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PEVICE FOR COLLECTION OF VOLATILE COMPOUNDS FROM SKIN FOR NON-
INVASIVE MEASUREMENT OF BLOOD-GLUCOSE VALUES

BACKGROUND

5 [09861] This disclosure relates generally to measurement of volatile compounds emitted via

transdermal diffusion, and more specifically to non-invasive techniques for such measurement.

[0062] Monitoring the concentration of glucose in the blood (glycemia) is important for
diabetes management. A conventional blood glucose test 15 performed by piercing the skin to
draw blood and then applying the blood 10 a chemically active disposable medium. While non-

10 tovasive technigues for blood glucose measurement have been proposed, current non-tnvasive
approaches suffer from shortcomings that imit their utility.

{6003] An example of a non-invasive blood ghucose monitoring technology is a diffusion cell
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device described in U.S. Patent 5,279,543A, entitled “Device for iontophoretic non-invasive
sampling or delivery of substances”. The diffusion cell device is described as performing

15 electrically enhanced sampling of bicactive substances from skin or mucosal surfaces without
mechanical penetration. The device utilizes a positive electrode, a negative electrode, and an
electrically insulating material separating the electrodes, placed on the skin surface. Although
providing a potentially non-invasive form of blood glucose level monitoring, the device requires
the placement of and activation of electrodes directly on the surface of the skin to monitor

20 changes of bicactive materials.
[8804] Another example of a non-invasive blood glucose monitoring technology is a skin
surface sampling system described in U.S. Patent 10,143 44782 entitled “Skio surface sampling
system”. This system utilizes an elongated collection tube with a sampling head positioned on

one end in contact with the patient's skin. A liguid supply absorbs volatile organic compounds
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(VOC) and semi-volatile organic compounds (SVOC) from the surface of the skin and collects
the mixed liguid tn a sample collection device. The system is opersted by positioning the
sampling head on the skin surface and then flushing the fiquid supply through a set of channel

grooves in the sampling head that direct the mixed lguid to the collection tube.  Although
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providing a potentially nou-invasive form of blood glucose level monitoring, the system reguires
a liguid capture system.

[00685] Another example of a potential non-invasive blood glucose monitoring technology i3 a
breath analyzer 100 as depicted in FIG. 1 and FIG. 2. The breath analyzer 100 is a wrist mounted
sampling device, similar to 3 smart watch, that includes a set of laterally positioned gas collection
ports 102 intended to capture volatile organic compounds (VOC) and semi-volatile organic

compounds (SVOC). The breath analyzer 100 utilizes an internal gas detector.

SUMMARY

{6806] This disclosure relates to devices for volumetric sampling that include a skin-facing
surface, an inlet port, and an outlet port, with a structure that is open at the skin-facing surface,
such as a channel structure forming 2 gas flow path, such as a contincous curve between the inlet
port and the outlet port. Such devices may be realized as wearables, such as smartwatches or
fitness trackers or may be part of such wearables.

18667) This disclosure further relates to a blood glucose level measurement method whereby 2
unitary body is mounted on a patient’s skin to form a gas seal, the unitary body comprising a
skin-facing surface in contact with the patient's skin and a top surface enclosing a structure, such
as a channel structure open to the patient's skin at the skin-facing surface. A gas flow is then
actuated through the structure between an inlet port and an outlet port of the unitary body.
{6088] This disclosure further relates to devices for volumetric sampling that include a unitary
body with an inward spiral chanuoel structure. The channel structure includes an inlet port and an

outlet port and is open at a skin-facing surface of the unitary body.

BRIEF DESCRIPTION OF THE DRAWINGS
{6069} To easily identify the discussion of any particular element or act, the most significant
digit or digits in a reference number refer to the figure number in which that element is first

introduced.
{6818] FIG. 1 depicts a prior art breath analyzer 100 in one aspect.

{0011} FIG. 2 depicts the prior art breath analyzer 100 i another aspect.
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{6812} FIG. 3 depicts a patient mounted configuration 300 of a volumetric gas collector 400 in
accordance with one embodiment.

