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ABSTRACT

Arrangements are provided including a base having a bore disposed therein
extending from a first surface of the base through a second surface of the base, a fluid
transport tube having a first end, a second end opposite the first end, and a lumen
having an inner diameter, at least the second end of the tube being received within the
bore of the base, and at least one fluid transport enhancing groove having at least a
first section disposed in the second surface of the base and in fluid communication with

the bore.
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DEVICES AND METHODS FOR FACILITATING FLUID TRANSPORT

FIELD OF THE INVENTION

[0001] The presented invention is directed to devices, arrangements and associated methods for

effectively transporting fluids, for example, samples of body fluids.
BACKGROUND OF THE INVENTION

[0002] In the following discussion certain articles and methods will be described for background
~ and introductory purposes. Nothing contained herein is to be construed as an “admission” of

prior art. Applicant expressly reserves the right to demonstrate, where appropriate, that the

articles and methods referenced herein do not constitute pri_or art under the applicable statutory

provisions.

[0003] According to the American Diabetes Associaﬁon, diabetes is the fifth-deadliest disease in
the United States and kills more than 213,000 people a year, the total economic cost of diabetes
in 2002 was estimated at over $132 billion dollars, and the risk of developing type I juvenile

diabetes is higher than virtually all other chronic childhood diseases.

[0004] In certain medical treatment and diagnostic procedures, it is necessary to transport body
fluid from the patient to a remote location. For example, one such procedure is the testing of a
sample of body fluid, such as blood, for the glucose concentration level contained therein. Such
diagnostic procedures may be conducted clinically or by the patient utilizing a self-testing device
or arrangement. There are numerous devices and systems designed to be utilized by the patient

for obtaining a sample of blood, and testing the sample to determine the glucose content at a
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particular point in time. One such system generally includes at least three separate devices. The
first device is utilized to draw a sample of blood from the patient by performing a lancing or
similar skin piercing operation. Lancets are solid members which do not include a pathway for
transporting the sample of blood. Since the lancets do not offer the ability to transport the
sample, a separate member or component must be provided for this purpose. Typically, such
systems include a separate test strip member which is manually brought into contact with the

. saﬁple of blood produced by the lancing operation. The sample is then introduced onto the test
strip, which includes a mechanism, such as a chemical reagent, for reacting with the blood
sample and producing a readable signal. To this end, a separate meter or other reading device is
also included in the system. The test strip is fypically introduced into the meter, which then
intgracts with the test strip to produce the quantification of the glucose content contained in the

sample of blood.

[0005] Such systems suffer from certain drawbacks. The manual operations of lancing, bringing
the test strip into ‘contact with the sample of blood thus produced, and the separate step of
inserting the test strip into the meter may be difficult to perform for some patients. For instance,
diabetics often times suffer from visual impairment as a result of their condition. Thus, it may be
difficult for them to locate the sample of blood on the surface of the skin and bring the test strip
into communication therewith. Similarly, it may be difficult to properly insert the test strip into
the meter. In addition, there is a trend toward minimizing the size of the lancet used to perform
the lancing operation in an effort to minimize the pain associated with this self testing procedure,
thereby promoting more frequent testing. The use of a smaller gauge lancet also results in a

smaller volume of body fluid, or blood, produced by the lancing operation. Such smaller
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samples of blood may be even more difficult to locate by the patient, and also may be more

challenging to transport effectively.

[0006] Other systems for self-testing on the market attempt to integrate one or more above
described lancing, transporting and quantification operations. One such system requires the user
to load a lancet and a test strip into a device, which includes a meter. Once loaded the device is
held against the skin and the test initiated by thé user, which includes a lancing operation and
subsequent transport of a sample of body fluid into the test strip. This arrangement still requires
the manual step of loading a separate lancet and test strip correctly into the device, and orienting
the device correctly at the surface of the skin in order to perform each test. This device also uses
the lancet, which in énd of itself does not provide a mechanism to transport the sample of blood.
Thus, it is necessary to provide a separate mechanism, which enables transportation of the blood
from the surface of the skin to the test strip. In this particular device, the transport function is
performed by automatically moving the test strip, which includes capillary channels, into
communication v;/ith the sample of blood at the surface of the skin. If the test strip is not loaded
correctly, or the mechanisms for moving the test strip into position do not function correctly, the
device will not function properly. Moreover, the usér must purchase, store, handle and load the
separate lancet and test strip components for each test. Thus, the successful performance for
each test is again at least partially dependent upon the patient correctly associating the lancet and

the test strip with the device for each and every test performed.

[0007] Yet another conventional self-testing system includes multiple disposable parts for
lancing and analyte quantification. In this particular device, a test strip is provided which has an
integrated blood transport member in the form of a capillary tube extending from a major planar

surface thereof which must be brought into communication with the droplet of blood formed on
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the surface of the skin resulting from a lancing operation. In order to facilitate the transport
function, the test strip is provided with a separate spreading layer sandwiched between the end of
the capillary tube and a reageht membrane disposed on an opposiné side thereof. The spreading
layér facilitates transfer of the blood from ﬁe tube to the reagent layer. This system is designed
such that a sample volume that completely fills the tube is required in order to obtain an accurate
test result. Thus, approximately two micro liters of blood is typically required to be drawn from
the patient such that the tube can be completely filled and transferred for further analysis. This
requires creation of a wound in the skin large enough to express the necessary volume of blood,
thus limiting lancet size reduction efforts. Also, the process of completely filling the tube is time
consuming, and may require the user to apply significant efforts to manually express or milk a
sufficient quantity of blood from the wound in order to fill the tube. This design also requires
the blood to flow through the spreading layer prior to reachiﬁg the reagent layer. This two-layer
structure is less than optimal from an assembly standpoint (i.e. requiring the assembly of |
multiple distinct layers), and since the volume of the capillary tube must be first transferred
through the spreading layer, this may also have a tendency to slow down the testing procedure
and reduce the volume of sample available for analysis. ‘The spreadiné layer also retainé a
certain amount of the sample, thereby reducing the amount of the sample that is available for
re_action with the reagent layer, and subsequent analysis thereof. Also, the spreading layer can
alter éertain characteristics of body fluids, such as whole blood. For instance, the spreading layer

may alter the hematocrit contained in a sample of whole blood.

