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PATENT APPLICATION
SWEAT COLLECTING DEVICE
INVENTORS: BENNIS R. BRISCOE, BRYCE MCEUEN, AND RANDAL HOLMAN

BACKGROUND

Field of the Invention

The present invention relates generally to the vollection of human sweat for medical

gvaluation and is particularly directed to sweat collection devices.

Related Att

It is known that the concentrations of sodium and chioride are considerably above
normal in the sweat of individuals suffering from cystic fibrosis. Sweat testing is routinely
used to dlagnose cystic fibrosis, particularly in infants, where such testing is often done
between birth and about four weeks of age. In one method of sweat collection, as described
in U.S. Patent No. 4,542,751, incorporated herein by reference, sweating is induced ina
substantially flat area of skin by pilocarpine iontophoresis, usually performed using an
electrode with a substantially circular pilocarpine containing gel disc, as described in U.S.
Patent No. 4,383,529, incorporated herein by reference, and as manufactured by Wescor, Inc.
of Logan, Utah, as a Pilogel® Iontophoresis Disc, placed over the skin of the individual to be
tested where sweating is desired. A return electrode is placed on the skin near the electrode
with the pilocarpine containing gel disc and & voltage is applied between the elecirodes
ufficient to cause current flow through the pilocarpine containing gel disc and into the skin
hetwesn the electrodes. The pilocarpine molecules flow from the pilocarpine containing gel
disc through and into the skin area in contact with the pilocarpine containing gel disc. When
the pilocarpine iontophresis is complete, the electrodes are removed. The pilocarpine in the
circular skin area that was under and in contact with the circuiar pilocarpine containing gel
disc activate the sweat glands in that skin area so that sweating takes place in that skin ares.

After remaoval of the electrodes, a sweat collecting device known as the Macroduct®
Sweat Collector, manufactured by Wescor, Inc. of Logan, Utah, which has a concave
underside sweat-collecting surface of cireular cross section, is placed over the

fontophoretically-stimulated area on the skin and the device is firmly strapped in place,
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Sweat secreted by the individual's sweat glands flows between the skin and the concave
underside sweat-collecting surface of the sweat collecior and info a micro bore sweat
collector tube. After a sufficient volume of sweat has accumulated in the sweat collector
tube, the sweat i3 expelied from the tube and tested for chloride, sodium, and/or total
electrolyte content.

While the prior art Macreduct® Sweat Collector described in the above referenced
Patent Mo, 4,542,751 works well in cnllecting sweat from infants for most testing currently
being done, producing and collecting enough sweat for some testing is sometimes a problem,
Sweat for sweat testing is usually collected from the arm or leg of the patient being tested.
Because of the small width of an nfant’s arm or leg, particularty when four weeks or less of
age, the diameter, and therefore the cross sectional area, of the circular cross section of the
iontophoresis ereating electrode and the circular cross section of the swest-coliecting surface
of the saweat collector are limited by the widib of the arm or leg. This limits the size of the
area of the infant from which sweat can be produced and then collected by the sweat

collector.

SUMMARY OF THE INVENTION

1t has been found that by elongating the circular cross section of the concave

underside sweat-collecting surface of the Macroduct® Sweat Collector, the sweat-collecting
surface of the sweat collector will have a larger overall cross sectional area to thereby collect
more sweat in a given period of time than does the prior art circular cross section concave
undersurface and will still fit the geometry of small limbs of infants. By elongating the
circular cross section of the concave underside sweat-coliecting surface, the width of the
sweat-collecting surface is not increased so as to still fit within the width of the infant’s arm
or leg, while the length of the sweat-coliecting surface along the length of the arm or leg is
increased, but since the length of the arm or leg is normally greater than the width of the arm
or leg, will still comfortably fit on a substantially flat portion of the arm or leg. However,
increasing the cross sectional area of the sweai-collecting surface of the sweat collector will
increase the amount of sweat collected only if sweat is being produced by the increased area
of the skin covered by the increased area of the sweat-collecting surface. Therefore, when g
pilocarpine fontophoresis system is being used to produce the area of sweating, such system

has to produce sweating in the increased arca of sweat collection. [f'the pilocarpine
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iontophoresis system of the referenced Patent No. 4,383,529 is used in conjunction with the
sweat collector of the invention, the electrode with the pilocarpine containing gel disc and the
pilocarpine containing gel disc used should have an elongated cross sectional configuration
and area at least about equal to the clongated cross sectional configuration and area of the
sweat-collecting surface of the sweat collecior, When using a sweat collector with the
clongated sweat-collecting surface, a similarly elongated pilocarpine containing disc will be
used for the pilocarpine iontophoresis so that sweating is induced in substantially all of the
skin covered by the sweat-collecting surface of the sweat collector.

Thus, according to the invention, a sweat collection device for application to a
substantially flat area of the human body comprises a solid body having a face thereof
forming an elongate concave sweat-coliecting surface which gradually recedes from a rim
lying wholly in a comman plane to an axia! bore that extends to the oppasite face of the solid
body, the maximum depth of the concave means being such that the skin and flesh of the flat
area of a human body to which the device is applied will bulge into contact with the sweat-
collecting surface over substantially the entire area thereof when the rim is placed firroly
against the skin of the flat area of the human body, leaving substantially no dead space inthe
interfice beiween the bulged skin and the sweat-collecting surface, whereby bndy seoretion
pressure of sweat will force the swest along the sweat-collocting surface to and through the
axial bore, The sxial bore is adapted to connect with a length of flexible, sweat collector
tubing at the opposite face of the solid body, and the solid body is adapted to he fastened
against the flat area of a human body from which sweat is o be collected so as to maintain
firm placement of said rim and sweat-collecting surface against the skin. The rim may be
elfiptical in circumference o form an elliptical shaped sweat-coliecting surface