[0013] FIG. 4 depicts a bottom isometric view of the volumetric gas collector 400 in accordance
with one embodiment.

[6614] FIG. 5 depicts a bottom view of the volumetric gas collector 400,

[0015] FIG. 6 depicts a top isometric view of the volumetric gas coliector 400.

{6816] FIG. 7 depicts a front view of the volumetric gas collector 400.

[66817] FIG. 8 depicts a rear view of the volumetric gas collector 400,

[06018] FIG. O depicts a lateral view of the volumetric gas collector 400

[6819] FIG. 10 depicts the volumetric gas collector 400 incorporating a gas filter 1002 in
accordance with one embodiment.

{6828] FIG. 11 depicts the volumetric gas collector 400 utilizing an inert gas supply 1104 in
accordance with one embodiment.

{6021} FIG. 12 depicts the volumetric gas coliector 400 utilizing a gradient heating element

1202 to facilitate gas flow in one embodiment in accordance with one embodiment.

DESCRIPTION
[6822] Embodiments of an improved, non-invasive device are herein described for collection
and measurement of volatile compounds emitted via transdermal diffusion from a patient's skin,
"Wolatile compounds” are molecules that are in gas phase at temperatures at or above
approximately “room temperature”, e.g., 20° Celsius. Such molecules have a vapor pressure at
room temperature that is sufficient to generate a gas phase concentration {or partial pressure) in
ambient air of at feast 0.1 part per billion {ppb) by volume Non-limiting examples of volatile
compounds are small molecules such as nitrogen oxide and carbon monoxide, larger molecules
such as ethanol and benzene, and very large molecules such as proteins or other bio-molecules.
{8823] Embodiments of devices for volumetric sampling include a skin-facing surface with a
structure that is open at the skin-facing surface. Such a structure in general allows the flow of &

gas along one or more paths. The structure is not particularly limited as long as a gas flow through
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the structure 18 possible. The structure may be a channel structure forming a gas flow path, such
as a continuous curve between the inlet port and the outlet port.

[0024] FIG. 3 depicts a patient-mounted configuration 300 of a volumetric gas collector 400 in
accordance with one embodiment. The volumetric gas collector 400 may be mounted to the
patient's arm at the inver elbow joini across a junction of the lower brachium region 308 and
upper forearm region 310. A mounting strap 304 may be utilized to mount the volumetric gas
collector 400 with sufficient force to form a substantially gas-tight seal between the volumetric
gas collector 400 and the patient's skin. Volatile compounds emitted via transdermal diffusion
from the portion of the patient's skin enclosed by the volumetric gas collector 400 are collected
and migrated to the outlet port 302, e g under urging of a pressure source {not shown} coupled
to and inducing negative pressure at the outlet port 302, From the outlet port 302 the volatile
compounds migrate to a gas composition analyzer 306 such as a mass spectrometer. An ambient
reference sensor 312 may optionally be utilized to provide a baseline reading of volatile
compounds present in the environment. The baseline reading may be applied to adjust the reading
obtained by the gas composition analyzer 306 for a more accurate assessment of the volatile
compounds actually emitted via transdermal diffusion. The baseline reading may be taken once,
or may be monitored continuously and averaged while the volumetric gas collector 400 is
collecting gases.

[8825] TG 4 -FIG. 9 depict a volumetnic gas collector 400 in one embodiment. The volumetric
gas collector 400 may be utilized to perform non-invasive blood glucose level measurement via
the volumetric sampling of gases that are emitted via transdermal gas diffusion. Unlike prior art
devices, the volumetric gas collector 400 does not utilize liquids or elecirodes. The volumetric
gas collector 400 may be manufactured by milling a solitary unitary piece of material or
manufactured using a 3D printer, for example, thus forming a unitary body. "Unitary body™ refers
to a single piece of material without joints or fasteners, into which the structure, such as a channel
structure is formed. The volumetric gas collector 400 may for example be formed from non-
corrosive materials such as Teflon, anodized titanium, plastic, or polymer materials that do not
interact with or allow permeation by the volatile compounds to be collected, and which are not
irritants to the skin of the intended patients.