[0008] Thus, conventional body fluid transport systems for medical treatment and/or diagnostic
procedures suffer certain drawbacks. Such drawbacks include transport operations that are

reliant upon the dexterity and ability of the patient to accurately perform various manual
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procedures. The conventional devices and arrangements also are not fully integrated and require

significant intervention on the part of the user in order to perform an accurate test.
SUMMARY OF THE INVENTION

[0009] 1t is, therefore, an object of this invention to provide devices, arrangements and methods

for improved transport of a body fluid, such as blood.

[0010] According to the current principles of the present invention, one or more of the following
advantages may be derived from such devices, arrangements and methods. Consistent with the
principles of the present invention, a body fluid can be transported without the necessity of
performing various operations or procedures by the pa-ttient or user of the device. Thus, for
example, it is unnecessary for the patient or user of the device to manually bring a fluid member

in communication with a droplet of blood on the surface of skin.

[0011] According to the present inventidn, it is also unnecessary to provide a body fluid sample
having a volume at least large enough to fill a capillary tube or other fluid transport member,
thus feducing the time necessa;'y to perform a test as well as providing an opportunity to create a
smaﬁer wqund in the surface of the skin, and/or reducing or eliminating the need to milk blood
from the wound, thereby minimizing pain and inconvenience associated with a lancing or other

wound creating procedure.

[0012] According to the current principles of the invention, improved fluid transport can be
provided by associating fluid transport with a fully integrated device. A fully integrated device
formed according to the principles of the present invention provides for a potential lower cost

device due to a redugtion in distinct components which may be sourced from different vendors,
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which may provide a reduced manufacturing burden (i.e. reduced packaging, assembly, etc.).
According to one aspect of the present invention, a needle serves multiple purposes. Namely, the
needle acts as a lancet and a transfer tube, all in a single device. This insures that a sterile lancet
is used for each and every test, thereby reducing the risk of infection and/or pain associated with

lancet reuse, as well as simplified operation.

[0013] A further possible advantage providéd by the present invention is the elimination of
spreading/filtering media or layers. This advantage eliminates the reliance on a special spreading
media, which can reduce the volume of blood available to the reagent, thereb& providing an
opportunity for even greater sample volume reduction and related pain reduction. The
elimination of a spreading/filtering media or layer also simplifies manufacturing by reducing the
necessity of correctly positioning a small spieading media layer relative to other components of
the assembly. The elimination of the spreading layer also prevents the nature of the sample from

being influenced thereby, such as an alteration of the hematocrit contained in the sample.

[0014] According to one aspect of the present invention, there is provided an arrangement
comprising:_ a base having a bore disposed therein extending from a first surface of the base
through a second surface of the Base; a fluid transport tube having a first end, a second end
opposite the first end, and a lumen having an inner diameter, at least the second end of the tube
being receivefl within the bore of the base; at least one fluid transport enhancing groove
comprising at least a first section disposed in the second surface of the basé and in fluid

communication with the bore.

[0015] According to a further aspect, the present invention provides a base having a bore

disposed therein extending from a first surface of the base through a second surface of the base; a
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needle having a first end adapted to pierce the skin, a second end opposite the first end, and a
lumen having an inner diameter, at least the second end of the tube being received within the
bore of the base; at least one fluid transport enhancing groove comprising at least a first section
disposed in the second surface of the base and in fluid communication with the bore; and an
analyte quantification member in fluid communication with at least one of the bore and the at

least one fluid transport enhancing groove.

[0016] According to yet another aspect, the present invention provides a wearable blood glucose

monitor comprising any of the arrangements described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The preferred embodiments are illustrated in the drawings in which like reference

numerals refer to the like elements and in which:

[0018] Fig. 1 is a partial perspective view of an arrangement formed according to the present

invention.
[0019] FIG. 2 is a cross sectional view taken along line II-II of Fig. 1.

[0020] FIG.3 is a partial perspective view of another arrangement formed according to the

present invention.
[0021] FIG. 4 is a cross-sectional view taken along line IV-IV of Fig. 3.

[0022] FIG.5 is a partial perspective view of yet another arrangement formed according to the

present invention.

[0023] FIG. 6 is a cross-sectional view takeﬁ along line VI-VI of Fig. 5.
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[0024] FIGS 7A-7C are cross-sectional views taken along lines VII-VII of Figs. 1, 3, and 5,
respectively, and represent alternative geometrical cross-sectional configurations of grooves

formed according to the principles of the present invention.

[0025] FIG.8 is a partial perspective view illustrating an alternative groove configured according

to the principles of the present invention. '
[0026] FIG.9 is a cross-sectional view taken along line IX-IX of Fig. 8
[0027] FIG. 10 is a cross-sectional view taken along line X-X of Fig. 8.

[0028] FIG. 11 is a partial perspective view of a groove configured according to a further

embodiment of the present invention.
[0029] FIG. 12 is a cross-sectional view taken along line XII-XII of FIG. 11.
[0030] FIG. 13 is a cross-sectional view taken along line XIII-XIII of FIG. 11.

[0031] FIG. 14 is a plan view of an arrangement of grooves formed according to the present

invention.
[0032] FIG.15 is a plan view of a groove arranged according to the present invention.

{0033] FIG. 16 is a plan view of an arrangement of grooves formed according to the principles

of the present invention.

[0034] FIG. 17 is a plan view of a groove arranged according to an alternative embodiment of

the present invention.
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[0035] FIG. 18 is a perspective view of an arrangement of grooves formed according to a further

alternative embodiment of the present invention.

[0036] FIG. 19 is a cross-sectional exploded view of an alternative arrangement formed

according to the present invention.

[0037] FIG. 20 is a cross-sectional exploded view of yet another alternative arrangement formed

according to the present invention.

[0038] FIG. 21 is a cross-sectional exploded view of a further alternative embodiment of the

iﬂresent invention.
[0039] FIG. 22 is a top plan view of the embodiment of FIG. 21.

[0040] FIG. 23 is a cross-sectional exploded view of an arrangement formed according to an

alternative embodiment of the present invention. |

[0041] FIG. 24 is a perspective view of an arrangement formed according to a further alternative

embodiment of the present invention.
[0042] FIG. 25 is a cross-sectional view taken along line XXV-XXV of Fig, 24.

[0043] FIG. 26 is a perspective view of a device formed according to a further embodiment of

- the present invention.

[0044] FIG. 27 is a partial cutaway view of the device of Fig. 26.
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DETAILED DESCRIPTION OF THE INVENTION

[0045] Devices, arrangements and their associated methods are structured to comprise at least

one, or a combination of some or all, of the following characteristics.

