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SMART SWEAT STIMULATION AND
SENSING DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application has specification that
builds upon U.S. Provisional Application No. 62/185,769,
filed Tun. 29, 2015, and PCT/US16/19282 filed Feb. 24,
2016, the disclosures of which are hereby incorporated
herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] Sweat sensing technologies have enormous poten-
tial 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, perfor-
mance, and other physiological attributes even in advance of
any physical sign. Furthermore, sweat itself, the action of
sweating, and other parameters, attributes, solutes, or fea-
tures on, near, or beneath the skin can be measured to further
reveal physiological information.

[0003] Sweat biosensing applications have largely
remained relegated to infant chloride assays for Cystic
Fibrosis or illicit drug monitoring patches. This is because
the majority of medical literature on sweat biomarkers relies
on a 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, compli-
cated, and costly that a blood draw is usually a superior
testing modality, since it is the gold standard for most high
performance biomarker sensing. Hence, sweat sensing has
vet to realize its full biosensing potential, especially for
continuous or repeated biosensing. Furthermore, attempts to
use sweat sensing to measure “holy grails” like glucose have
thus far failed to produce viable commercial products,
reducing the perceived capability and opportunity space for
sweat sensing.

[0004] Among the physiological fluids used for bio moni-
toring (e.g. blood, urine, saliva, tears), sweat has arguably
the least predictable sampling rate in the absence of tech-
nology. 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 inconve-
nient to take multiple urine samples, it is not always possible
to take a urine sample when needed, and control of bio-
marker dilution in urine imposes further significant incon-
veniences on the user or test subject.

[0005] By contrast, as disclosed in herein, sweat may be
stimulated and sampled when needed, and sweat rates may
be controlled for particular applications. For instance, some
biomarkers diffuse into sweat at known rates, and these rates
will correspond to a particular sweat rate that allows the
biomarker’s sweat concentration to optimally correlate to its
concentration in blood. (e.g., too high of a sweat rate will
dilute a biomarker concentration as the biomarker may not
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have time to equilibrate by diffusion into sweat). An excel-
lent summary is provided by Sonner, et al. in the 2015 article
titled “The microfluidics of the eccrine sweat gland, includ-
ing biomarker partitioning, transport, and biosensing impli-
cations”, Biomicroftuidics 9, 031301, herein included by
reference.

[0006] Many of the drawbacks and limitations stated
above can be resolved by creating novel and advanced
interplays of chemicals, materials, sensors, electronics,
microfluidics, algorithms, computing, software, systems,
and other features or designs, in a manner that affordably,
effectively, conveniently, intelligently, or reliably brings
sweat sensing and stimulating technology into intimate
proximity with sweat as it is generated. With the improve-
ments embodied in the current invention, sweat sensing can
become a compelling new paradigm as a biosensing plat-
form.

SUMMARY OF THE INVENTION

[0007] The disclosed invention provides a sweat sensor
device capable of smart sweat stimulation and sensing. The
disclosed devices and methods improve the dependability
and predictability of sweat sampling rates; achieve a desired
number of sweat sampling events per day while minimizing
skin irritation; and use physical, optical or thermal sweat
stimulation to augment or replace chemical sweat stimula-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The objects and advantages of the disclosed inven-
tion will be further appreciated in light of the following
detailed descriptions and drawings in which:

[0009] FIG. 11is a cross-sectional view of at least a portion
of a wearable device for sweat biosensing.

[0010] FIG. 2 is a cross-sectional view of at least a portion
of a wearable device for sweat biosensing.

[0011] FIGS. 3A to 3C are cross-sectional views of at least
a portion of the device of FIG. 2, showing alternate con-
figurations and embodiments.

[0012] FIG. 4 is a cross-sectional view of at least a portion
of a wearable device for sweat biosensing.

DEFINITIONS

[0013] “Continuous monitoring” means the capability of a
device to collect sweat continuously or in multiple samples
and provide at least one measurement of a characteristic of
that sweat, or to provide a plurality of measurements of the
sweat over time.

[0014] “Chronological assurance” means a sampling rate
or sampling interval for measurement(s) of sweat, or solutes
in sweat, at which measurements can be made of new sweat
or its new solutes as they originate from the body. Chrono-
logical 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).