[0626] The depicted embodiment has a form factor that is substantially rectangular on three

sides of its periphery (the front surface 416 is substantially semi-circular). This and similar form
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factors may be advantageous for mounting on body parts that are more exiensive in one
dimension than in others. For example, s substantially rectangular (which herein includes
rounded-reciangular - curved on both the front surface and back surface) torm factor with a fong
axis 420 and short axis 418 may be advantageous in forming a larger sampling volume when
mounted on the human arm, which is typically longer along the lower brachium region 308 to
upper forearm region 310 direction (long axis) than it is wide (short axis, orthogonal to the radius
and ulna). It will be appreciated that other form factors may capture this advantage, such as ovals
or circular forms. In one embodiment where the intended mounted configuration 300 is on the
human arm, the long axis 420 may be at least 1% times a length of the short axis 418,

{8827] in the depicted embodiment the outlet port 302 is substaniially centered along the short
axis 418, but 1s oft-center along the long axis 420. In form factors that exiubit a long axis and a
short axis, such off-center placement of the outlet port 302 may advantageously provide a
superior multivariate optimization of collection volume and gas flow rate in the channel structure
404,

{0028] The depicted substantially rectangular form factor, which ts merely one example of a
possible torm factor, distinguishes a back surface 406, front surface 416, and lateral surfaces
408, as well as a top surface 414 and skin-facing surface 402, Other form factors may only
distinguish a subset of these surfaces. For example, oval or circular form factors may only
distinguish a top surface and skin-facing surface The unitary body may comprise a conformal
curvature 422 of the skin-facing surface 402. The conformal curvature 422 (which extends across
the short axis of the skin-facing surface 402, including the walls of the channel structure 404)
may improve engagement with the curvatures of a patient's arm or body and thus form a gas
vapor seal preventing or reducing escape of volatile compounds from the channel structure 404
to the environment, and preventing/reducing the gas flow from taking short cuts {multiple paths}
through the channel structure 404, In one embodiment the conformal curvature 422 is concave,
as depicted in FIG. 7 and FIG. 8.

[6829] Yet other form factors such as polygons with more than four sides may distinguish
additional lateral surfaces. Some form factors may take the form of “shells” wherein the top
surface 1s curved down to iuntersect the skin-facing surface, in which case there 15 no

distinguished lateral surface. Regardless of the form factor, reference to the “periphery” of the
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volumetric gas collector device refers to the peripheral boundary between the skin-facing surface
and the environment.

{0030} The chanuel structure 404 is depicted as doubling back along the long axis and spiraling
inward from the periphery to the ocutlet port 302. However in other embodiments exhibiting a
fong axis and a short axis, the channel structure 404 may double back along the short axis 413,
{6831] The depicted channel structure 404 is a continuous curve. A "continuous curve" herein
refers to an unbroken and unbranched path for gas flow from one point to another, in which
changes in gas flow direction are effected without right or acute straight-line inner angles. A
“straight-line” angle is one formed by the intersection of two straight sections having different
directions. A continuous curve may include some straight (uncurved) sections, and may in some
cases effect changes in gas flow direction by intersection straight sections at wide {e.g., greater
than 100 degree) obtuse angles. Like smooth curves to change gas flow direction, such straight-
fine obtuse angles may be less prone than right or acute siraight-line angles to creating dead
space 1n the gas flow. The inward spiral channel structure in the depicted embodiments is an
example of a continuous curve that includes some straight sections and some curved sections
{where gas flow changes direction).

[0032] "loward spiral” refers to a channel structure with an inlet port at or near the periphery,
that spirals inward toward a center axis of device where the outlet port is located. With inward
spirals, one end of the channel structure can form an opening for the inlet port at the periphery
while the other end of the channel structure terminates internally within the enclosure of the skin-
facing surface, and the outlet port traverses from the channel structure through the top surface
{e.g., via a hole drilled from the top surface to the channel structure). In some embodiments, the
inward spiral channel structure may be fully contained within the skin-facing surface (the
channel structure does not terminate at an opening on the periphery), in which case the inlet port
would, like the outlet port, need to traverse up through the top surface {e.g., via a hole drilled
frors the top surface to the channel structure).