[0046] An exemplary arrangement 100 formed consistent with the principles of the present
invention is illustrated in Figs. 1-2. The arrangement 100 includes a fluid transport tube 10. ‘The
fluid transport tube 10 may be formed from any suitable material, such as a metal, glass, or
polymeric material. The fluid transport tube 10 may be provided with an inner diameter that is

. sufficient to produce a capillary action of fluid flowing through the tube. By way of example,
the fluid transport 10 may be provided with inner diameter on the order of 0.007 to 0.012 inches.
The fluid transport 10 may be provided with a first end 12 and a second end 14 opposite the first
end 12. A lumen 16 having an inner diameter, optionally dimensioned as described above,
extends along its longitudinal length between the first end 12 and the second end 14, The lumen
16 may be provided, on at least on a portion of the surface thereof, with a fluid transport-
enhancing feature. For example, such a feature may comprise a suitable coating, such as
polydimethylsiloxane (PDMS) or Silwet™, Alternatively, at least a portion of the surface of
lumen 16 may be provided with a surface texturing which promotes fluid flow, such as a surface
roughenihg or pattern applied on at least a portion of the surface. According to one embodiment
of the present invention, the fluid transport tube 10 is in a form of a needle having a first end
provided with a construction adapted to pierce the surface of the skin, such as bevel B or other
configuration known in the art (see, e.g., 18 of Fig. 24). The needie may be provided with one or

any combination of some or all of the features of the fluid transport tube, as described above.
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[0047] The arrangement 100 may further include a base 20. The base 20 may have any suitable
geometry or size. In the embodiment demonstrated in Figs. 1-2, the base 20 is in the form of a
polygon or block. However, the base 20 of the present invention is not limited to this geometry,
and in fact, as illustrated in other embodiments described herein, may bave other suitable
geometries. Base 20 is formed of any sﬁitable material. According to one embodiment, the base
is formed from a material that is more hydrophilic than the tube 10, which will tend to draw the
fluid up from the tube. For example, the base 20 can be formed of a metai, glass, quartz, or
polymeric material. The base 20 may be provided with a bore 22 that extends from a first
surface 24 of the base 20 and throxigh a second surface 26. As illustrated, the base 20 receives at
least the second end 14 of the fluid transport tube 10 (or needle 18). According to one
embodiment, the bore 22 comprises a first section 28 defining a counter bore for receiving the
fluid transport tube 10 or needle at the second end 14 thereof. The fluid transport tube 10 maybe
secured to the base by any suitable means, such as co-molding, gluing, soldering and the like.
According to another embodiment, the bore 22 comprises a second section extending from the
counter bore 28,‘ or second end 14 of the tube 10 or needle, to the second surface 26. The above-
described portion of the bore 22 is indicated at 29. The second section 29 of the bore 22 may be
provided with a fluid .transport—enhancing feature of the type described above in connection with
the lumen 16. The second section 29 of the bore may also be prov.ided with an inner diameter
that is substantially the éamé as the inner diameter of the lumen 16 in order to prevent or
minimize unwanted disruptions in the flow of fluid therebetween. In this context, “substantially
the same” is intended to encompass surface imperfections and irregularities attributable to the
limitations of current common manufacturing techniques. According té a further alternative

embodiment, the fluid transport tube 10 or needle 18 may be received in the base 20 such that the
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second end 14 is substantially is co-planar with the second surface 26 of the base 20 (See, e.g.,

Fig. 21).

[0048] The arrangement 100 includes at least one fluid transport-enhancing groove 30. The fluid
transport-enhancing groove 30 is located in the second surface 26 of the base 20. The groove is
preferably in fluid communication with the bore 22. The groove 30 may also extend away from
the bore 22 to an edge of the second surface 26.‘ The groove 30 may be provided in maﬁy
-different forms; Fbr example, the groove 30 can be provi&ed with a number of suitable
geometrical or cross sectional configurations. Non-limiting examples are illustrated in Figs. 7A-
7C. As illustrated in Fig. 7A, grooves 30A formed according to the principles of the presént
invention may be generally square or rectangular, and cor;lpﬂse a flat bottom. Alternatively,
grooves 30B formed according to the present invention may be éval, semi~circular, semi-oval,
and the like, and comprise a generally curved bottom. According to a further alternative, groove

30C formed according to the present invention may comprise a generally pointed bottom.

[0049] According to a further optional embodiment of the present invention, groévcs 30D -
formed according to the present invention may have a cross sectional area that varies along its
leﬁgth, as illustrated, for example, in Figs. 8-10. Such a groove 30D is illustrated in Fig. 8. As
illustrated therein, the cross sectional area of groove 30d decreases in direction of arrow AB.
The direction of arrow AB may correspond to a direction that is generally away from a bore 22.
As illustrated by groove 30D in Figs. 9-10, the cross sectional area is varied by decreasing the
depth of the groove along the direction arrow AB. This variation is shown for purposes of
illustration only, and the cross sectional area of the groove may be varied by altering other
dimensions of the groove, such as its width, as illustrated by groove 30E in Figs 11-13. In

addition, although the groove 30D of the illustrated embodiment has cross sectional area that
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decreases in a constant manner along arrow AB, the presént invention is not limited to such a
configuration. For example, the cross sectional area of a groove formed according the principles
of the present invention may change in a step-wise manner, as illustrated by groove 30E.
Alternatively, the cross-sectional area of a groove formed according to the present invention may
fluctuate along its length, such as in the shape of an hourglass, or repeated hourglass

configurations.

[0050] Grooves formed according the principles of the present invention may also havé any
suitable dimensions. In general, grooves formed according to the present invention are
dimensioned to provide enhanced capillary action‘upon contact with target fluid, such as whole
blood. For purposes of illustration only, grooves formed according to the present invention,
which are square or rectangular may have a depth on the order of 0.002-0.020 inches, and a
width of 0.002-0.020 inches. Grooves having a curved bottom may be provided with a radius of

curvature on the order of 0.002-0.022 inches.

[0051] Grooves formed according the principles of the present invention may also comprise an
additional fluid flow-enhancing feature disposed on at least a portion thereof. For example, a

- groove méy be provided with a fluid flow enhancing coating. For exampie, a coa.ting of -
polydimethaxelane (PDMS), or Silwet™, may be applied to at least a portion of the groove.
Alternatively, or in addition to the aforementioned coating, the groove may be formed in the
surface of a material having a flow enhancing property inherent thereto. For example, the
groove may be cut into the surface of a hydrophilic polymeric material. Alternatively, or in
combination with the above, the groove may also be provided with a surface texturing, which

promotes fluid flow therein.
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[0052] Grooves formed according to the principles of the present invention may be formed by
any suitable manufacturing technique. For example, grooves formed acc‘ording to the present
invention may be molded or cast in place. Alternatively, the grooves may be cut, by a suitable
removal technique, such as laser ablation, a plunge EDM technique utilizing an electrode whose

contour would match the desired groove profile, or another suitable micro-machining technique.

