid material 518 positioned between
the sweat collector 508 and the skin 12. The sweat impermeable non-solid material 518 could
be, for example, a low-surface tension fluid, gel, a paste, or a cosmetic oil or petroleum jelly.
This material 518 aids sealing of the sweat collector 508 against the skin 12 so that the seal is
more water and pressure tight. However, if the material 518 is oily, the oil could come loose
from the device 500 or skin surface and, if it reaches the sensor 520, could foul said sensor 520
and render it inoperable. Similarly, if the oily material 518 reaches the wicking pump 530, it
could occlude the pores of the wicking pump 530 as well and render it inoperable. Therefore,
the device 500 includes an oleoscopic material 585 that captures oily material 518 and that could
also capture natural oil from the skin 12. Other embodiments could include an oleoscopic
material as well (not shown) for capturing natural oil from the skin surface. The oleoscopic
material 585 could be, for example, a Teflon membrane or an olescopic polymer such as those
used commercially for oil-spill cleanup.

[0042] With further reference to Fig. 5, in an alternate embodiment of the disclosed
invention, the sweat collector 508 of a device 500 is comprised of two laminated plastic
materials 510, 514. Pressure to secure the sweat collector 508 against the skin 12 could be
achieved by application of a vacuum, and for example, element 530 could be a vacuum
providing component that could enable the previously taught pressure ranges for securing a
sweat collector 508 against the skin 12. The vacuum providing component may be, for example,
a miniature vacuum pump, a vacuum piston, a vacuum reservoir with a pressure regulator, or

other suitable vacuum elements. Sweat impermeable non-solid material 518 is important to help
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maintain proper vacuum against skin 12, and, due to the vacuum, the material 518 may be highly
viscous and possibly gel-like or paste-like (i.e., not flowing as a Newtonian fluid) such that
material 518 is not sucked into the vacuum to a degree at which the device would fail (e.g.
clogged with material 518, sensors fouled by material 518, or vacuum seal with skin breached
because of a lack of material 518). The vacuum providing component could have a suitable
volume such that sweat could also be pulled into the vacuum providing component. Alternately,
the material 518 could be replaced by an adhesive material if it achieves the same vacuum seal
against skin. Generally, an adhesive, material 518, or other suitable material may be referred to
as a vacuum sealing material on the skin 12. Vacuum providing components could also provide
a pressure that is communicated to the skin surface not by air, but at least in part by fluid (e.g.
the same elements above but pulling sweat under negative pressure relative to the body).
Alternately, a very strongly wicking or drawing material could pull sweat and, therefore, provide
a negative pressure to pull the skin against the sweat collector. Such a component that applies
pressure according to the disclosed invention by providing a negative pressure on fluid in the
device may be more specifically referred to as a negative fluid pressure providing component.
[0043] With reference to Fig. 6, in an embodiment of the disclosed invention, a device 600
includes a sensor 620 embedded in a wicking component, such as a hydrogel 630. A sweat
impermeable layer, such as a polymer 614, is positioned between the hydrogel 630 and a
wicking layer, such as a cellulose layer 632. The hydrogel 630 contacts a portion of the
cellulose layer 632 through an aperture 614a in the polymer 614. The cellulose layer 632 is
positioned between the polymer 614 and a flexible or rubbery polymer 610, such as latex, that
includes incompressible pores 610a. Incompressible pores 610a could be, for example, fibers,
semi-rigid polymer tubes, or other features that allow the polymer 610 to mold itself against the
skin 12, hair, defects, etc., while the pores 610a do not collapse (and therefore can continue to
bring sweat from skin 12 into the polymer 610, through the cellulose layer 632, and into the
hydrogel 630). The device 600 is secured against the skin 12, for example, by an inner lining of
a helmet 692 so that, for example, the sweat collector 610 could therefore be held on a forehead.
[0044] With reference to Figs. 7A-7C, in an embodiment of the disclosed invention, a
device 700 is depicted that is configured to minimize pressure variations on the device 700 as it
is worn on the skin 12. The device 700 includes a sweat collector 740 that interfaces with a
known area of the skin 12, and includes a seal 730 that is configured to prevent sweat generated
by the skin 12 within the collection area from escaping and to prevent sweat generated outside