{6833] Aniunward spiral channel structure comprises at least one endpoint that is interior to the
enclosure of the skin-facing surface 402, and therefore the outlet port 302 necessarily traverses
from the channel structure 404 to the top surface 414 for such channel structures. The outlet port
302 may in these cases comprise a fitting to enable a negative pressure source, such as a pump

or vacuum, to be applied at the outlet port 302.
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{6834] In some embodiments, such as circular form factors, there may be no distinguished axis
along which the channel structure 404 doubles back, and the channel structure 404 may spiral
inward from the periphery to the outlet port 302.

{6035} 1t should therefore be appreciated that the volumetric gas collector 400 may be embodied
in a variety of form factors and channel structure 404 configurations, depending on the
parameters of the intended application. It should also be appreciated that in some embodiments
the gas flow may be implemented in the reverse direction than depicted. For example, the
focations of the inlet port 410 and the outlet port 302 may be interchanged such that pressure is
applied from at or near an interior point and volatile compounds are collected for
analysis/measurement at a focation near or on the periphery.

[6836] The channel structure 404 is formed into the skin-facing surface 402, forming a skin-
contact surface 412 along the walls of the chaonel structure 404, The skin-contact surface 412

I3

supports mounting {e g, via a mounting strap 304} the volumetric gas collector 400 non-
invasively on the surface of the skin of patients. Volatile compounds emitted trom the skin via
transdermal gas diffusion collect in the channel structure 404 and flow toward the outlet port
302. The channel structure 404 may form a gas-impermeable barrier to the volatife compounds
to prevent or reduce escape to and/or contamination from the environment, and to prevent or
reduce short cuts by the gas flow when traversing the channel structure 404,

[6837] The gas flow induced in the channel structure 404 may be partially thermodynamic
(tending toward regions of lower volatile compound density and/or temperature) and may be
assisted by an external force such as a pump (e.g., providing negative pressure at the outlet port
302 or posttive pressure at the inlet port 410}, pressurized gas source {e.g., at the inlet port 410},
or vacuum {(e.g., at the outlet port 302). A negative pressure is generally preferable to a positive
pressure due to the inhibitive effect that a positive pressure may have on transdermal diffusion
of volatile compounds from the skin. The gas flow rate may also be enhanced thermodynamically
using, for example, a heating element (see FIG. 12}, In a mounted configuration 300, a gas
composition analyzer 306 may be coupled to the outlet port 302 to characterize the particles of
volatile compounds and to determine, for example, blood glucose levels. The gas composition
analyzer 306 may be preferably a mass spectrometer or other gas sensors used to continuously
analyze VOC-components from ambient air, such as metal oxide sensors (MOS), infrared

sensors, electrochemical sensors or sensors with polymeric coating, or other sensors,
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{6038] In some embodiments negative pressure s used at the outiet port 302. Negative pressure
i3 generated by a suction process. Suction is applied intermittently, with a relatively high pressure
difference, so that sufficiently high flow velocity is generated, which results in a Reynolds
Number of over 10000, The gas flow within the structure then is turbulent instead of laminar It
is well known to & person skilled in the art, that the transition from a laminar to a turbulent gas
flow in a pipe usually occurs already at a Reynolds Number over 2300. The high pressure
difference resulting a high Reynolds Number over 10000 1o this ersbodiment is necessary for a
turbulent flow since the gas flow can be considerably slowed down within parts of the structure.
A turbulent flow has the advantage of reaching potential niches, corners, and other dead space
of the structure,

{8039} The channel structure 404 includes an inlet port 410 that replaces gases drawn from the
outlet port 302 for analysis. The inlet port 410 way be open to ambient ailr, or may couple to &
pressurized or unpressurized source of replacement gas, such as an inert gas. "Ambient air” refers
to the external atmosphere surrounding a patient and the volatile compounds sampling device.
An unpressurized source of tnert gas may be preferred due to the inhibitive effects of positive
pressure inside the channel structure 404 on the transdermal diffusion of volatile compounds
from the skin,