[0053] It should be understood that the above discussion of the various characteristics, features,
and techniques for forming grooves, applies universally to all the grooves described in the
present application regardless of the particular arrangement they may be associated with. Thus,
the above discussion will not be repeated in connection with every possible alternative
embodiment of the present invention described herein, however, the aforementioned features,
characteristics and methods of forming the grooves nonetheless applies to all the embodiments

described herein.

[0054] As illustrated in Figs. 1-2 the arrangement 100 may further comprise additional groove
31 which, for example, may have any of the above-mentioned features and characteristics of the
groove 30 or of any of the grooves formed according the principles of the present invention.
Thus, the arrangement 100 comprises at least one fluid transport-enhancing groove 30, and may

comprise a plurality of such grooves 30, 31.

[0055] An alternative arrangement 300 formed according to the principles of the present
invention, is illustrated in Figs. 3-4, The arrangement 300 is similar to the previous described
arrangement 100. Thus, discussions of those features which are common to both arrangements
100 and 300 will not be repeated herein. The arrangement 300 is constructed having at least one

groove. The at least one groove comprises of first section 30' which extends along the second
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surface 26 of the base 20, as well as a second section 30" which is provided along the second
section 29 of the bore 22. According to the illustrated embodiment, the second section 30" of the
groove is substantially linear. I;urther, according to the illustrated embodiment, the second
section 30" extends longitudinally along the second section 29 of the bore 22. The second
section 30" can have a substantially constant cross-sectional area along its length, as illustrated in
Fig. 3. Alternatively, the second section 30" can be of a varying cross-sectional area that
decreases in the direction of desired travel, as illustrated in Fig. 4. According to one
enﬁbodiment, the largest cross sectional-areg of the second section 30" is smaller than the cross-
sectional area of the lumen 16 to encourage blood to flow into grooves from lumen, then
decreases at a constant rate until arriving at a cross-sectional area that i)s slightly larger than the
.second section 30" at the transition into the first section 30°. The cross-sectional area of first
section 30° can then be a constant size or-can vary as previously described herein. The above
described alternative construction advantageously creates an increasing gradient of capillary -

force.

[0056] According to the aﬁmgement 300, since the groove originates in the bore 22 at a location
which is typically below where a meniscus of the fluid being transported (see, e.g., “M”, Fig.
23), such as whole blood, would be located, the second section of the groove 30" acts to promote
fluid flow at a location which is closer to the origin of the fluid. The combination of first and
second sections of the groove 30, 30" pull the fluid up the groove along the second section 29 of

the bore 22, and across the top surface 26 of the base 20 by enhanced capillary action.

[0057] The transition between the first and section sections 30", 30" of the groove may have any

suitable geometric configuration. According to one alternative embodiment, the transition

15
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between the first and second sections 30, 30" is rounded or radiused, so as to minimize adverse

impacts on capillary flow between first and second sections 30", 30" of the groove.

[0058] Figs. 5 and 6 illustrate a further embodiment of the present invention. As illustrated
therein, the arrangement‘ 500 comprises features which are common to the previously described
arrangements 100, 300. According to the arrangement 500, the groove comprises a first section
30 which‘extends along the second surface 26 of the base 20., as well as a second section 30"
which is disposed along the second section 29 of the bore 22. According to this embodiment, the
second section 30" is generally curved. According to the illustrated embodiment, the second
section 30" is provided in the form of a spiral groove disposed along the second section 29 of the
bore 22. The location and configuration of the second section 30" places the fluid enhancing
groove at a location which is closer to the meniscus of the fluid, and, in combination with the
first section 30' draws fluid up the second section i9, and along the second surface 26, via
enhanced dapillary action. As with the arrangement 300, the traﬂSition between the first and
second sections o-f the groove 30', 30", may be provided with any suitable geometric
configuration. According to one alternative embodiment, this transition is radiused, of curved,
$0 as to minimize adverse impacts on the flow of fluid along the transition between the first and
second sections 30', 30™, According to further alternative embodiments, the first and/or second

sections may have a cross-sectional area that varies, as previously described.

[0059] According to further alternative embodiments of the present invention, the number and
arrangement of grooves disposed in the second surface 26 of the base 20 may vary according to
the principles of the present invention. Five alternative embodiments of such arrangements are

depicted, for purposes of illustration,‘ in Figs. 14-18.
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[0060] As illustrated in Fig. 14, a plurality of grooves may be provided in the second surface 26
of the base 20, wherein each of the plurality of grooves is in fluid communication at one end
thereof with the bore 22, and with an edge of the second surface at an opposing end thereof.
According to the illustrated embodiment, grooves 32, 34, 36, 38 are disposed in the second
surface in the manner described above. Thus, each of the grooves 32, 34, 36, and 38 infersect, or
are in fluid communication with the bore 22 at a first end thereof, and extend to an edge of a

second surface 26 at an opposing end thereof.

[0061] According to a further alternative, one or more grooves may be provided which are in
fluid communication with the bore at a location other than at an end thereof. For example,
according to the illustrated embodiment depicted in Fig. 15, at least one groove 40 is provided
which tangentially intersects the bore 22 at a location that is intermediate to its ends, and is in
fluid communication therewith at this intersection. According to the illustrated embodiment, the
groove 40 may be in communication with edges of the second surface 26 at the base 20 at
opposing ends théreof. However, it should be understood the present invention contemplates
alternatives to this arrangement. For example, the groc.we 40 may tangentially intersect the bore
22 and have only end thereof in communication with an edge of the second surface 26. In.
addition, the number of grooves may differ than that of the illustrated embodiment. Thus, for
example, it is contemplated that a plurality of grooves may be provided which intersect the bore

22 in a tangential manner.

[0062] According to the embodiment depicted in Fig. 16, at least one groove may be provided in
the surface 26 of the base 20 that intersects, or is in fluid communication with, another groove,
but dogs not directly intersect the bore 22. Thus, for example, as illustrated in Fig. 16, a plurality

of grooves 42, 44, 46, 48 are provided which intersect another groove at a first end thereof, and
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is in communication with an edge of the second surface 26 at an opposing end thereof, but do not
otherwise directly intersect the bore 22. Instead, the grooves 32, 34, 36, 38 are in direct fluid
communication with the bore 22, thereby enabling fluid communication by the grooves 42, 44,

46, and 48 therewith, albeit in an indirect manner.