[0015] “Determined” may encompass more specific mean-
ings including but not limited to: something that is prede-
termined before use of a device; something that is deter-
mined during use of a device; something that could be a
combination of determinations made before and during use
of a device.
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[0016] “‘Sweat sampling rate” means the effective rate at
which new sweat or sweat solutes, originating from the
sweat gland or from skin or tissue, reaches a sensor which
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”. 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 older sweat or
solutes or other contamination sources. Sensor response
times may also affect sampling rate.

[0017] “Sweat stimulation” means the direct or indirect
generation of sweat by any external stimulus such as chemi-
cal, heat, optical, or other methods, with the external stimu-
lus being applied for the purpose of stimulating sweat. One
example of sweat stimulation is the administration of a
sweat stimulant such as carbachol, pilocarpine, methylcho-
line, or other suitable chemical stimulant by iontophoresis,
diffusion, injection, ingestion, or other suitable means.
Going for a jog, which stimulates sweat, is only sweat
stimulation if the individual is jogging for the purpose of
stimulating sweat. Sweat stimulation may also include sudo-
motor axon reflex sweating, where the stimulation site and
sweat generation site are not the same but in close in
proximity and physiologically linked in the sweat response.
[0018] “‘Sweat stimulating component” means any com-
ponent or material that is capable of locally stimulating
sweat to a rate greater than the natural local rate would be
absent such stimulation.

[0019] “‘Sweat generation rate” means 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.

[0020] “Measured” may mean an exact or precise quanti-
tative measurement and can include broader meanings such
as, for example, measuring a relative amount of change of
something. Measured can also mean a binary measurement,
such as ‘yes’ or ‘no’ type measurements.

[0021] “‘Sweat sensor” means any type of sensor that
measures in sweat a state, presence, flow rate, solute con-
centration, or solute presence, in absolute, relative, trending,
or other ways. Sweat sensors can include, for example,
potentiometric, amperometric, impedance, optical, mechani-
cal, or other means known by those skilled in the art of
sensing or biosensing.

[0022] A “sweat sampling event” is a sweat sample that is
chronologically assured and represents a meaningful mea-
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surement. For a continuous flow of sweat, these events are
determined by the sweat sampling rate. For a discontinuous
flow of sweat, these events correspond to times when sweat
volume or sweat generation rate are adequate to make a
proper sweat measurement. For example, if a person needed
to measure cortisol 3 times per day, then the sweat genera-
tion rate would need to be adequate to provide three sweat
sampling events, and other times the sweat generation rate
could be higher or lower.

[0023] “Sweat threshold temperature” or “sweat onset
temperature” means an individual’s physiological status
relative to sweat generation. Specifically, it is the body or
skin temperature at which the individual will sweat
adequately so that new sweat reaches a sweat sensor. Sweat
thresholds and thermal set points for sweat generation vary
from individual to individual, and may also vary from day
to day for an individual based on factors like hormone
levels, age, external temperature, diet, stressors, responsive-
ness to sweat stimulation, or other factors. Therefore, the
sweat onset temperature for an individual may need to be
developed prior to device use, during device use, or may
need to be estimated based on the individual’s phenotype,
age, weight, sex, fitness level, or other relevant factor.
Important for these purposes, it is typically easier to generate
sweat locally when the body is near or above the sweat onset
temperature.

[0024] “Diffusion” denotes the net movement of a sub-
stance from a region of high concentration to a region of low
concentration. This is also referred to as the movement of a
substance down a concentration gradient.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] To better illustrate sweat sampling rate and there-
fore chronological assurance, this disclosure will first dis-
cuss sweat generation rate and sweat volumes. The number
of active sweat glands varies greatly among different people,
though comparisons between different areas (e.g., axillae
versus groin) show the same directional changes (certain
areas always have more active sweat glands while others
always have fewer). Estimates of the number of glands per
cm? for different areas of the body include: around 370 sweat
glands per cm® for the palm; 200 for the back of the hand;
175 for the forehead; 155 for the chest, abdomen, and
forearm; and 60 to 80 for the back and legs. Assuming use
of a sweat gland density of 100/cm?, a sensor that is 0.55 cm
in radius (1.1 cm in diameter) would cover about | cm? area,
or approximately 100 sweat glands.