{8840] Insomeembodiments, for example as depicted, the channel structure 404 may be formed
to have a consistent width from the inlet port 410 to the outlet port 302. By maintaining a
consistent volume along the length of the channel structure 404, a constant gas flow rate towards
the outlet port 302 from the inlet port 410 may be facilitated. The curvature and dimensions {e.g.,
width and depth} of the channel structure 404 may be selected for example based on a
multivariate optimization of collection volume and gas flow rate for a particular form factor of
the device. Constraints on the width of the channel structure 404 include lower limits on
narrowness to prevent constriction of gas flow, and lower Hmits on width of the walis of the
channel structure 404 to prevent leakage of volatile compounds through the walls. The depth of
the channel structure 404 may also be constrained to a lower limit to accommodate bulging of a
patient's skin into the chaonel structure 404, without creating inhibition to gas flow in the

mounted configuration 300,
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{6041] FIG. 10 depicts a volumetric gas collector 400 with a gas filter 1002 positioned in or
proximal to the inlet port 410. The gas filter 1002 may be provided to reduce volatile compounds
contaminants from entering the channel structure 404 by way of the inlet port 410.

{6842} FIG. 11 depicts a volumetric gas collector 400 operatively coupled to an inert gas supply
1104 through a coupling 1102 connected to the nlet port 410. The nert gas supply 1104 may be
provided as a way to control the introduction of unwanted molecules that may be pulled into the
channel structure 404 through the inlet port 410. The inert gas supply 1104 may be a gas such as
nitrogen that has a low reactivity with the volatile compounds to be collected. The inert gas
supply 1104 may in some cases be pressurized to facilitate the gas flow rate in the channel
structure 404, however any pressure applied should be selected so as not to inhibit transdermal
diffusion of the volatile compounds from the patient's skin.

[8843] FIG. 12 depicts a volumetnic gas collector 400 with a gradient heating element 1202,
The gradient heating element 1202 may be configured to generate a temperature gradient from
the lateral surface 408 toward the outlet port 302, More generally, the gradient heating element
1202 may generate a temaperature gradient that decreases from the tniet port 410 toward the outlet
port 302, overall, thus facilitating gas flow via thermodynamics. In one embodiment the gradient
heating element 1202 may be implemented as light-emitting diodes (LEDs) in the channel
structure 404, producing not only heat but potentially increasing the transdermal diffusion of
volatile compounds from the patient's skin via optical stimulation. The gradient heating element
1202 may thus improve gas flow and/or the concentration of volatile compounds in the channel
structure 404, and may be a separate component {(e.g., heating pad) from the unitary bedy or
integral with 1f {e.g., an integral heating element or LEDs). In some embodiments, the heating
element or clements are used to generate heat but not necessarily a thermal gradient In this
embodiment the heating does not necessarily facilitate gas flow thermodynamically, but is
nonetheless advantageous for stimulating the transdermal diffusion of volatile compounds from

the skin.

[6844] The present invention disclosed herein comprises, among other aspects, the
embediments of non-ornamental structural elements as described in this specification, including:
{6845] I A volumetric sampling apparatus comprising a skin-facing surface, an inlet port, an
outlet port, and a structure open at the skin-facing surface, the structure forming a gas flow path
between the inlet port and the outlet port. The structure open at the skin-facing surface may have

9
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a channel structure, and optionally that chaunel structure may form a countinuous curve between
the inlet port and the outlet port. Further optionaily, the channel structure may form an inward
spiral from the inlet port to the outlet port.

{06046] 11 A volumetric sampling apparatus comprising a skin-facing surface, an inlet port, an
outlet port, and a chanuel structure open at the skin-facing surface, the channel structure forming
a gas flow path between the inlet port and the outlet port, wherein the apparatus is formed in a
unitary body.