In further improving the prior art device, the free open end of the sweat colleclor
tubing may be flared to more easily receive s small syringe or blunt nesdle for use in removal
of sweat from the sweat collector tubing. Alternately, s guide passage may be provided in the
sweat collector body to extend through the body from the chamber for receiving the flexible
sweat collector tubing 1o outside the sweat collector body. The entrance to the guide passage
from outside the bady provides a guide opening to receive the end of a small syringe or bluot
nesdle and the guide passage will guide the end of the syringe or needle injo the open end of
the sweat collector tubing. The guide opening can be tapered to more casily receive the end

of the gyringe or needie therein,
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Further, since the inside diameter of the sweat collector tubing which is usuaily
formed by extrusion is subject to small variations within the manufacturing tolerance for the
tubing, the volume of sweat collected within a fixed length of the tubing is subject to small
variations. Therefore, the collector tubing or device holding the eollector tubing may be

§  marked to indicate when sufficient sweat has been collected for the desired tosting. Such
indication, in addition to indicating when a sufficient amount of sweat has definitely been
collected taking into account the potential variations in the extruded cross sectional area of
the tubing, can also identify the range of volume of sweat collected in the collector tube that,
taking ints account the potential variations in the extruded cross sectional area of such tubing,

10 may be sufficient for testing, or may not be sufficient for testing.

In addition, an improved system for strapping the sweat-collecting device in place
against the skin of a person from whom sweat is to be collected provides a stretchable strap,
such as an elastic strap, the ends of which are passed through strap receiving slots in the body
of the device and are then doubled back and positioned so that a projection associated with

i3 each siot extends through a selected receiving hole of a plurality of receiving holes in the end

portion of the strap. [n selecting the receiving hole in the sirap through which the projection
is passed, the strap is stretched o a desived extent to provide a desired tightness of the device
against the person’s skin, The projections can extend outwardly from opposite sides of the
body aligned with the grooves so the ends of the strap can be easily positioned around a

20 respective projection.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional features and advantages of the invention will be apparent from the detailed

description which follows, taken in conjunction with the accompanying drawings, which

g
A

together illustrate, by way of example, features of the invention; and, wherein:
FIG. 1, is a pictorial view of the sweat collecting device of the invention showing the
device secured io the forearm, shown fragnientarily in broken lues, of a patient;
FIG. 2, a top plan view of the device of FIG, 1;
FIG. 3, a vertizal section taken on the line 3-3 of FIG. Z;
0 F1(G. 4, a bottom plan view of the device of FHG. {§
FI(3. 5, a fragmentary top plan view of the lower right band portion of the receiving

recess for the sweat collector tubing in the sweat collecting device showing sweat collector
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tubing coiled therein, and showing markings oo the sweat collector tubing to show a range of
volume of sweat collected in the sweat collector tubing;

FIG. 6, a fragmentary top plan view of the lower right hand pottion of the receiving
recess for the sweat collector tubing in the sweat collector device showing sweat collector
tubing coiled therein similar to FIG. 5, but showing markings on the sweat collector body to
show a range of volume of sweat collected in the sweat collector tubing;

FIG. 7, a fragmentary top plan view of the lower right hand portion of the receiving
recess for the sweat collector tubing in the sweat collector device showing sweat collector
tubing coiled therein similar to FIG. 5, but showing markings on a cover over the receiving
recess to show a range of volume of sweat collected in the sweat collector tubing;

FI(. 8, a fragmentary longitudinal section of the open end portion of the sweat
collector tubing showing how the open end of the sweat collector tubing may be flared for
easy insertion of a small syringe or blunt needle for use in removal of sweat from the
cotlector wibing;

FIG. 9, a fragmentary longitudinal section of the open end portion of the sweat
coilector tubing similar to that of Fig. § showing an insert in the open end of the sweat
collector iubing providing the flave for easy nsertion of & small syringe or blunt needle;

Fi63. 10, a pictorial view of a further embodiment of the sweat coliecting device of the
invention including a guide passage extending from the open end of the sweat collector
tubing positioned in the device to the outside of the device for guiding the end of a small
syringe or blunt needle into the end of the sweat collector tubing, and showing a stighily
different shape for the body of the device;

FIG. 11, a pictorial view, similar to that of FIG. 1, of a further embodiment of a sweat
collecting device of the invention secured to the forearm, shown fragmentarily in broken
lines, of a patient, and showing a different device configuration and attachment arrangement
o the arm; and

FIG. 172, a fragmentary view of the slot and perimeter edge of the backing plate as
shown in PIG. 11 in fine with FIG. 12, but without the sitrap attached thereto.

Reference will now be made to the sxemplary embodiments {Hustrated, and specific
language will be used berein to deseribe the same. [t will nevertheless be understood that no

fimitation of the scope of the invention is thereby intended.
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DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

in the illustrated example embodiment as shown in FEGS. 1-4, similarly to the sweat
cotlector shown in referenced prior art Patent No. 4,542,751, the device of the invention
comprises a sweat collector body 9 advantageously molded to shape from a suitable plastic
maierial, such as polyethvlene or polystyrene, and including a sweat collecting portion 10
projecting integrally from a back portion formed as a backing plate T provided with slot-like
openings 12 at opposite sides thereof for the reception of straps 16 constituting means for
attaching the device to a person. However, sweat collecting portion 10 projecting integrally
from backing plate 11, rather than being of disc formation as in Patent No. 4,542,751, is of
elongate formation with the axis of elongation being substantially parallel to the slot-like
openings 12.