[0026] Now, consider some sweat generation rates pro-
vided from Dermatology: an illustrated color text, Sth ed.
The human body excretes a minimum of 0.5 L per day of
sweat, has 2.5 million sweat glands on average, and there are
1440 minutes per day. (These values are typically lower for
prepubescent children.) Divided among 2.5 million glands,
that is rate of 0.2 pl/day/gland or 0.14 nl./min/gland. As
another example, the PharmCheck patch, a device that
determines the presence of illicit substances, claims the
patch collects 2 ml per week, which corresponds to a
minimum sweat rate of ~0.1 to 0.2 n[./min/gland in locations
with ~100 glands/cm®. Importantly, this number excludes
trans-epidermal water loss, which would not provide the
solute concentrations that sweat would provide. This is the
minimum ‘average’ sweat generation rate, with some pos-
sible exceptions being where sweating naturally increases



US 2016/0374598 A1l

slightly (such as during sleep cycles, etc.). The maximum
sweat generated per person per day is 10 L, 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. Both higher and lower rates have been
reported and are possible for minimum and maximum sweat
rates.

[0027] First we return to the assumed sweat gland density
of 100/cm?, and the 1 cm® area sensor that covers approxi-
mately 100 sweat glands. Next, assume a sweat volume
under the sensor (space between the sensor and the skin) of
50 um average height or 50E-4 cm, and that same 1 cm?
area, which provides a sweat volume of 50E-4 cm® or about
50E-4 ml or 5 of volume. With the maximum sweat
generation rate of 5 nl./min/gland and 100 glands, it would
require a 10 minutes to fully refresh the sweat volume (using
first principles/simplest calculation only). With the mini-
mum sweat generation rate of 0.1 nl/min/gland and 100
glands, it would require 500 minutes, or 8 hours, to fully
refresh the sweat volume. If the sweat volume could be
reduced by 10x to an effective volume height of roughly 5
um, the minimum and maximum times required to fully
refresh the sweat volume would be 1 minute and 1 hour,
respectively, but the minimum time would also be subject to
diffusion and other contamination issues (and 5 pm volume
height would be technically challenging). Times and rates
are inversely proportional (rates having at least partial units
of 1/s), therefore a short time required to refill the sweat
volume can also be said to have a fast or high sweat
sampling rate.

[0028] The above examples may be interpreted to provide
a chronologically assured sampling interval for sweat, that
1s, the sampling interval would be the time needed for sweat
to fill, or refill, the sweat volume space. Further, because the
sweat in the sweat volume space is prone to significant
diffusion, mixing, and contamination, such factors may also
partially determine sampling interval. The sampling interval
could therefore also be more broadly interpreted to include
relevant transport, diffusion, or contamination times. It is
clear that for many applications, a relatively dependable or
predictable sampling rate is required.

[0029] In addition to sampling intervals, sweat generation
rate per gland may also affect the collection of meaningful
physiological information for certain biomarkers. Many
biomarker concentrations in sweat exhibit dependence on
sweat rate. For example, sweat concentrations of Na+ and
Cl- increase with increasing sweat rate because the sweat
glands actively generate these ions when producing sweat.
Other large or low lipophilic molecules, like cytokines,
decrease in concentration as sweat rates increase because
these molecules diffuse passively into sweat. At high sweat
rates, therefore, there is insufficient time for diffusion to
maintain concentrations in sweat that correlate to those in
blood. For these molecules, prolonged sweat stimulation at
low sweat rates may be necessary. It is clear that for many
applications, a relatively dependable or predictable sweat
generation rate per gland is required.

[0030] The present disclosure applies at least to any type
of sweat sensor device that stimulates and 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. The present disclosure applies to sweat
sensing devices which can take on forms including patches,
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bands, straps, portions of clothing, wearables, or any suit-
able mechanism that reliably brings sweat stimulating, sweat
collecting, and/or sweat sensing technology into intimate
proximity with sweat as it is generated. Some embodiments
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 the
device in a helmet.