{8047) 1. A volumetric sampling apparatus comprising a skin-facing surface, an inlet port, an
outlet port, and a channel structure open at the skin-facing surface, the channel structure forming
a gas flow path between the inlet port and the outlet port, wherein the skin-facing surface
comprises a conformal curvature for improved sealing-contact with a patient’s skin.

10048] IV, A volumetric sampling apparatus comprising a skin-facing surface, an inlet port, an
outlet port, and a channel structure open at the skin-facing surface, the channel structure forming
a gas flow path between the inlet port and the outlet port, and further comprising a heating
element. The heating element is coufigured for either or both of stimulating transdermal
diffusion of volatile compounds from a patient’s skin, and generating a temperature gradient
along the channel structure betweeu the inlet port and the outlet port.

{0049] V. A blood glucose level measurement method comprising mounting a unitary body on
a patient's skin to form a gas seal, the unitary body comprising a skin-facing surface in contact
with the patient's skin and a top surface enclosing a structure open to the patieat's skin at the
skin-facing surface, and actuating a gas flow through the structure between an inlet port and an
outlet port of the unitary body. The structure open at the skin-facing surface optionally may
have a channel structure, and further optionally the channel structure may comprise a continuous
corve between the tolet port and the outlet port,

{8858] VL A blood glucose level measurement method comprising mounting a unitary body
on a patient's skin to form a gas seal, the unitary body comprising a skin-facing surface in contact
with the patient's skin and a top surface enclosing a structure open to the patient's skin at the
skin-facing surface, actuating a gas flow through the structure between an inlet port and an outlet
port of the unitary body, and applying negative pressure at the outlet port to draw ambient air

from the inlet port through the channel structure.

10
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j6851] VIL A blood glucose level measurement method comprising mounting a unitary body
on a patient's skin to form a gas seal, the unitary body comprising a skin-facing surface in contact
with the patient's skin and a top surface enclosing a structure open to the patient's skin at the
skin-facing surface, actuating a gas flow through the structure between an inlet port and an outlet
port of the unitary body, and applying thermal heating to the unitary body.

{0052} VI A blood glucose level measurement method comprising mounting a unitary body
on a patient's skin to form a gas seal, the unitary body comprising a skin-facing surface in contact
with the patient's skin and a top surface enclosing a structure open to the patieat's skin at the
skin-facing surface, actuating a gas flow through the structure between an inlet port and an outlet
port of the unitary body, and measuring volatile compounds in gases collected at the outfet port.
Optionally, the method may further include the steps of measuring a baseline level of the volatile
compounds in ambient air, and applying the baseline level to adjust 3 measure of the volatile
compounds in the gases collected at the outlet port.

[8853] IX A volumetric sampling apparatus comprising a unitary body comprising an inwardly
spiraling channel structure, wherein the channel structure comprises an inlet port and an outlet
port, and wherein the channel structure is open at a skin-facing surface of the unitary body. The
wnlet port is generally open to ambient air, and may have a gas filter positioned in or proximal to
the iniet port to reduce volatile compounds contaminants from entering the channel structure by
way of the inlet port. The outlet port 1s configured for coupling, such as by an appropriate fitting,
with any of a gas composition analyzer for analyzing volatile compounds, or a source of applying
negative pressure such as a negative pressure pump or vacuum at the outlet port for inducing
actuation of gas flow,

[6054] Within this disclosure, different entities may be described or claimed as "configured” to
perform one or more tasks or operations. This formulation—/{entity] configured to [perform one
or more tasks}—is used herein to refer to structure {(i.e., something physical). More specifically,
this formulation is used to indicate that such a physical structure 1s arranged to perform the one
or more tasks during operation. A physical structure can be said to be "configured to" perform
some task even if the physical structure is not currently being operated. The term "configured
to" is not intended to mean "configurable to.”

{6055} As used herein, the term "based on" is used to describe one or more factors that affect a

determination. This term does not foreclose the possibility that additional faciors may affect the

i1



WO 2021/167918 PCT/US2021/018279

determination. That is, a determination may be solely based on specified factors or based on the
specified factors as well as other, unspecified factors. Consider the phrase "determine A based

(L

on B." This phrase specifies that B is a factor that is used to determine A or that affects the
determination of A, This phrase does not foreclose that the determination of A may also be based
oun some other factor, such as €. This phrase is also intended to cover an embodiment in which
A 1s determined based solely on B. As used herein, the phrase "based on" is synonymous with
the phrase "based at least in part on.”

{6056] As used herein, the phrase "tn response to" describes one or more factors that trigger an
effect. This phrase does not foreclose the possibility that additional factors may affect or
otherwise trigger the effect. That is, an effect may be sclely in response to those factors, or may
be in response to the specified factors as well as other, unspecified factors. Consider the phrase
"perform A inresponse to B." This phrase specifies that B is a factor that triggers the performance
of A. This phrase does not foreclose that performing A may also be in response to some other
factor, such as C. This phrase is also wntended to cover an embodiment in which A 1s performed
solely in response to B.

[6857] As used herein, the terms "first,” "second,” etc. are used as labels for nouns that they
precede, and do not imply any type of ordering {e.g., spatial, temporal, logical, etc.}, unless stated
otherwise.

{6058} When used in the claims, the term "or" is used as an inclusive or and not as an exclusive
or. For example, the phrase "at least one of x, y, or z" means any one of x, y, and 7, as well as
any combination thereof

{6839] Having thus described illustrative embodiments in detail, it will be apparent that
modifications and variations are possible without departing from the scope of the invention as
claimed. The scope of tnventive subject matter is not limited to the depicted embodiments but s

rather set forth in the following Claims.
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CLAIMS

What is claimed is:

i. A volumetric sampling apparatus comprising

a unitary body comprising an inwardly spiraling channel structure, wherein the channel
structure comprises an inlet port and an outlet port, and wherein the channel structure is open
at a skin-facing surface of the unitary body;

wherein the inlet port is open to ambient air; and wherein the cutlet port is configured

for coupling to one or both of a negative pressure source and a gas composition analyzer,

The volumetric sampling apparatus of claim 1. further comprising a gas filter

B

positioned in or proximal to the inlet port, the gas filter being configured to reduce volatile
compounds contaminants from entering the channel structure by way of the inlet port when the

channel structure is positioned on a patient’s skin.

3. The volumetric sampling apparatus of claim 1 or 2, wherein the channel structure

forms a continuous curve between the infet port and the outlet port.

4. The volumetric sampling apparatus of any one of claims | to 3, wherein the skin-
facing surface comprises a conformal curvature configured for a sealing-contact with a

patient’s skin.

5. The volumetric sampling apparatus of ¢claim 4, wherein the conformal curvature is

concave.
6. The volumetric sampling apparatus of any one of claims 1 to 5, further comprising a

heating element configured to stimulate transdermal diffusion of volatile compounds from a

patient’s skin.

13
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7. The volumetric sampling apparaius of any one of claims 1 10 6, further comprising a
heating element configured to generate a temperature gradient along the channel structure

between the inlet port and the ocutlet port.

8 The volumetric sampling apparatus according to any oune of ¢laims 1 to 7, wheretn the

channel structure has a consistent width from the inlet port to the outlet port.

9. The volumetric sampling apparatus according to any one of claims 1 to 8, wherein the
volumetric sampling apparatus is configured for operatively coupling to an inert gas supply

through a coupling connected to the inlet port.

10. A blood glucose level measurement method comprising:

mounting the volumetric sampling apparatus of any one of claims 1 to 9 on a patient's
skin to form & gas seal, the skin-facing surface being in contact with the patient's skin;

actuating a gas flow through the structure between an inlet port and an outlet port of the
unitary body by applying negative pressure at the outlet port to draw ambient air from the inlet
port through the channel structure; and

measuring volatile compounds in gases collected at the outlet port.

i1. The blood glucose level measurement method of claim 10, further comprising

applying thermal heating to the unitary body.

i2. The blood glucose level measurement method of claim 10 or 11, further comprising:
measuring a baseline level of the volatile compounds in ambient air; and
appiving the baseline level to adjust a measure of the volatile compounds in the gases

coliected at the outlet port.
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