The face of sweat collecting portion 10 has a shallow concavity 13 whose rim i4 lies
wholly in a common plane and which is defined by a broad, sweat-collecting, concave
surface 15. Concavity 13 is of squat formation, having a broad base and very short altitude.
Rim 14 of concavity 13 may include a flat peripheral width around the concave surface 15 or
may merely be the edge of the concave sweat-coliceting surface 135,

Such concave face of sweat-collectng portion 10 is adapted 1o be placed and heid
firmiy against the surface of a patient's skin by a size-adjustable strap 16, whose ends are
secured in slots 12, A coiled length of flexible, sweat-collector fubing 17 is shown as having
one of s ends fitted into or otherwise connected to an axial bore 18, which extends axially
through the body poriion 10 and communicates with coneavity 13 al the apex of concave,
sweat-collecting surface 15. The other end of sweat-collector tubing 17 is normally open to
allow air to escape as sweat flows into the tubing.

In the illustrated embodiment, provision is made for retention of sweat-collector
wbing 17 in compacily cotled form in the back of the sweat collector body 9 by recessing
backing plate portion 11 in the form of a circular receiving chamber 19 overlying a portion of
sweat-collecting surface 15, Sweat collector tubing 17 is eoiled in flat spiral formation and
placed in the receiving chamber 19,

Sweat is generally collected from the fleshy underside of a patient’s forearm or from
the tleshy portion of the patient's inner thigh. Fig, | shows the sweat collector secured to 8

patient’s forearm 20, For convenient application to the limb, strap 16 is can be provided as
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twi separate fengths with means for adjustment, such as by having mating pieces of hook and
loop fastener material, such as "Veloro®, applied to overlapping ends thereof. When the
device is in place on a patient's skin, the skin and underlying flesh bulge into the concavity 13
against sweat-collecting surface 15,

Prior to placing the device on a patient’s skin, the skin over which the device is to be
placed is treated to induce sweat production. This treatment will usually be with an
iontophoretic elestrade, ie., an electrode containing an ionic drug source, such as pilocarpine,
placed against the skin to be treated, with a second return electrode placed against the skin
near the iontophoretic electrode so that when a voltage is applied between the electrodes, a
current will pass through the skin between the electrodes causing the ionic pilocarpine drug
molecules to migrate through the skin in contact with the iontophoretic electrode. Such an
iontophoretic electrode may be as shown in referenced prior art Patent No. 4,383,529 with the
ionic drug source being a pilocarpine containing gel disc as disclosed in that patent. Afier
fontephoresis is completed, the electrodes are removed and the consave sweat-collesting
surface 15 of the sweat collecting device is placed over the skin where the jontophoretic
clecirode had been. The pilocarpine under the skin stimulates the sweat glands to produce
swoat for an extendad period of time which sweat is then collected by the sweat collecting
device. However, for use with the sweat collecting device of the current invention, the
iontsphoretic electrode fncluding the preformed pilocarpine containing gel disc will have
substantiaily the same slongated shape and size as the shape and size of the elongated sweat-
collecting surface of the sweat collecting device of the current invention.

The concavity 13 backed by the concave, sweat-collecting surface 15 §s so shallow as
to place the area of skin covered thereby in contact with the sweat-collecting surface 15 over
substantially the entire area of the sweat—collecting surface 15 without leaving dead space. In
this way, sweai, under the pressure at which it is secreted from the sweat glands, is able to
rapidiy travel across the interface of the skin and collecting surface 1§ toward, into, and
through axial bore 18, 50 that substantially all of the sweat is collected in the flexible sweat-
collector tubing 17. Fressure of the collecting surface and rim of the device against the skin
should be only that which will effect firm placement against the skin. Hxcessive tightening of
strap 16 is neither necessary nor desirable. Four symupetrically positioned, relatively short

and outwardly tapered, radial ribs 22 formed intogrally with sweat collector body ¥ protrude
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into coneavity 13 as barelers 1o soft skin and flesh blocking the entrance to axial bore {8,
Rather than protruding ribs, recesses could be similarly provided for the same purpose.

n the embodiment Hustrated, a maximum width of the elongate open base of
concavity 13 of twenty-seven {27) millimeters and length of about forty (40) rillimeters,
with a depth of about one {1} millimeter at the apex, Le. for the altitude of the clongate squat
formation, has been found 1o be satisfactory, along with collector tubing 17 having an inside
diameter of about 0.86 millimeters. While these measurements are satisfactory, the
measurements can vary. For example, the concavity could have a depth or altitude
substantially in the range of from about onc-half (0.5) millimeter to about one and three-
quarters (1.75) millimeters, a width substaniiaily in the range of about fifteen (13} millincters
to about thirty five (35) millimeters, and a length substantially in the range of about twenty
(20) millimeters to about seventy (70) millimeters, with a length-to-width ratio from about
one and three-tenths (1.3) to about two {2}, The important considerations in determining
dimensions are that the depth or altitude should be small enough to prevent significant dead
space between the sweat-collecting surface and the bulged skin, that the width is small
enough to fit the width of the limb of the expected patient, such as a new born infant between
birth and about four weeks of age, and the length is great enough to provide a sweat-
collecting surface area that, in most cases, will easily produce enough sweat for valid sweat
testing within the time of expected induced sweat production, usual no more than about thirty
minutes. While various elongated shapes can be used, it is believed that a shape having
curved rather than straight lines, such as an elliptical shape, will provide better sealing around
the rim of the sweat-collecting surface.