[0031] Certain embodiments of the present disclosure
show sensors as simple individual elements. It is understood
that mary 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 mecha-
nisms. Sensors can be in duplicate, triplicate, or more, to
provide improved data and readings. Sensors may be refer-
enced herein by what the sensor is sensing, for example: a
sweat sensor; an impedance sensor; a sweat volume sensor;
a sweat generation rate sensor; a solute generation rate
sensor, a galvanic skin response sensor, and so on. Certain
embodiments of the invention show sub-components of
what would be sweat sensing devices with more sub-
components needed for use of the device in various appli-
cations, which are obvious (such as a battery), and for
purpose of brevity and focus on inventive aspects, are not
explicitly shown in the diagrams or described in the embodi-
ments of the disclosure.

[0032] Specifically, the present disclosure provides smart
sweat stimulation and sensing embodiments, which improve
the dependability and predictability of sweat sampling rates;
achieve a desired number of sweat sampling events per day
while minimizing skin irritation; and use physical, optical or
thermal sweat stimulation to augment or replace chemical
sweat stimulation.

[0033] Sweat stimulation, or sweat activation, can be
achieved by known methods. For example, sweat may be
stimulated thermally (via infrared light, or a thermal wrap,
for example), by orally administering a drug, by intradermal
injection of drugs such as carbachol, methylcholine, or
pilocarpine, by introduction of a sweat stimulant by diffu-
sion, and by dermal introduction of such drugs using ion-
tophoresis. A device for iontophoresis may, for example,
provide direct current into the skin and use large lead
electrodes lined with porous material, where the positive
pole is dampened with 2% pilocarpine hydrochloride and the
negative pole with 0.9% NaCl solution. Sweat can also be
controlled or created by asking the device wearer to engage
in or increase activities or conditions that cause them to
sweat. Other sweat stimulants and stimulation techniques
are also possible and known in the art.

[0034] The sweat sensor device may be configured to
measure sweat rate, for example by using skin impedance or
galvanic skin response (GSR), or by measuring Na+, Cl-,
and K+ ratios emerging in sweat, or by other means. With a
sweat rate measurement, the sweat sensing device may then
adjust sweat stimulation to enable a sweat sensing event, or
to control for a target sweat generation rate. These tech-
niques may be referred to as active control of sweat gen-
eration rate.

[0035] In addition to allowing control of sweat generation
rates, the disclosed invention also allows sweat stimulation
to be applied more efficiently, which may prolong the life of
the device through longer battery life or less use of stimu-
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lation chemicals. More efficient stimulation also reduces
irritation to the wearer’s skin that may be caused by the heat,
electricity, or chemicals used to stimulate sweat. In general,
stimulating sweat when the skin temperature is close to the
sweat generation threshold is more efficient than at other
times, so the device could be configured to initiate stimu-
lation only when measured skin temperature is naturally
close to sweat onset, or the device may instruct the user to
increase skin temperature, for exaniple by taking a walk. The
device itself may also be configured to increase local skin
temperature, for example, by using a thermally insulating
layer to seal with the skin around the device. In this way, the
seal can create a local environment under the patch with a
higher skin temperature in which the sweat glands generate
sweat more easily than they would outside the patch. In
some cases, this may eliminate the need for any further
stimulation. In other cases, it should reduce the amount of
stimulation required.

[0036] In some embodiments, a device utilizing both a
thermal stimulation means, such as an infrared light source,
and a chemical stimulation means, such as carbachol or
pilocarpine, may provide improved efliciency and reduced
skin irritation, e.g., by allowing each means to operate for
shorter duration or at lower intensity. Combined use may
also allow improved operation on other measures, for
example by allowing the sweat sensor device to generate
sweat from a lower sweat onset temperature, or by providing
redundancy in the event that either means malfunctions, or
the skin stops responding to one form of stimulation or the
other.

[0037] With reference to FIG. 1, a sweat sensing device
100 is placed on or in proximity to skin 12 in order to
provide an adequate number of sweat sampling events. The
device includes at least one sweat sensor 120, adhesive 110,
and at least one sweat stimulating component 140. The
device further includes a thermally insulating component
170, effective to cause the local skin temperature under the
device to elevate and remain higher than the temperature of
skin outside of the device. Raising local skin temperature
can increase the affected glands’ likelihood of generating
sweat, for example, by bringing the glands closer to their
sweat generation threshold or sweat onset threshold such
that sweat is more easily generated by: (1) natural sweat
stimulating events such as exercising, undergoing sleep
cycles, drinking a hot beverage, wearing warm clothing, or
other natural stimulation methods; or (2) sweat stimulation
by the sweat stimulating component 140. The thermally
insulating component could be aluminized mylar, an aero-
gel, a thick textile, or other suitable material capable of
raising the local skin temperature by at least 1° C.