of the seal 730 from entering the collection area. Although not shown, the device 700 includes
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components for collecting and sensing sweat as described above. The device 700 is secured to
the skin 12 by means of a stretchable strap or band 710. Suitable materials for the stretchable
strap or band 710 includes a vinyl or nylon strap, spandex sleeve, textile elastic band, etc. While
donning the device 700, a user will apply varying initial pressures to the device 700 from day to
day. The initial pressure applied by the user is affected by various factors such as the user’s
changing comfort preferences, or the degradation of the elasticity of the strap 710 over time.
Additionally, during use, the device 700 will see pressure variations caused by user movement,
or device 700 interaction with clothing or other external environmental factors. Therefore, the
device 700 includes a flexible mechanism attaching the device 700 to the strap 710 to maintain a
consistent pressure on the device 700.

[0045] With reference to Figs. 7B and 7C, the device 700 interacts with the attachment
strap 710 by means of a flexible collar 720. The device 700 is removably snapped into the
flexible collar 720 for use, and is snapped out of the flexible collar 720 upon completion of use.
In other words, the device 700 is removably coupled to the strap 710 via the flexible collar 720.
The flexible collar 720 comprises one or more sections 722, 724, 726 that allow the device 700
to flex within the strap 710 so that the pressure of the device 700 against the skin 12 is
substantially decoupled from the tightness of the strap 710 against the device 700. While three
sections 722, 724, 726 are depicted, it should be recognized that the number of sections may be
one, two, or more than three. For example, a first section 722 is coupled to the strap 710, and a
third section 726 is removably coupled to the device 700. The second section 724 is coupled to
the other sections 722, 726 and flexes to allow motion therebetween. Suitable materials for the
section(s) 722, 724, 726 include high density foam, textiles, such as neoprene, or other suitable
material. The section(s) 722, 724, 726 can be of different densities or rigidities so that the
combination of section(s) 722, 724, 726 provides a substantially constant pressure between the
device 700 and the skin 12 that is substantially independent from variations in pressure from the
strap 710 on the device 700. Such pressure supplied by the flexible collar 720 will remain
constant despite increasing deflection of the device 700 from the neutral position. The pressure
by the flexible collar 720 is constant, rather than increasing with additional deflection (which
would be a linear or geometric force). So, the pressure put on the device 700 by the flexible
collar 720 is the same back to neutral, regardless of the amount of deflection. This has a
dampening or decoupling effect between the strap 710 and the device 700. In an embodiment,
the flexible collar 720 includes an additional component to provide structure to the flexible

collar 720, such as a plurality of suspension wires or springs 728 that apply a constant force to
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the device 700 when the suspension wires 728 are deflected from their initial position. Suitable
materials for the suspension wires 728 include metal, metal alloys, such as steel, or superelastic
metal alloys, such as nickel titanium (nitinol). Suspension wires 728 made from a superelastic
alloy can apply a constant pressure to the device 700, since the superelastic properties of the
metal allow the wires 728 to flex but tend to return to a neutral state as soon as external pressure
is removed. With reference to Fig. 7C, if the device 700 is deflected up relative to the strap 710,
the flexible collar 720 puts a constant downward force (arrows 16) on the device 700 to maintain
a constant pressure against the skin 12. In the illustrated embodiment, the position of the
suspension wires 728 move between an initial, relaxed state as shown in Fig. 7B and a second,
deformed state as shown in Fig. 7C. The resilient properties of the suspension wires 728 cause
at least a portion of the downward force on the device 700 as the deformed suspension wires 728
strain to return to the initial, relaxed state. As shown, the section 724 may be of a different
density or rigidity compared to sections 722, 726 such that it flexes as the device 700 is
deflected away from the skin 12.
[0046] With reference to Figs. 8A and 8B, in another embodiment of the disclosed
invention, an elastomeric bellows 820 holds a device 800 in substantially constant pressure
against the skin 12, while allowing the strap 810 to move flexibly. The elastomeric bellows 820
is constructed of, for example, nylon, an elastomer, such as a thermoplastic elastomer (TPE), or
another suitable material, and is configured to act as a spring that puts a substantially constant
force on the device 800 when the elastomeric bellows 820 is flexed away from its neutral
position. The elastomeric bellows 820 has an outer rim 822 that is secured to or integrated into
the strap 810, and an inner rim 824 that is removably attached to the device 800, so that the
device 800 can be snapped into place for use and snapped out of the strap 810 for removal. In
an embodiment, the elastomeric bellows 820 is overmolded (not shown) onto the strap 810 to
improve the integrity and ease of manufacture of the device 800.
[0047] The following examples are provided to help illustrate the disclosed invention, and
are not comprehensive or limiting in any manner.