In use of the device having the example dimensions indicated above, it has been
found that about one minute elapses from the time the device is strapped onto an area of the
patient's skin that has been stimulated by iontophoretic application of pilocarpine, until sweat
appears in collector tubing 17. Once sweat appears, it is possible to see the meniscus of
sweat advance in the tubing. If desired, markings may be provided to indicate the
approximate volume of sweat coliected. However, sinee the inside diameter of the sweat
collector tubing which is usually formed by extrusion is subject to small variations within the
manufacturing tolerance for the tubing, the volume of sweat coliected within a fixed length of
the tubing is subject to small variations. Therefore, It is not usually possible to provide a

raark on the tubing that will indicate the volume of sweat actually collected within the
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accuracy required for sweat testing for cystic fibrosis within the standards of the Cystic
Fibrosis Foundation. The volume of sweat tested from the volume of sweat collected will
need to be measured by more accurate means, such as by weighing. However, the sweat
sollector tubing or the device holding the sweat collector tubing may be marked to identify
the range of volume of sweat collected in the sweat collector tubing which will provide a
sufficient minimum sample of sweat for sweat testing when taking into account the potential
variations in the extruded cross sectional area of such tubing.

Typically, a volume of about eight or more microlifers of sweat is required for
analvsis by titration or ¢lectrical conductivity methods. However, it is desirable to collect an
excess of aweat for ease in handling and (0 allow the analysis to be repeated so as to average
out any deviation in salt concentration caused either by variations in the amount of salt
contained in various portions of the excrated sweat or by external factors. Further, itis
important that the sweat collected is exoreted by the body at 3 minimurm rate to provide
reliable cystic fibrosis dlagnostie results uader Cystic Fibrosls Foundation guidelines. Under
current Cystic Fibrosis Foundation guidelines this rate is at least 1 gm/m*min. This
minimum collection rate will produce fifteen microliters of sweat in thirty minutes for a
collection area of five cm? and proportionately more or less for larger or smaller collection
areas.

In order to ensure enough sweat is obtained and that it is obtained at least at the
minimum rate, it is advantageous to provide an indication when a minimum desirable volume
of sweat, such as, for example, fifteen microliters of sweat, has been obtained in the sweat
collector tubing. As indicated, the inside diameter of the sweat collestor tubing, which is
usually formed by extrusion, is subject to small variations within the manufacturing tolerance
for the tubing so the volume of sweat collected within a fixed length of the tubing is subject
to small variations (the volume of sweat collected is determined by the area of the inside
collector tubing passage, determined by the inside diameter of the tubing, times the length of
the tubing containing sweat). However, the tolerance of the inside diameter of the tubing is
usually known. Therefore, using the minimum inside diameter that might be present within
the manufacturing tolerance of the tubing, the maximum fength for the minimum desired
volume of sweat to be collected in the tubing can be determined, and marked, for example,
mark 30 on the collector tubing 17 in FIG. 5. When sweat has been collected to this mark 30

indicating collection to maximum length of tubing necessary io provide the miniroum desired
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volume of sweat, it is ensured that regardless of the variation of the diameter of the tubing
within manufacturing tolerances, the minimum desired volume of sweat has been collected
and collection can stop. The maximum inside diameter of the sweat collector tube that might
be present within the manufacturing tolerance of the tubing will provide the miniroum length
for a set volume of sweat o be collected in the tubing, such as the minimum desired vohime
of sweat, and can be detormined, and marked, for example mark 31 o the tubing 17 in FIG,
5. This will provide two markings, such as markings 30 and 31, along sweat-collector tubing
17 as shown in FIG. 5. Ifthe sweat coliected has not reached the minimum length indicated
by mark 31, the minimum volume of sweat has definitely not been collected. [fthe sweat
coliected in the tubing is between the marks 30 and 31, the minimum volume of sweat may
have been collected depending upon the inside diameter of the collector tube. Further
measurement of the volume of sweat is necessary to determine the actual volume of sweat
collected.

As indicated, a maximum sweat collecting time is usually observed during most sweat
collecting procedures, such as a maximum sweat collecting time of thirty minutes. This
maximum time is usually determined by the minimum amount of sweat that has to be
collected, the time required at the minimum sweat excretion rate to obtain the minimum
amount of sweat, and the maxirnum iime that induced sweating will usually produce at least
the minimum desired rate of sweating, For example, if the maximum sweat collecting thme i3
thirty minutes, and during that time sweating at the minimum rate of 1 gm/m¥min will
produce a vohume of coliected sweat in the tubing of fifteen microliters, mark 31 on tubing 17
in FIG. 5 may be positioned to represent a collested volume of sweat of fiffeen microliters if
the juside diameter of the tubing is at maxirsum alowable tolerance and mark 30 may be
positioned to represent a coliected volume of sweat of fitteen microliters if the inside
diameter of the tubing is at minimum aliowable tolerance. Duting use of the device 1o collect
sweat, the concave face of sweat-collecting portion 10 of the device is placed and held firmly
against the pilocarpine-treated surface of the patient's skin, such as by size-adjustable strap
16, Timing of the sweat collecting perind is immediately started. The progression of the
sweat collection can be watched as the leading edge of the collected sweat moves along the
sweat-collector tubing. With the marks 30 and 31 positioned as in the manner described
above, if the collected sweat moves beyond the mark 30 within the sweat collecting period, it

is known that enough sweat has been collected af greater than the mintmum collection rate
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and sweat collection can be stopped at any time. As long as the sweat collected reaches mark
30 within the sweat collecting period, it is know that enough sweat has been collected at the
miinimurm excretion rate. If the collected sweat has not reached mark 31 within the sweat
collecting period, it is known that the desired amount of sweat has not been collected and that
sweating has not been maintained at the minimum rate during the collection pericd. In such
case, it is generally necessary to redo the sweat collection procedure to provide the necessary
amount of sweat for acceptable cystic fibrosis testing. [f the collected sweat is between
marks 30 and 31, it is not known whether or not a sufficient amourt of sweat has been
collected and the detormination of the actual amount of sweat coilected, which is generally
measured a3 part of the testing procedure, will determine whether snough sweat was obtained
or whether the sweat collection procedure has to be redone.