[0038] With reference to FIG. 2, where like numerals refer
to like compornents or materials depicted in the previous
figure, a device 200 includes a thermal sweat stimulation
component 245 placed on a sweat sensor 220 on the side
opposite skin 12. The thermal stimulation component 245
could be, for example, at least one of the following heater
types: a resistive heater, a light emitting diode, or an
exothermic chemical reaction material (like that used in
hand warmers). Thermal stimulation component 245 and a
chemical stimulation component 240 can work in concert to
provide an adequate number of sweat sampling events. As an
example, stimulation component 240 would use a chemical
stimulant such as carbachol.
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[0039] FIGS. 3A to 3C, where like numerals refer to like
components or materials of previous figures, depict alternate
configurations of sweat stimulation component 245 and
sensor 220 for the partial device depicted in FIG. 2. In each
FIG. 3 variation, thermal stimulation component 345a,
345b, 345¢ may optionally be configured as a light source,
with light emissions depicted as arrows 380. Light stimula-
tion has a number of advantages over other thermal stimu-
lation modalities, including: deeper absorption into the skin;
more directional control (and therefore potentially more
efficient delivery to a particular site); easier rapid pulsing;
and smaller component size. Skin penetration depths (depth
at which only 37% of the original light intensity remains) are
several millimeters for visible and near-infrared wave-
lengths. Light sources for such components may include any
type of inexpensive and compact light source, that enables
precise control of the radiation direction and pattern, for
example an LED, or a laser. Light sources can use lenses,
mirrors, or other components to improve directional control,
including, for example, achieving a solid cone angle of <45°
for >50% of the emitted light, using techniques known by
those skilled in the art of optics. With reference to FIG. 3C,
both the thermal sweat stimulation component 345¢ and
sweat sensor 320¢ may be fabricated on a common substrate
312¢, such as a polyamide or polyester film.

[0040] With reference to FIG. 4, a partial sweat sensing
device is depicted with a chemical sweat stimulating com-
ponent 450, a thermal sweat stimulating component 445, and
a thermally insulating component 470. The thermal sweat
stimulating component 445 may be, for example, a material
producing a continuous exothermic chemical reaction, such
as that used in hand-warmers, which would locally raise the
skin temperature and allow increased sweat sampling
events. In some embodiments, component 450 may include
a chemical numbing agent, such as lidocaine or hydrocor-
tisone, to reduce any physical sensation the user perceives
from the sweat stimulation.

[0041] The following examples are provided to help illus-
trate the disclosed invention, and are not comprehensive or
limiting in any manner.

EXAMPLE 1

[0042] An individual wears a sweat sensing device similar
to that depicted in FIG. 1 to measure their sweat cortisol
level on a once-daily basis. The device is configured to allow
multiple sampling events to occur naturally during the day,
if available, but must conduct at least one chronologically
assured sweat sample each day. The device is further con-
figured with skin impedance electrodes and sweat chloride
ionophore sensors to determine if a sampling event occurs.
If the individual goes through the majority of the day and the
device determines by a means like skin impedance, GSR, or
sweat chloride concentration, that no chronologically
assured sampling event has occurred, the device activates
the sweat stimulating component to ensure the required one
sampling event occurs.