[0063] As illustrated in Fig. 17, at least one groove 49 may be provided in surface 26 which is in
the form of a spiral surrounding, and in fluid communication with, the bore 22. The groove 49
advantageously keeps the body fluid in a location closely centered around a quantification

member or assay pad which may be located above the groove 49.

[0064] According to another embodiment, a groove pattern 180 such as the one illustrated in Fig. -
18 may be provided on surface 26. As illustrated therein, a plurality of fluid transport grooves
182 may be provided in fluid commum'catioﬁ with the bore 22 at one end thereof, and with a
relatively large groove 184 at the opposing end. The groove 184 surrounds the bore 22.
According to the illustrated embodiments, the groove 184 is circular, however, other geometries -
are contemplated. For example, the groove 184, may be oval or in the form of a polygon. The
groove 184 provides a number of advantages. For instance, the groove 184 can collect excess
sample volume. This feature may be advantageous where a relatively large volume of body fluid
or large volume or blood is acquired during sampling. The groove 184 may optionally be at least
partially filled with an absorbent material to facilitate and enhance collection and containment of
body fluid therein. A counter bore 186 may also be provided for receiving a quantification
member or assay pad. One or more additional vent grooves 188 may be provided in
communication with the groove 184 at a first end, and with an edge of the second surface 26.
These one or more grooves 188 advantageously allow oxygen to access the groove 184, thereby

providing enhanced amounts of oxygen to a quantification member or assay pad in registry
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therewith. When the assay pad contains a reagent that reacts with an analyte contained in the
sample of body fluid, the increased availability of oxygen aids this chemical reaction. The at
least one groove 188 may have any suitable form. According to the illustrated embodiment, the
at least one groove 188 has a relatively narrow width at the end in communication with the
groove 184, and a relatively larger width at the end in communication with the edge of surface
26. Other bonﬁgurations are contemplated, as previously deécribed herein. As further
illustrated, the arrangement 180 may include a plurality of fluid communication grooves 182 in

communication with the groove 184 and/or the counter bore 186,

[0065) The grooves contained in the arrangement 180 may have any suitable dimgnsions.
According to a non-limiting example, the groove(s) 182 may be approximately .002 inches wide
and .002 inches deep, the groove 184 may be approximately .005 inches width and .010 inches
deep, and the groove(s) 188 may have a width of approximately .010 inches at the narrow end

and .00 inches at the wide end, with a depth of approximately .010 inches.

[0066] As previously noted, the grooves associated with the above embodiments of Figs. 14-18
may contain any of the previously discussed features, characteristics, and can be manufactured

. accordi;lg to the 'prcévious generic discussion of the grooves of the present invention. The above
described groove configurations may be also be combined with any of the other embodiments

and/or arrangements discussed within the present application.

[0067] Another arrangement 190 constructed according to the principles of the present invention
is illustrated in Fig. 19. The arrangement 190 further comprises an analyte quantification
member 50. The analyte quantification member 50 may be provided in many different forms. In

general, the analyte quantification member 50 may be in the form of a member that provides
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quantification by any number of suitable techniques, such as electrochemical, or photometric
analysis. According to one exemplary embodiment, the analyte quantification member 50
comprises an assay pad or membrane that contains one or more reagents selected to react with a
predetermined analyte, thereby producing a readable signal. According to one embodiment of
the present invention, the analyte quantification member 50 is in fluid communication with the
bore 22. According to a further embodiment, the analyte quantification member 50 is in direct
fluid with the bore 22. In other words, there are no additional components or features
intervening between the bore 22, which opens at the second surface 26, and at least one surface
of the analy{e quantification member 50. This arrangement is beneficial in that the fluid may be
transported from the lumen 16 and/or bore 22 directly to the analyte quantification member 50,
thereby enabling a quicker overall fluid transport operation in some arrangerr;ents of the prior art,

such as those arrangements which include one or more intervening spreading or transfer layers

between the analyte quantification member and a fluid transport channel or passageway.

[0068] The arranéement 190 may further comprise a means for securing the analyte
quantification member 50 to the base 20. Suitable means for securing include an adhesive
provided between the analyte quantification member 50 and the base 20, or one or more recess
features provided on the base 20 which trap and/or contain the quantification member 50 thcrcin,'
transparent adhesive tape placed over the quantification member 50 (not shown), or an integral
of separate cover member disposed on the base overlying the quantification member 50.
According to the illustrated embodiment, the means for securing the analyte quantification
member 50 includes a cover 54, which overlies the analyte quantification member 50. The cover
54 may provide means for allowing optical communication with the analyte quantification

member 50 lying below. Suitable means for providing optical communication includes forming
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the cover 54 entirely of a transparent or translucent material. Alternatively, the cover 54 may be
formed with one or more windows 55 of a transparent or translucent material, and wherein the
cover 54 may otherwise be formed from an opaque material. The cover 54 may be secured to the
base 20 by any suitable means. Suitable securing means include fasteners, a press fit, snaps,

latches, adhesives, and thermal bonding,

[0069] According to the illustrated arrangement 190, an optional spacer 56 may also be
provided, which limits compression of the analyte quantification member 50. The optional
spacer 56 is preferably forﬁed such that it also permits optical communication with the analyte
quantification member 50 lying below. - The arrangement 190 may also comprise a counterbore
52 receiving the apalyte quantification member 50 therein. This counterbore 52 also limits
compression of the analyte quantification member 50 by the cover 54. It should be evident that
the arrangement 190 may comprise either the counterbore 52 or the spacer 54 as an effective

means of preventing over compression, and need not include both.

[0070] The arrangement 190 may further include one or more components typically provided for
photometric detection and quantification of the analyte. For example, as illustrated in Fig. 19, a
photometric detection arrangement may be provided which includes a light source S, and a
detection element D. The detection element D may comprise any suitable arrangement. For
example, the detection element D may comprise an array of CMOS-based sensors or detection
elements. Optionally, one or more lenses L may be provided as a detection mmgeﬁent. As the
fluid sample is transported with the assistance of the at least one gfoove and/or other features
described herein, it reaches the quantification member or membrane 50, a reaction occurs
between the target analyte and one or more chemical reagents contained within the membrane

50. This reaction produces a color change in the membrane 50, which can then be detected and
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analyzed in the arrangement described above, including the light source, detection element D,
and optional lens L, in a manner familiar to those in the art. The present invention contemplates
a number of such arrangements. It should be understood that any of the embodiments or
arrangements described in the present application may include one or more of the features.

described in connection with the arrangement 190 described above.

[0071] Fig. 20 illustrates a further alternative arrangement 200 of the present invention.
According to the arrangement 200, a counter bore, or first section 28 of the bore 22 is omitted.
The second end 14 of the tube 10 or needle is received directly within the bore 22, and extends
all the way to a counter bore 52 disposed in the second surface 26 for receiving the analyte

- quantification member 50 therein. When the counter bore 28 is omitted, and the tube 10 or
needle received within the base 20 in the manner previously described, it may bg beneficial to
provide the second end of the tube 10 or needle with a bevel or taper 58. The bevel or taper 58 is
provided to permit more direct access by the fluid flowing within the lumen 16 with the groove
30. It should be évident that the arrangement 200 may comprise either the counterbore 52 or the

spacer 54 as an effective means of preventing over compression, and need not include both.

[0072] Although not illustrated, the arrangement 190 may also comprise the above-described
- photometric detection components, such as a light source S, detection element D, and optional

lens L as well as any other of the features associated with the previously described embodiments.

[0073] A modified arrangement 210 formed according to an alternative embodiment of the
present invention is illustrated in Figs. 21-22 as with the arrangement 200, the first section 28 of
the bore 22 is omitted. Accofding to the arrangement 210, the counterbore 52 is also omitted and

the tube 10 is received within the bore 22 such that the end surface 14c thereof is substantially
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coplanar with the second surface 26. A quantification member 50 is placed in direct fluid
communication with the lumen 16. One or more fluid transport grooves 30’ may be provided in
the second surface 26. Accofding to the illustrated embodiment, the one or more groove 30' may
be present in the end surface 14¢ of the tube 10 as well as the second surface. As an additional
optional feature, the arrangement 210 may further include at least one groove or groove section
30" formed in the lumen 16 of the tube 10. The at least one groove or groove section 30" may be

in fluid communication with the least one groove 30", as previously described herein.

{0074] A further alternative arrangement of the present invention is illustrated in Fig. 23. The
arrangement 230 depicted therein is formed with a counterbore 60 disposed in the second surface
26 of the base 20 for receiving the analyte qﬁantiﬁcation member 50 therein. As illustrated in
Fig. 23, the counter bore 60 is provided with a curved bottom surface. Ong or more grooves 62,
formed as previously described herein, are provided, at least along the curved bottom surface of
the counter bore 60, such that they are fluid communication with at least the second section 29 of
the bore 22 at an énd thereof. According to the illustrated embodiment, the opposing end of the
at least oné groove 62 is communication witﬁ an edge of the second surface 26. The
arrangement 230 is further provided with é compression member 64, for locating and retaining
the analyte quantification member 50. According to the illustrated embodiment, the compression
or retention member 64 has a domed or curved configuration so as to mate or generally conform
to the curved bottom surface of the counter bore 60. The compreésion or retention member 64
may be attached to the base by any suitable means, such as those previously described in
connection with the cover 54. According to the illustrated embodiment, one or more fasteners F

are provided for this purpose.
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[0075]) The énangement 230 provides certain advantages. For example, if the diameter of the )
.analyte quantification members is larger than the larger diameter of the counter bore 60, the
analyte quantification member 50 may still be conformed to and mounted within the counter bore
60, in the manner illustrated in Fig. 23. Since larger analyte quantification members are easier to
handle during the manufacturing process, this ability to install an analyte quantification member
which is larger in size than may be permitted when using squared counter bored éurfaccs,
provides and efficiency and manufacturing advantage. This arrangement also permits greater
tolerances with regard to the precision by which the analyte quantification meﬁber 50 is located.
Again, this flexibility provid¢s a manufacturing and assembly advantage wﬂich may not be
possessed by an arrangement having more conventional counterbm;e structures. Yet another
advantage which may be provided by the arrangement 230, includes fhe fact that as the analyte
quantification member or assay pad 50 is compressed within the counter bore 60, it produces a
convex curved surface on the bottom thereof, which will extend toward the meniscus of fluid M
traveling within the lumen 16 of the tube 10 or needle. Thus, this convex surface of the analyte
quantification member 50 is more likely to reach and establish positive contact with a generally

concave meniscus M of fluid traveling within the lumen 16.

[0076] The arrangement 230 may also be provided with one, or a combination, of the previously

described features.

[0077] A further alternative arrangement 240 constructed according to the present invention is
depicted in Figs. 24-25. According to the arrangement 240, the base 20 is formed as a generally
round hub shaped member having a central bore 22 formed therein. A needle 18 has a first end
12 formed in a manner adapted to pierce the skin. According to the illustrated embodiment, the

first end 12 of the needle 18 comprises a bevel B, as common to the art. A second end 14 of the
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needle 18 is received within a first section 28 of the bore 22. According to the arrangement 240,
the hublike base 20 is provided with a second surface 26 having at least one groove 30 formed
therein in a manner previously described. According to the illustrated embodiment, the
arrangement 240 further cornpriées at least one additional groove 31 disposed therein, similar to
the arrangement depicted in Fig. 1. However, as previously noted herein, numerous alternative
groove constructions and arrangements are contemplated. According to the arrangement 240, an
analyte quantification member 50 is provided along the second surface 26. In the illustrated
embodiment, the analyte quantification member 50 is in direct fluid communication with the
second section 29 of tﬁe bore 22, thereby providing the advan’;ages previously described herein.
A cover in the form of a cap 72 is provided to secure and retain the analyte quantification
‘member 50 to the base 20. As previously discussed herein, alternative devibes and arrangements
are possible for securing the analyte quantification member 50 to the base 20. According to the
illustrated embodiment, the cap may be secured to the base by any suitable means, such as
fasteners, a press fit, snaps, latches, adhesives, and/or thermal bonding. The cap 72 is preferably
constructed such that it permits optical communication with the analyte quantification member
50 lying below. Thus, the cap 72 may be formed entirely transparent or translucent material.
Alternatively, cap 72 may be formed from a generally opaque material having one or more
windows disposed therein so as permit the desired optical communication. The arrangemént 240
may further comprise a light source, detection element, and/or leps, as previously described
herein. In addition, the arrangement 240 may f;lrther comprise any of the additional features of

any other described arrangements contained herein.

[0078] The arrangement 240 may further include an actuation member 70 which is mounted to

the base 20 by any suitable mechanism.” According to the illustrated embodiment, the actuation

25

CA 2996122 2018-02-22



member 70 is disposed in a passageway extending through the hublike base 20 (see, e.g., Fig.
25). Any suitable actuation member may be provided according to the arrangement 240. In the
illustrated embodiment the actuation member 70 is in the form of torsional spring-type element.

Alternative actuation members are contemplated by the present invention.

[0079] Anintegrated device for sampling and testing a sample of body fluid for analyte
concentration is fbrmed according to the principles of the present invention may have a number
of suitable configurations. According to certain embodiments the device is configured to
perform testing by acquiring a sample of blood ﬁ'oﬁl the user, transfer the sample to an analysis
site, and-determine the concentration of glucose contained therein. These opérations are all
perfdrmed with little or no user input. For example, these operations may commence
automatically according to a specified or predetermined schedule. Alternatively, these
operations may commence at the commaﬁd of the user via, for example, pressing a start button

on the device.

[0080] The device may include disposable and reusable portions. The disposable portion may
include at least one skin piercing element/transport member and analysis site (which may include
an assay pad). The disposabfé portion may provide the capability to perform a single test. After
testing is complete, the disposable portion is discarded and replaced with a new disposable
portion before performing another test. Alternatively, the disposable portion includes a plurality
of skin piercing elements/transport members and analysis sites. Such disposable units permit a
plurality of tests to be performed before it is necessary to dispard and replace the disposable unit.

The device may be either wearable or handheld, or both.
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[0081] A non-limiting exemplary integrated device 260 is illustrated in Figs. 26-27. As
illustrated therein the device 260 generally comprises a functional portion 262, and an optional
attachment means or band 264. Thus according to the present invention, the integrated device
260 may be wearable. In addition, or alternatively, the integrated device may be oferable asa
hand-held device. For example, according to the illustrated embodiment, the band 264 can be
separated and/or otherwise removed from the user, and the device 260 stored in a suitable case or
in the user’s pocket. The band can then be grasped and used to hold the device against the skin

to perform a testing operation.

[0082] The device 260 preférable includes at least one arrangement for pérforming a
measurement of the coﬁcentration of an analyte contained in a sample of blood. According to
the illustrated embodiment, the device 260 comprises at least one arrangement 240 as described
herein compris.ing at least one skin-piercing element, at least one actuation member, such as a
torsional spring element, and at least one analysis site which may contain an assay pad. The at
least one arrangerﬁent may form part of a disposable portion or unit. According to one
embodiment, the disposable unit allows for at least one measurement of the concentration of an
analyte contained in a sample of blood prior to being discarded and replaced. According to a
further embodiment, the disposable unit allows for a plurality of measurements of the

concentration of an analyte contained in a sample of blood prior to being discarded and replaced.

[0083] Any of the arrangements and/or embodiments of the present invention may be utilized in
devices of the type described above, either entirely or partially. Thus, various combinations of
features described in connection with arrangements herein may be selected and utilized

independently or together in a multitude of different combinations.
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[0084] In addition, any of the arrangements described herein may be combined with additional

fluid flow enhancing features, such as those described in U.S. Patent Number 7,887,494
entitled FLUID SAMPLE TRANSPORT DEVICES AND METHODS. »

[0085] All of the above-described exemplary arrangements of the present invention may be used
independently, or in combination with other devices and arrangements, and systems. Inclusion
in other types of devices, wearable and non-wearable, are specifically contemplated by the

present invention.

[0086] According to the present invention, there is also provided methods for improving the
transport of a fluid. The present invention also provides methods for improving the transport of

body fluid by enhancing the capillary transport properties of a base or support member.

[0087] According to one aspect, the present invention comprises a method of improving
transport of a fluid, such as a body fluid, comprising providing a base with a bore disposed
therein extending from a first surface of fhe base through a second surface of the base; providing
a fluid transport tube having a first end, a second end opposite the first end, and a lumen having

an inner diameter, inserting at léast the second end of the tube being within the bore of the base;
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and disposing at least one fluid transport-enhancing groove comprising at least a first section in

the second surface of the base such that it is in fluid communication with the bore.

[0088] The method may further comprise disposing an analyte quantification member in fluid
communication with at least one of the bore and the at least one fluid transport enhancing
groove. The quantification member may be located such that it is in direct fluid commurﬁcaﬁon
with at least one of the bore and the at least one fluid transport enhancing groove. The
quantification member can comprise a fibrous membrane or assay pad containing a chemical
reagent chosen to react with a predetermined analyte. The method may further include providing
a cover overlying the quantification member. The cover can be constructed to permit optical
communication with the quantification member. The cover may also be in the form of a cap.
Methods of the present invention may further comprise providing a spacer interposed between
the quantification member and the cover. AA counterbore may also be formed in the second
surface of the base receiv.ing the quantification member therein. The counter bore may have at

least one of a flat bottom and a curved bottom.

[0089] The method may further include providing the fluid transport tube in the front of a
needle, wherein the first end of the needle is constructed for piercing the skin. The needle can be
formed from a metal, and the base is formed, at least in part from a metal, a polymer, a glass, or a

ceramic.

[0090] In any of the above-described methods, at least a portion of the lumen may comprise a

fluid transport enhancing feature, such as at least one of a coating and a surface texture.

[0091] The methods of the present invention may include providing the bore with a first section

1

extending ﬁom the first surface of the base and defining a counter bore receiving at least the
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second end of the fluid transport tube. The bore may also comprise a second section extending

from the second end of the fluid transport tube to the second surface of the base.

[0092] In any othhe above described methods, the at least one fluid transport enhancing groove
may further comprise a second section disposed in the second s;action of the bore, The second
section of the at least one groov.e can be substantially linear and extend longitudinally along the
second section of the bore, or may be formed substantially as a spiral in the second section of the

bore.

[0093] According to the methods of the present invention, at least one of the first and second
sections of the groove can be provided with a 4geometrical cross-sectional configuration |
comprising a flat-bottomed groove, a curved-bottom groove, or a pointed-bottom groove.
Optionally, at least one of the first and second sections of the groove comprises a cross-sectional

area that decreases in the direction extending away from the second end of the needle.

[0094] Methods ﬁerformed according to the present invention may ﬁu'ther comprise providing a
plurality of fluid transport enhancing grooves in the second surface of the base, and wherein at
least two of the plurality of grooves may intersect the bore at the second surface of the base. The
plurality of grooves may further comprise at least one groove disposed in the second surface of
the base that intersects another of the plurality of grooves, but does not intersect the bore.
Alternatively, or in addition, the at least one groove méy tangentially intersect the bore along the
second surface of the base. At least one of the first and second sections of the groove(s) may
comp;ise a fluid transport-enhancing feature, the feature comprising at least one of a coating and

a surface texture. The portion of the bore extehding from the second end of the tube to the
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second surface may comprise an additional fluid transport enhancing feature, the feature

comprising at least one of a coating and a surface texture.

[0095] According to the methods of the present invention, the base may comprise a generally
cylindrical hub. An actuation member may be attached to the hub.

[0096] According to an alternative aspect of the present invention, a method for improving
transport of a fluid, such as a body fluid, comprises providing a base having a bore disposed
therein extending from a first surface of the base through a second surface of the base; providing
a needle having a first end adapted to pierce the skin, a second end opposite the first end, anda
lumen having an inner diameter, inserting at least the second end of the tube received within the
bore of the base; disposing at least one fluid transport enhancing groove comprising at least a
first section disposed in the second surface of the base in fluid communication with the bore; and
providing an analyte quantification member in fluid communication with at least one of the bore

and the at least one fluid transport enhancing groove.

[0097] According to the methods of the present invention, a wearable or hand held blood glucose -
monitor is formed and/or operated by a method comprising, at least in part, any of the above.
described methods.,

[0098] While this invention is satisfied by embodiments in many different forms, as described in
detail in connection with preferred embodiments of the invention, it is understood that the
present disclosure is to be considered as exemplary of the principles of the invention and is not
intended to limit the invention to the specific embodiments illustrate_d and described herein.

Numerous variations may be made by persons skilled in the art without departure from the invention

as described herein. The scope of the invention will be measured by the appended claims and their
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equivalents, The abstract and the title are not to be construed as limiting the scope of the present
invention, as their purpose is to enable the appropriate authorities, as well as the general public,

to quickly determine the general nature of the invention.
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WE CLAIM:

1. An arrangementcomprising:

a base comprising a bore disposed therein extending from a first surface of
the base to a second surface opposite thefirst surtace;

a fluid transport tube comprising a first end configured to receive a fluid
sample, a second end opposite the first end and attached to the base, and a lumen
therethrough, wherein the fluid transport tube is in fluid communication with the
bore;

an analyte quantification member in fluid communication with the bore; and

a retaining member at least partially overlying the analyte quantification
member, wherein the retaining member is coupled to the base such that at least a
portion of the analyte quantification member is compressed between the retaining
member and the base, and

wherein the second surface of the base comprises a fluid transport-enhancing

groove in fluid communication with the bore.

2. The arrangement of claim 1, wherein the analyte quantification member
directly overlies the bore and directly overlies at least a portion of the fluid transport-

enhancing groove.
3. The arrangement of claim 1, wherein the at least a portion of the analyte

quantification member that is compressed forms a first region, and wherein the first

region is located along a perimeter of the analyte quantification member.

4. The arrangement of claim 3, wherein the analyte quantification member
comprises a second region, and wherein the force exerted on the analyte

quantification member is greater in the first region than in the second region.
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5. The arrangement of claim 4, wherein the second region is centrally located on

the analyte quantification member.

6. The arrangement of claim 1, wherein the base further comprises a
counterbore on the second surface, and wherein the analyte quantification member is
at least partially disposed in the counterbore.

7. The arrangement of claim 1, wherein the retaining member comprises a cap.

8. The arrangement of claim 7, further comprising a spacer interposed between

the analyte quantification member and the cap.

9. The arrangement of claim 1, wherein the retaining member is configured to

permit optical communication with the analyte quantification member.

10.  The arrangement of claim 1, wherein the fluid transport tube comprises a

needle and the first end of the needle is configured to pierce skin.

11. The arrangement of claim 10, wherein the needle is formed from a metal, and

the base is formed, at least in part, from a metal, a polymer, a glass, or a ceramic.

12.  The arrangement of claim 1, wherein at least a portion of the lumen

comprises at least one of a coating and asurface texture.
13.  The arrangement of claim 1, wherein the bore comprises a first section
extending from the first surface of the base and defining a counterbore receiving at

least the second end of the fluid transport tube.

14.  The arrangement of claim 13, wherein the bore further comprises a second
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section extending from the second end of the fluid transport tube to the second

surface of base.

15.  The arrangement of claim 14, wherein the bore further comprises a first fluid

transport-enhancing feature located in at least the second section of the bore.

16.  The arrangement of claim 15, wherein the first fluid transport-enhancing

feature extends longitudinally along the second section of the bore.

17.  The arrangement of claim 15, wherein the first fluid transport-enhancing

feature comprises a spiral groove in the second section of the bore.

18.  The arrangement of claim 15, wherein the first fluid transport-enhancing

feature has a width that decreases in a direction toward the second surface.

19. The arrangement of claim 14, wherein the second section of the bore

comprises at least one of a coating and a surface texture.
20.  The arrangement of claim 1, wherein the analyte quantification member
comprises an assay pad containing a chemical reagent configured to react witha

predetermined analyte.

21.  The arrangement of claim 1, further comprising at least one fluid transport-

enhancing groove in the fluid transport tube.

22.  The arrangement of claim 1, wherein the base comprises a hub.

23.  The arrangement of claim 22 further comprising an actuation member attached to
the hub.
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24, The arrangement of claim 1, wherein the base is formed from a material that is

more hydrophilic than the fluid transport tube.

25.  The arrangement of claim 1, wherein the arrangement lacks a spreading layer.

26.  Anintegrated analyte detector device comprising the arrangement of claim 1.

27.  The device of claim 26, wherein the device is configured to be wearable or

handheld.

28. The device of claim 27, wherein the device is constructed to perform at least one

blood glucose concentration measurement.

29.  Thedevice of claim 28, wherein the device is constructed to perform multiple

blood glucose concentration measurements.

30. The arrangement of claim 1, wherein the fluid transport-enhancing groove

comprises a plurality of fluid transport-enhancing grooves.

31. The arrangement of claim 1, wherein the second end of the fluid transport tube is

positioned within the bore.

32. The arrangement of claim 1, wherein the base further comprises a counterbore
on the second surface, and wherein the analyte quantification member is at least partially

disposed over the counterbore.
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