Rather than providing the marks 30 and 31 on the sweat-collecting tubing itself,
marks may be provided on the device casing in any location where the desived indication of
amount of sweat cotfected can be determined. For example, marks 32 and 33 may be
provided on the back of the back portion 11 adjacent the circular chamber 19 as shown in
FIG. 6 to provide a similar indication as marks on the tubing would provide. In the case of
marks 32 and 33 in Fig. 6, which shows the same tubing arrangement as shown in Fig. 5, a
user would know that the marks 32 and 33 apply to the position of the leading edge of the
sweat in the next to the last coil of the tubing coil.

Alternately, where a cover is provided for the chamber 19, such cover 36 being shown
in FIGS. 3 and 7, markings 38 and 39, FIG. 7, can be provided on cover 36 over the position
of coiled collector tubing 17 to mark the positions similarly as they are shown on the tubing
in FIG. 5. With markings 38 and 39 on cover 36, the cover can include a slot, not shown, to
interface with tab 42 on back portion 11 so that cover 36 can only be mounted on back
porticn 11 in one orientation to ensure that the markings 38 and 39 are properly positioned in
relation 1o the colled sweat collector wbing 17.

With any of the markings described, a red area or other marking can be included
between the minimum and maximum marks to remind a used that when the sweat coliection
ends between those marks, further measurement of the volume of sweat collected is necessary
to determine if the minimum volume of sweat has actually been collected.

Once the sweat has been collected in sweat collector tubing 17, the collected sweat

has to he removed from the tubing and discharged for measuring a volume for testing and for

i
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actual testing of chloride, sodium, and/or total electrolyte content. Gengrally, in order to
remove the sweat from collector tubing 17, collector tubing 17 is disconnected from axial
bore 18, either by pulling it free or by severing it at its emergence from such bore. 1t should
be noted that there is a tendency for a vacuum to form between the sweat collecting surface
5 15 and the skin, so, if the strap 16 is loosened and the device removed with tubing 17 still
connected, sweat may be inadvertently withdrawn from the collector tubing and deposited
back on the skin. Thus, it is important that the tubing 17 be removed first.
The sweat collected in flexible collector tubing 17 may be expelled or withdrawn and
tested in any convenient way. In a commonly used way of expelling the sweat from the

10  sweat collector tubing of the device of referenced Patent No. 4,542,751, a small syringe or
blunt hypodermic needle is inserted into the open end 44 of the sweat collector tubing 17 and
the tubing 17 is then cut where it connects to axial bore 18. As indicated, this is done prior to
removing the device from the skin (o prevent suction that may be created during removal of
the device from the skin from drawing sweat out of the sweat collector tubing. The sweat can

15 then be forced from the tubing for measurement and festing. i has been found difficuit with
the device of referenced Patent No. 4,542,751 for some users to be able to insert the smail
syringe or blunt needle into the open end 44 of the sweat collector tubing 17. The current
invention can provide a flared open end 46, FIG. 8, to allow the small syringe or blunt needle
to be more easily inserted info the flared open end 46 of sweat collector tubing 17.

2(0 Alternatively, as shown in FIG. &, the open end of the sweat collector tubing 17 can be
provided with a flared lnsert 48 or other fitting to allow the small syringe or blunt necdle to
be more casily inserted jnto or otherwise connected fo the free end 48 of sweat-collector
tubing 17,

In g further embodiment shown in Fig. 14, a guide passage 30 is provided in sweat

collector bady 9 extending through the body from the sweat collector tubing receiving

N2
(o]

chamber 19 to outside the sweat collector body 9 to guide insertion of a small syringe or
blunt needle into the open end 44 of the sweat collector tubing 17, With such arrangement,
the end 44 of sweat colleator tubing 17 is positioned in sweat collentor tubing receiving end
32 of the guide passage 50 with the opposite, guide end 54 of the guide passage 50 opening to
30 the outside of the collector body 9. The guide end 34 can be tapered, as shown, The end of a
sweat colfocting needie 36, such as a small syringe or blunt needle, can be easily nserted jolo

the guide end 54 of guide passage 50, particularly if the guide end is tapered, and easily
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pushed through the guide passage 50 into the open end 44 of mibing 17, which is held in
sweat coligctor tubing receiving end 52 of the guide passage 50. The guide passage can be an
open passage as shown, or can be a closed passage. The use of an open passage allows easier
insertion and removal of the sweat collector tubing. Again, when sweat collecting needle 56
has been inserted into the end 44 of tubing 17, the tubing should be cut where it connects to
axial bore 18 to aliow sweat coliector tubing 17 to be removed from receiving chamber 19
and the sweat in sweat collector tubing 17 to be removed from the tubing. While Fig, 10
shows a stightly different shape for collector body 9 than shown in the earlier Figs., this
rwerely liostraies that various body shapes can be used for the device. The particular body
shape of Fig. 10 is not necessary for use of the fustrated guide passage.