EXAMPLE 2

[0043] A particular sweat sensor application requires four
sweat sampling events per day, at an interval of at least two
hours between sampling events. Using continual thermal
stimulation to support the application would be ineffective,
either because the body may adapt to the thermal stimulation
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by reducing the sweat response, because continuous thermal
stimulation would cause excessive skin irritation, or because
such stimulation would be an excessive drain on electronic
power or onboard stimulant resources. The sweat sensing
device could determine the sweat onset temperature directly
by skin impedance, or indirectly by room temperature, heart
rate, or other means. Alternately, the device may infer
through the individual’s behavior that they will soon reach
sweat onset, for instance, because the individual is taking a
walk. The device also measures when the skin under the
device is adequately close to sweat onset via skin tempera-
ture, GSR, skin impedance, or other means. Once the skin is
sufficiently close to the sweat onset, the device stimulates
sweat to allow a sweat sampling event to occur. The amount
of needed sweat stimulation varies widely, and by non-
limiting example could be 1 minute of carbachol iontopho-
resis, 1 minute of pulsed LED thermal stimulation, or 15
minutes or more of thermal stimulation. The device may
have access to, or may develop, a data profile on the
individual’s responsiveness to sweat stimulation techniques,
duration, intensity, amounts, etc., to determine the most
efficient sweat stimulation for the individual. The same
technique provides value for chemical or other stimulation
methods as well. This embodiment generally describes a
sweat sensing device that is opportunistic in terms of when
to stimulate, sample and sense sweat. Meaning, that it
initiates sweat stimulation when it will use the least
resources, and cause the least irritation to the wearer.

EXAMPLE 3

[0044] An individual wearing a sweat sensing device has
not yet provided adequate sweat sampling events to enable
a particular application. The device communicates to a smart
phone, which in turn alerts the user to do something to
increase proximity to sweat onset, or alternatively, the
device may initiate thermal or chemical sweat stimulation,
so that a sweat sampling event can occur. Both inducing
sweat directly and improving proximity to sweat onset
temperature are distinct embodiments of the disclosed
invention. The individual responds to the alert by taking a
brisk walk, turning up the room temperature, putting on a
sweater, drinking a cup of tea, or other means, to cause a
sampling event to occur, or to cause a sweat sampling event
to occur by acting in combination with other sweat stimu-
lation techniques. The individual may also orally ingest a
chemical sweat stimulant, or other drugs, e.g., pilocarpine,
or cevimeline. This embodiment generally describes a sweat
sensing device that allows both an opportunistic sweat
stimulation strategy, and a proactive sweat stimulation strat-
egy. Meaning, that it instructs the wearer to undertake
action(s) that improve their proximity to sweat onset, or
initiates artificial sweat stimulation.

EXAMPLE 4

[0045] Conversely, an individual’s sweat generation rate
may be too high for a particular application, for example, the
detection of a large molecule such as a cytokine (the high
sweat rate could make a target analyte very dilute, and thus
below sensor detection limits). The sweat sensing device
responds by alerting the user that they need to reduce
activity, cool themselves, or take other action to lower their
sweat generation rate, thereby allowing a meaningful sweat
sampling event to occur.
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EXAMPLE 5

[0046] For a particular application, a user is sufficiently
below their sweat onset so that the thermal stimulation
required to induce sweating would be of excessive intensity
or duration, for example, high enough to induce discomfort
or cause short or long term injury. To avoid discomfort or
negative health effects, the device applies thermal stimula-
tion in short pulses that stimulate sweat but do not raise the
time-averaged skin temperature sufficiently to cause nega-
tive effects. Infrared and visible wavelengths generally have
adequate absorption length into skin for thermal stimulation
by light, and light-emitting diodes are capable of rapid
pulsing. Scientific literature indicates that thermal nerve
stimulation to cause sweating is due to a dimensional
thermal gradient (d1/dz) or a temporal thermal gradient
(dT/dt), for which pulsed thermal stimulation is therefore
likely more effective per unit energy or average skin tem-
perature than constant thermal stimulation. See Jansen, E.,
“Optical stimulation of neural tissue,” Medical Bionics
Conference, Nov. 23, 2011,

EXAMPLE 6

[0047] A sweat sensing device with an exothermal chemi-
cal heat component is configured to stimulate sweat by
maintaining a local skin temperature between 100° C. and
106° C. (temperatures of 107° C. and above correlate with
medically-known dangerous fevers and tissue damage).
Raising the local skin temperature also increases capillary
blood flow to skin and increases the rate of solute diffusion.
As disclosed, therefore, thermal sweat stimulation has the
additional benefit of increasing the rate of biomarker parti-
tioning into sweat, which may allow shorter sampling inter-
vals or improved solute correlation between sweat and
blood.