EXAMPLE 1
[0048] A wicking collector area of 0.1 cm? positioned on skin with an active sweat gland
density of 100 glands/cm? translates to 10 glands facing the wicking collector. A sweat
generation rate of 0.5 nLL/min/gland translates to a total sweat flow rate to the collector of about

5 nL/min. It should be recognized that this example can be adapted to other gland densities,

- 13-



WO 2018/006087 PCT/US2017/040588

sweat generation rates, wicking collector areas, skin roughness, or alternate use scenarios or
device designs.
[0049] Consider now the device 100 of Fig. 1A and/or the device 300 of Fig. 3. In an
embodiment, the sweat collector is constructed of multi-layer SU-8 polymer, which has a water
contact angle of 90 degrees. The internal surfaces of the sweat collector are coated with 10 nm
of poly-vinyl-alcohol or sucrose to be initially superhydrophilic to sweat. The SU-8 polymer
collector (e.g., sweat collector 110) is adjacent to the skin and is 20 pm thick. The SU-8
polymer collector includes pores that open into a 10 um thick channel. The sweat volume (e.g.,
sweat volume 190) includes the open space of the pores and the open space of the channel in the
sweat collector. The pores have an aspect ratio of about 1:1 and comprise 5% of the 0.1 cm?
area of the polymer. The portion of a sweat volume for the pores would be 0.1 cm? * 20E-4 cm
*(.05 = 1E-5cm? = 1E-5mL = 10 nL. The channel includes supports (e.g., spacer beads or
posts; not shown) that transfer pressure toward the skin and that comprise 10% of the channel
volume. Thus, the remaining sweat volume portion would have 0.1 cm? * 10E-4 cm * 0.9 = 90
nL. At 5 nL/min, the sweat sampling interval would be roughly 18 minutes based on a simple
volume-filling approach. If the thickness of the polymer was 40 um and the thickness of the
channel was 20 pm (doubled), then the sweat sampling interval would be 36 minutes. If the
thicknesses above were 80 um and 40 um (quadrupled), respectively, then the sweat sampling
interval would be 72 minutes (greater than 1 hour roughly).

EXAMPLE 2
[0050] Consider a use scenario similar to Example 1 described above and the device 400
of Fig. 4 where a thickness of the hydrogel 430 is 10 um, and the sensor(s) 420 has a total area
of 0.01 cm?. The portion of a sweat volume for hydrogel 430 would therefore be 10 nL.
Assume the wicking cellulose layer 432 is 5 um thick (nano-cellulose) and 40% solids, so that
its portion of the sweat volume is 20 nL. Lastly, assume incompressible pores 610a are only
several microns or less in diameter and no more than 30 um long, so that their contribution to
the total sweat volume is negligible. As a result, a total sweat volume is near 30 nL, and the
sweat sampling interval could be 6 minutes.
[0051] While specific embodiments have been described in considerable detail to illustrate
the disclosed invention, the description is not intended to restrict or in any way limit the scope of
the appended claims to such detail. The various features discussed herein may be used alone or
in any combination. Additional advantages and modifications will readily appear to those

skilled in the art. The invention in its broader aspects is therefore not limited to the specific
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details, representative apparatus and methods and illustrative examples shown and described.