A satisfactory procedure for removal of the sweat from sweat collector tubing 17
when using the guide passage is that once the sweat has been collected in tubing 17, if a
protective cover 36 is in place over the receiving chamber 19, remove the protective cover.
Insert the sweat collecting needle 56 into tapered end 54 of guide passage 50 and through
guide passage 50 into the open end 44 of the sweat collector tubing 17. Guide passage 50
helps in registering the needle correctly with the inside of sweat collector tubing 17. it'the
sweat hasn'l reached the open end 44 of the sweat eollestor tubing 17 where the needle is
inserted, the sweat can be drawn slightly back so that the column of sweat is in the middie of
the coiled sweat collector tubing 17 with an air gap at the outer and inner ends. Lift the sweal
collector tubing end 44 with the needle {this requires an open guide passage as illustrated)
and uncoil the tubing from the collector chamber 19. Clip or cut the tubing near where it
extends from the axial hore 18 of the collector body 9. Transfer the sweat sample from the
sweat collector tubing 17 1o a sealable container for transfer to the testing site, or transfer the
sweat sample directly to sweat testing apparatus when such sweat testing apparatus is
immediately available for use.

While the guide passage feature of Fig. 10, the flared open tubing end features of
Figs, 8 and 9, and the inclusion of markings indicating volume of sweat collected in the sweat
collector tubing as shown in Figs. 3, 6, and 7 are all shown in this application in connection
with the clongated sweat-collecting surface, such foatures can be used with the prior art sweat
cotlectors as well.

A further embodiment of the device of the invention is shown in Figs. 11 and 12. In

the embodiment as shown in Figs. 11 and 12, an elliptical swest collecting portion 60 projects
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from backing plate 62 which includes slots 64 ln opposite backing plate side portions 66.
Backing plate 62 includes outside perimeter edges 68 on opposiie sides of the elongate axis
of the eiliptical sweat collecting portion 60 which are shown as substantially parallel with the

slots 64 and the longitudinal axis of the sweat collecting portion. Frojections 70 extend

(@

outwardly from the opposite outside perimeter edges 68, The projection 70 on each side of
the backing plate 62 is considered and descsibed as being the projection associated with the
slot near that edge such as shown in Fig. 12, Thus, Fig. 12 shows a slot and a projection
associated with the slot, o the embodiment shown, the projections include a neck portion 72
and enlarged ball portion 74, Fig. 12, The device is attached to a pationt body portion such as
1¢ anarm or leg, shown in broken fines in Fig. 11 as arm 76, by a stretchable attachment strap
78. Strap 78 may be made of an elastic material, such as a non latex elastic material to avoid
allergic reactions with the skin of the lireb to which it is attached, aithough other stretchable
materials can be used, and includes a plurality of holes 80 in cach end portion 82 thereof.

The end portions 82 of the strap 78 are passed through respective opposite slots 64 and

stretched so that a selected hole 80 in each end portion 82 can be positioned over a projection

[y
(41

70. With the particular projections 70 shown, ball portion 74 is passed through a selected
hole 80, stretching the hole as it goes through. Tn this way, the strap 78 is attached o
projection 70 with the neck 72 passing through the hole and ball 74 keeping the strap attached

arojection 70 by the user pulling the strap

Iy

to the projection until it is manually removed from
20 to stretch the hole again as it is pulled over ball 74 from the projection 70. By using a
stretchable strap and being able to select the boles through which the projections extend, it is
possible to achiove a desired tightness of the device against the skin and to better equalize the
pressure on each side of the device against the body, While three holes are shown on the end

partion of the strap in Fig. 11, more holes closer together will generally be provided to

b
Lh

provide more adjustability to the attachment pressure of the device.

Also as shown in Fig, 11, with the particuiar ernbodiment shown, two open fop guide
passages 88 are shown extending through the body from the chamber which receives and
holds the flexibie sweat collecting tubing to the outside of the device. These guide passages
are as deseribed for the embodiment of Fig. 10, However, the provision of the two passages
0 in the embodiment of Fig. 11 provides more flexibility in being able to adjust the length of

the sweat collecting tubing so that the open end of the sweat collecting tubing will fit into the

,,.,,
Lok



ih

WO 2014/145904 PCT/US2014/030754

tubing receiving opening of the guide passage. Fig. 11 also shows a cover 90 over the
chamber which receives and holds the flexible sweat eollecting tubing.

While the foregoing examples are Hlusirative of the principles of the present invention
in one or more particular applications, it will be apparent to those of ordinary skill in the art
that nurmercus modifications in form, usage and details of implernentation can be made
without the exercise of inventive faculty, and without departing from the principles and
concepts of the invention. Accordingly, it is not intended that the invention be limited,

¥

except as by the claims set forth below,
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CLAIMS

1. A sweat-collection device for application to a substantially flat area of the human
body, comprising a solid body having a face thercof forming an glongaie concave sweat-
collecting surface which gradually recedes from a rim lying wholly in a common plane to an
axial bore that extends to the opposite face of said solid body, the maximum depth of said
concave sweat collecting surface being such that the skin and flesh of said flat area of a
human body to which the device is applied will bulge into contact with sald sweat-colfecting
surface over substantially the entire area thereof when said rim is placed fumly against the
skin of said fat area of the human body, leaving substantially no dead space in the interface
between the bulged skin and said sweat-collecting surface, wheteby body secretion pressure
of sweat will foree said sweat through sald interface to said axial bore, sald axial bore being
adapted to connect with a fength of flexible, sweat collector tubing at said opposite face of
the solid bodv, and said selid body being adapted to be fastened against the said flatarea of a
human body 50 as to maintain firm placement of sald rim and sweat-collecting surface against
the skin.

2. A sweaat-collection device according to claim 1, wherein the solid body icludes a
portion of elongate formation having an elongate axis which projects fron a portion formed
as a backing plate; and wherein there are means in or on said backing plate for removably
receiving an attachment strap.

3. A sweat-collection device according to claim 2, wherein the means in said backing
plate for removably receiving an attachment strap are slots through the backing plate on
opposite sides of the elongate axis with slot axes substantially parallel to the elongate axis.