[0048] This has been a description of the disclosed inven-
tion along with a preferred method of practicing the inven-
tion, however the invention itself should only be defined by
the appended claims.

What is claimed is:

1. A wearable sweat sensing device capable of smart
sweat stimulation, comprising:

at least one analyte-specific sweat sensor;

a component for measuring a sweat onset temperature;

and

at least one sweat stimulation component that facilitates at

least one sweat sampling event.

2. The device of claim 1, including a thermally insulating
component.

3. The device of claim 1, where the sensor has a first side
opposite skin and a second side adjacent to skin, and the
device further includes a heat source that raises the local skin
temperature by at least 1° Celsius, but to a skin temperature
no greater than 106° C.

4. The device of claim 3, where the location of the heat
source is one of the following: co-planar with the sensor;
adjacent to the sensor’s first side; and at least partially
encircling the sensor.

5. The device of claim 3, where the heat source is an
exothermic chemical reaction.

6. The device of claim 3, where the heat source is a light
emitting device.

7. The device of claim 1, further including a chemical
sweat stimulation source.
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8. The device of claim 3, where the heat source and the
sensor are fabricated on a common substrate.

9. The device of claim 3, where the heat source is
directional.

10. The device of claim 1, where the sweat onset tem-
perature is measured by at least one of the following: a skin
temperature sensor, a galvanic skin response sensor, an
accelerometer, and a skin impedance sensor.

11. The device of claim 6, where the heat source is at least
one LED.

12. The device of claim 6, where the heat source is at least
one laser.

13. The device of claim 9, where the heat source has a
solid cone angle of <45° for >50% of the emitted light.

14. The device of claim 9, where the heat source is chosen
from one of the following: an LED, and a laser; said heat
source being pulsed to stimulate sweat to a similar sweat
generation rate achieved by constant thermal temperature of
skin, but with an average skin temperature greater than or
equal to 100° C. and no greater than 106° C.

15. The device of claim 3, where the heat source main-
tains a local skin temperature near the at least one sensor
which is greater than or equal to 100° C. and no greater than
106° C.

16. The device of claim 1, further including a skin
numbing agent.

17. A method of measuring at least one analyte in sweat
with a sweat sensing device capable of smart sweat stimu-
lation, comprising:

applying a sweat sensing device to a wearer’s skin,;

scheduling a plurality of sweat sampling events that are

required for an application;
measuring the wearer’s sweat generation rate;
stimulating sweat if sweat generation rate is insufficient to
provide chronologically assured sweat samples for the
plurality of scheduled sweat sampling events; and

taking a plurality of chronologically assured sweat analyte
readings.

Dec. 29, 2016

18. The method of claim 17, where sweat generation rate
is determined by one of the following measurements: GSR,
skin impedance, skin conductivity, and concentration of at
least one sweat ion.

19. The method of claim 18, where the device determines
sweat onset temperature.

20. The method of claim 17, including: measuring the
wearer’s skin temperature and comparing the temperature to
a sweat onset temperature prior to stimulating sweat.

21. The method of claim 20, including: stimulating sweat
if the wearer’s skin temperature is proximate to the sweat
onset temperature prior to a time at which a sweat sampling
event is scheduled to occur, and sweat generation rate is
insufficient.

22. The method of claim 20, including: instructing the
wearer to increase skin temperature if the wearer’s skin
temperature is not proximate to the sweat onset temperature
prior to a time at which a sweat sampling event is scheduled
to occur, and there is sufficient time for the wearer to raise
the skin temperature proximate to or greater than the sweat
onset temperature.

23. The method of claim 20, including: stimulating sweat
if the wearer’s skin temperature is not proximate to the sweat
onset temperature prior to a time at which a sweat sampling
event is scheduled to occur, and there is insufficient time for
the wearer to raise the skin temperature proximate to or
greater than the sweat onset temperature, and sweat genera-
tion rate is insufficient.

24. The method of claim 20, including: instructing the
wearer to decrease skin temperature if the wearer’s sweat
generation rate is in excess of the sweat generation rate
needed to provide a sweat sample for a scheduled sweat
sampling event.

25. The method of claim 17, where the device bases sweat
stimulation, at least in part, upon a previous response to
sweat stimulation by the wearer.
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