Accordingly, departures may be made from such details without departing from the scope of the

general inventive concept.
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WHAT IS CLAIMED IS:

1. A sweat sampling and sensing device for sensing sweat on skin comprising:

an analyte-specific sensor for sensing a first analyte in sweat;

a sweat collector placed on or adjacent to the skin with one or more pores or pathways
for entry of sweat from the skin into said sweat collector, said sweat collector at least partly
defining a sweat volume between said analyte-specific sensor and the skin; and

a pressure element capable of holding said sweat collector against the skin with a

pressure and reducing the sweat volume between said sweat collector and the skin.

2. The device of claim 1, wherein said pressure is at least 600 N/m?>.

3. The device of claim 1, wherein said pressure is at least 60 N/m?>.

4. The device of claim 1, wherein said pressure is less than 4,000 N/m?.

5. The device of claim 1, wherein said pressure is less than 40,000 N/m?2.

6. The device of claim 1, wherein said pressure element comprises at least one of: an

adhesive; a memory foam; a sponge; a mechanical clamp; a spring; a fluid filled bag; a gel; a
hydrogel; a strap; a plastic housing; a vacuum providing component; or a negative fluid pressure

providing component.

7. The device of claim 1, wherein said pressure element comprises an adhesive that has a

contact area with skin that is 3X greater than a contact area of said sweat collector with skin.

8. The device of claim 1, wherein said pressure element comprises at least in part an

adhesive that has 10X greater contact with skin than contact area of said sweat collector.

9. The device of claim 1, further comprising a sweat-impermeable non-solid material

coating on said sweat collector.

10. The device of claim 9, wherein said sweat-impermeable non-solid material is an oil.
11. The device of claim 9, wherein said sweat-impermeable non-solid material is a gel.
12. The device of claim 9, wherein said sweat-impermeable non-solid material is an
adhesive.
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13. The device of claim 9, wherein said sweat-impermeable non-solid material is a paste.

14. The device of claim 1, wherein said one or more pores or pathways are incompressible.
15. The device of claim 1, further comprising an oleoscopic material.

16. The device of claim 1, further comprising a vacuum providing component and a vacuum

sealing material on skin.

17. The device of claim 1, further comprising a negative fluid pressure providing component

and a vacuum sealing material on skin.

18. The device of claim 1, wherein, when said device is placed on skin having an average of
about 100 active glands/cm? and an average sweat generation rate of about 0.5 nL/min/gland, a

sweat sampling interval for said device is less than 72 minutes.

19. The device of claim 1, wherein, when said device is placed on skin having an average of
about 100 active glands/cm? and an average sweat generation rate of about 0.5 nL/min/gland, a

sweat sampling interval for said device is less than 36 minutes.

20. The device of claim 1, wherein, when said device is placed on skin having an average of
about 100 active glands/cm? and an average sweat generation rate of about 0.5 nL/min/gland, a

sweat sampling interval for said device is less than 18 minutes.

21. The device of claim 1, wherein, when said device is placed on skin having an average of
about 100 active glands/cm? and an average sweat generation rate of about 0.5 nL/min/gland, a

sweat sampling interval for said device is less than 6 minutes.

22. The device of claim 1, wherein the pressure element is configured to hold the device
against the skin with a substantially constant pressure, wherein the pressure element
compensates for pressure variabilities due to initial donning variations, and due to motion while

the device is in use.

23. The device of claim 22, wherein the pressure element comprises one of the following: an

elastomeric bellows, a flexible suspension collar, or a fabric decoupler.
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24. The device of claim 22, wherein the pressure element comprises the flexible suspension
collar, the flexible suspension collar comprising a plurality of sections, at least one of the

plurality of sections having a different density than the other sections.

25. The device of claim 22, wherein the pressure element comprises the flexible suspension
collar, the flexible suspension collar comprising a plurality of wires made from a superelastic

metal alloy.

26. The device of claim 22, wherein the pressure element comprises the flexible suspension

collar, the flexible suspension collar comprising a plurality of wires made from spring steel.

27. The device of claim 1, further comprising a flexible seal tracing the sweat collector’s
path of contact with the skin, where the pressure element is configured to apply sufficient
pressure between the seal and the skin to prevent sweat from entering the collection area from

outside the seal.

28. The device of claim 1, wherein said analyte-specific sensor is positioned on an interior

surface of the sweat collector.
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