4. A swest-collection device in accordance with claim 1, wherein barrier means arg
provided at the entrance of the axial bore for preventing vnusually soft skin and flesh from
protruding into said axial bore.

5. A sweat-collection device in accordance with claim 1, having the opposite face of
the solid body recessed as a receiving chamber for receiving flexible sweat collector tubing
when connected to the axial borg and coiled in flat formation.

6. A sweat-collection device in accordance with claim §, including a length of
flexible collector tubing having opposite ends and normally connested at one end to the axial
bore for collecting sweat therefrom and normally cotled in a flat, spival formation within the

receiving chamber, said opposite end being open, whereby, as sweat is collected by the sweat
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soliscting device and flows into and through the axial bore, the sweat flows into and collects
in the sweat collector tubing, the advancement of the collected sweat being visible as it
advances in the collector tubing from the axial bore toward the open end,

7. A sweat-collection device in accordance with claim 6, wherein the open end of the
collector tubing is flared,

8. A sweat-collection device in accordance with claim 6, wherein the open end of the
collector tubing includes a flared insert.

9. A sweat-collection device in accordance with claim 6, wherein a minimum volume
of sweat is to be collected by the device, wherein the colfoctor tubing has a langth and an
inside diameter, wherein the volume of sweat collected within the collector tubing is
dependent upon the length of collected sweat within the tubing extending from the axial bore
toward the open end, and additionally including a marking positioned with respect to the
collector tubing and to the sweat advancing in the collector tubing to be indicative of having
collected the minimum volume of sweat within the collector tubing.

10. A sweat-collection device in accordance with claim 9, wherein the inside
diameter of the collector tubing can vary over a manufacturing tolerance between a known
maximum diameter and a known minimum diameter whereby the volume of sweat collected
within a given length of collector tubing is not aceurately detarmined and can vary between a
minimum given fength volume determined by assuming the minimum diameter is prosent
over the entire given length and 2 maximum given length volume determined by assuming
the maximum diameter is present over the entire given length, and wherein the marking e
positioned with respect to the collector tubing and to the sweat advancing in the collector
tubing to indicate when the sweat advancing in the sweat collector tubing reaches a given
length of collector tubing wherein the minimum volume of sweat to be collected is equal to
the minimum given fength volume therchy ensuring that at least the minimum veolume of
sweat 1o be collected has been collected,

11. A sweat-coliection device in accordance with claim 10, wherein the marking is
positioned on the coliector tubing.

12, A sweat-collection device in acsordance with claim 10, wherein the marking is on

the sweat collection device.
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13. A sweat-collection device in accordance with claim 12, wherein the sweat
collection device includes a cover over the receiving chamber and the marking is on the
COvEr.

14, A sweat-collection device in accordance with claim ¢, wherein the inside
diameter of the collector tubing can vary over a manufacturing tolerance between 8 known
maximum diameter and a known minimum diameter whereby the volume of sweat collected
within a given length of collector tubing is not accurately determined and can vary between a
minimum given length volume determined by assuming the minimum diameter is present
over the entire given length and a maximum given length volume determined by assuming
the maximum dismeler is present over the entire given length, and wherein the marking
indicates a range and is positioned with respect to the collector tubing and to the sweat
advancing in the collector tubing to indicate at a lower end of the range when the sweat
advancing in the sweat coliector tubing reaches a given length of collector tubing wherein the
minimum volume of sweat to be collected is equal to the maximum given length volume and
to indicate at the upper end of the range when the sweat advancing in the sweat coliector
tubing reaches a given length of collector tubing wherein the minimum volume of sweat to be
collected is equal to the minimum given length volume, wherein when the collected sweat
enters the range and is within the range, the minimurm volume of sweat 1o be collected may
have been collected, but such collection is not ensured, and when the collected sweat reaches
the top of the range, eollection of the minimum volume of sweat to be collected is ensurad.

15. A sweat-collection device in accordance with claim 14, wherein the marking is
positioned on the collector tubing.

16. A sweat-collection device in accordance with claim 14, wherein the marking is on
the sweat collection device.

17. A sweat-collection devise in accordance with claim 16, wherein the sweat

collection device includes a cover over the receiving chamber and the marking is on the

18. A sweat-collection device in accordance with claim 6, wherein the solid body
additionally includes a guide passage extending through the solid body from the chamber to
outside the solid body, said guide passage having a flexible sweat collector wbing receiving
end adjoining the chamber for receiving and holding the open end of the sweat collector

wbing coiled in the chamber and a guide end opening to cutside the solid body, said guide

i8
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sud adapted to receive a sweat collecting needle o be guided by the guide passage into the
open end of the sweat collector tubing received in the sweat collector tubing receiving end of
the guide passage.

19, A sweat-collection device in accordance with claim 18, wherein the guide end of

5 the guide passage is tapered.
20. A sweat-collection device in accordance with claim 3, additionally including a
projection sssociated with each slot whereby an end of the attachment strap Is passed through
a slot and attached to the device by positioning the end of the strap passing through the slot so
that the associated projection passes through a hole through the strap.
10 21. A sweai-collection device in accordance with clalim 20, wherein the backing plate

includes outside perimeter edges on opposite sides of the elongate axis and wherein the
projection sssociated with sach slot entends sutwardly from respective opposite outside
perimeter edges of the backing plate.

22, A sweat-collection device in accordance with claim 21, wherein each slot and

15 associated projection are arranged so that an end of the steap after passing through a
respeetive slot is doubled back over the respeotive outside perimeter edge of the backing plate
and positioned so that the projection projecting outwardly from the respestive outside
perimeter edge of the backing plate extends through the hole through the strap to stiach the
strap 1o the device.

20 23. A sweat-collection devise in accordance with claim 22, wherein sald cuiside
perimeter edges on opposite sides of the elongate axis are substantially parallel with the
giongate axis.

24. A sweat-collection device in accordance with claim 22, additionally including a

stretchable attachment strap having a plurality of holes in opposite end portions thereof with

25 said strap being adapted to be positioned so that a respective projection extends through a
selected one of the holes at each end of the strap to thereby adjustable attach the sirap to the
device.

25, A sweat-collection device in accordance with claim i, wherein the elongate
concave sweat-collecting surface is elliptical,

30 26. A sweat-collection device for appiication to g substantially flat area of the human

body, comprising:
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a solid body having a face thereof forming a concave sweat-collecting surface which
gradually recedes from a rim lying wholly in a common plane to an axial bore that extends to
the opposite face of said solid body, the maximum depth of said concave sweat-collecting
surface being such that the skin and flesh of said flat area of a human body to which the
device is applied will bulge into contact with said sweat-collecting surface over substantially
the entire area thereof when said rim is placed firmly against the skin of said flat area of the
human bady, leaving substantially no dead space in the intorface between the bulged skin and
said sweat-collecting surface, whereby body secretion pressure of sweat will force sard sweat
through said interface to said axial bore, said bore being adapted to connect with a length of
flexible, sweat eoliector tubing at said opposite face of the solid body, and said solid body
being adapted to be fastened against the said flat arca of a hursan body so as to maintain firm
placement of said rim and sweat-collecting surface against the skin, the opposite face of the
solid body being recessed to form a chamber for receiving flexible sweat collector tubing
when connected to the axial bore and coiled in flat formation;

a length of flexible collector tubing having opposite ends and normally connected at
one end to the axial bore for collecting sweat therefrom and normally coiled in a flat, spiral
formation within the receiving chamber, said opposite end being open, whereby, as sweat is
collected by the sweat collecting device and flows into and through the axial bore, the sweat
flows into and collects in the collector tubing, the advancement of the collected sweat being
visible as it advances in the collector tubing from the bore toward the open end; and

& guide passage extending through the solid body from the chargber for receiving the
flexible sweat collecting tubing to outside the solid body, said guide passage having a flexible
sweat collecting tubing receiving end adjoining the chamber for receiving and holding the
open end of the sweat collecting tubing coiled in the chamber, and a guide end opening to
outside the solid body, said guide end adapted to receive a sweat collecting needle to be
guided by the guide passage into the open end of the sweat collector tubing received in the
sweat collector tubing receiving end of the guide passage.

27. A sweat-coliection device for application to & substantially flat area of the human
hody, comprising:

2 s0lid body having a face thereof forming & concave sweat-coilecting surface which
gradually recedes from a rim lying wholly in a commen plane to an axial bore that extends 1o

the opposite face of said solid body, the maximum depth of said concave sweat-collecting
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surface being such that the skin and flesh of sald flat area of a human body o which the
device is applied will bulge into contact with said sweat-collecting surface over substantially
the entire area thereof when said rim is placed firmly against the skin of said flat area of the
human body, leaving substantially no dead space in the interface between the bulged skin and
said sweat-collecting surface, whereby body secretion pressure of sweat will force said sweat
through said interface to said axial bore, said bore being adapted to connect with a length of
flexible, sweat collector tubing at said opposite face of the solid body, and said solid body
being adapted to be fastened against the said flat area of a human body so as to maintain firm
placement of said rim and sweat-collecting surface against the skin, the opposite face of the
soiid bady being recessed to form a chamber for receiving flexible sweat collector tubing
when connected to the axial bore and coiled in flat formation;

a length of flexible collector tubing having opposite ends and normally connected at
ane end to the axial bore for collecting sweat therefrom and normally coiled in a flat, spiral
formation within the receiving chamber, said opposite end being open, whereby, as sweat is
collected by the sweat collecting device and flows into and through the axial bore, the sweat
flows into and collects in the collector tubing, the advancement of the collected sweat being
visible as it advances in the collector tubing from the bore toward the open end; and

wherein the inside diameter of the collector tubing can vary over a manufacturing
tolarance hetween a known maximum diameter and a known minimum diameter whereby the
volume of sweat coliected within a given length of collector tubing is not accurately
determined and can vary between a minimum given length volume determined by assursing
the minimum diameter is present over the entire given lenpth and & maxinuun given length
volume determined by assuming the maximuom diameter is present over the entlre given
length, aud wherein markings indicates a range and are positioned with respect to the
collector tubing and to the sweat advancing in the collector tubing to indicate at a lower end
of the range when the sweat advancing i the sweat collector tubing reaches a given length of
collector tubing wherein the minimum volume of sweat to be collected is equal to the
maximum given length volume and to indicate at the upper end of the range when the sweat
advancing in the sweat collector tubing reaches a given length of collector tubing wherein the
minimum volume of sweat to be collected is equal to the minimum given length volume,
wherein when the collecied sweat enters the range and is within the range, the minimum

volume of sweat to be collected may have been collected, but such coliection is not ensured,
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and when the collzcted sweat reaches the top of the range, cotlection of the minimum volume

of sweat to be collected is ensured,

¥y

Ao



WO 2014/145904 PCT/US2014/030754
174

17 46 17 48
(i it

FIG. 8 FIG. 9

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/030754

WO 2014/145904

214

S

JNp—
- -

-
s g

¢l

¢ "Old

SUBSTITUTE SHEET (RULE 26)



WO 2014/145904 PCT/US2014/030754

314

56

10

FIG.

SUBSTITUTE SHEET (RULE 26)



PCT/US2014/030754

WO 2014/145904

4/4

SUBSTITUTE SHEET (RULE 26)



	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 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings

