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DETECTION METER AND MODE OF OPERATION

FIELD
[0001] The present invention relates to devices, arrangements and
methods involving measurements of the presence or concentration of an

analyte contained in a sample of body fluid.

BACKGROUND

[0002] In this specification where a document, act or item of knowledge is
referred to or discussed, this reference or discussion is not an admission
that the document, act or item of knowledge or any combination thereof was
at the priority date, publicly available, known to the public, part of common
general knowledge, or otherwise constitutes prior art under the applicable
statutory provisions; or is known to be relevant to an attempt to solve any
problem with which this specification is concerned.

[0003] According to the American Diabetes Association, diabetes is the
fifth-deadliest disease in the United States. Since 1987 the death rate due to
diabetes has increased by 45 percent. There are an estimated 20.8 million
children and adults in the United States, or 7% of the population, who have
diabetes. The total annual economic cost of diabetes in 2007 was
estimated to be $174 billion. This is an increase of $42 billion since 2002.
This 32% increase means the dollar amount has risen over $8 billion each
year.

[0004] A critical component in managing diabetes is frequent blood
glucose monitoring. Currently, a number of systems exist for self-monitoring
by the patient. Most fluid analysis systems, such as systems for analyzing a
sample of blood for glucose content, comprise multiple separate
components such as separate lancing, transport, and quantification portions.
These systems are bulky, and often confusing and complicated for the user.
[0005] As a result, certain efforts have been made to develop an

"integrated device" that combines the steps and mechanisms for acquiring a
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sample body fluid, transporting the body fluid to a measurement device, and
quantifying the level of analyte contained in the sample body fluid all in a
single device. Examples of such devices are illustrated in U.S. Patent Nos.
6,540,675 and 7,004,928. Although such devices are designed to reliably
obtain an adequate sample volume from the user, occasionally, for a
number of different reasons, the device will be unable to successfully collect
and transport an adequate sample volume for analysis on a first attempt.
Devices such as those described above include a skin-penetration member,
such as a needle which is driven into the surface of the skin of the user.
Once the skin-penetration member has been triggered or activated, such
devices typically lack the ability to be "re-cocked" so that the same skin-
penetration member can be used again to pierce the surface of the skin.
When an inadequate sample volume is collected and transported as a result
of the initial wound creation, that particular test cannot proceed. Thus, the
test is "wasted." The user must perform a new test using a fresh skin-
penetration member and quantification member. This can increase the
costs to the user associated with monitoring the analyte or glucose levels.
Moreover, the inability to salvage a successful test from a single wound
means that the user will often create a separate wound at a new sampling
site, or be forced to cause further damage to the existing wound in order to
collect and transport an adequate sample volume for analysis. This
obviously increases the pain and frustration experienced by the user, which
is counterproductive to the goal of encouraging the user to frequently and
systematically monitor their analyte or glucose levels.

[0006] Therefore, there is a need in the art for providing body fluid
sampling and analysis techniques and devices which offer the user greater
flexibility in the collection of an adequate sample volume to present to the

device for analysis.

SUMMARY
[0007] According to the present invention, there are provided

constructions, arrangements and techniques that may address one or more
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of the above-mentioned objectives. However, the present invention is not
limited to the context of blood sampling performed for the purposes of
monitoring glucose concentration. Numerous alternative applications or
uses for the concepts described herein are contemplated.

[0008] According to certain aspects of the present invention, there are
provided devices, constructions, arrangements and techniques that may
optionally provide one or more of the following benefits or advantages:
notifying the user that an inadequate sample volume has been collected or
transported, and providing the user with an opportunity to re-apply a sample
of body fluid in order to provide the necessary sample volume for analysis.
[0009] As used herein "digital" means fingers or toes, and encompasses
lancing sites on the dorsal or palm side of the distal finger tips.

[0010] As used herein, "body fluid" encompasses whole blood, intestinal
fluid, and mixtures thereof, as well as urine, saliva and other fluids contained
in the body.

[0011] As used herein "integrated device" or "integrated meter” means a
device or meter that includes all components necessary to perform sampling
of body fluid, transport of body fluid, quantification of an analyte, and display
of the amount of analyte contained in the sample of body fluid.

[0012] Itis to be understood that reference herein to first, second, third
and fourth components (etc.) does not limit the present invention to
embodiments where each of these components is physically separable from
one another. For example, a single physical element of the invention may
perform the functions of more than one of the claimed first, second, third or
fourth components. Conversely, a plurality of separate physical elements
working together may perform the functions of one of the claimed first,
second, third or fourth components. Similarly, reference to first, second
(etc.) method steps does not limit the invention to only separate steps.
According to the invention, a single method step may satisfy multiple steps
described herein. Conversely, a plurality of method steps could, in

combination, constitute a single method step recited herein. In addition, the

-3-



10

15

20

25

30

WO 2009/148624 PCT/US2009/003441

steps of the method are not necessarily limited to the order in which they are
described or claimed herein. The term "and" is generally intended to include
the alternative of the terms appearing on either side thereof, and does not
generally require the presence of both.

[0013] According to one aspect, the present invention is directed to a
method of performing an assay to determine the presence or concentration
of an analyte contained in a sample of body fluid by using a device
comprising at least one analyte quantification member and a sensor
associated therewith, the method comprising: applying a first sample to the
analyte quantification member; detecting the presence or absence of an
adequate sample volume; wherein upon detection of the absence of an
adequate sample volume, initiating a finite timed period, and signaling the
user to introduce a second sample of body fluid to the analyte quantification
member.

[0014] According to another aspect, the present invention is directed to a
device for performing an assay to determine the presence or concentration
of an analyte contained in a sample of body fluid, the device comprising: at
least one analyte quantification member; at least one passageway in fluid
communication with the at least one analyte quantification member; a
sensor constructed and arranged to detect the presence or absence of an
adequate sample volume applied to the at least one analyte quantification
member; and a controller in signal communication with the sensor, the
controller is configured and arranged such that upon detection of the
absence of an adequate sample volume, the controller initiates a finite timed
period and signals the user to introduce another sample of body fluid into
the at least one passageway.

[0015] A device for collecting a sample of body fluid, the device
comprising: a skin interface member and a skin penetration member,
wherein at least one of the skin interface member and the skin penetration
member comprises a guide element configured to direct the flow of body

fluid in a desired direction toward a desired location.
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BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0016] The following description of preferred embodiments can be read in
connection with the accompanying drawings in which like numerals
designate like elements and in which:

[0017] Figure 1 is a flowchart illustrating certain methods performed
according to the principles of the present invention.

[0018] Figure 2 is a front perspective view of a device formed according to
other aspects of the present invention.

[0019] Figure 3 is a cut away side view of the device of Figure 2.

[0020] Figure 4 is a partial sectional view of an alternative embodiment of
the present invention.

[0021] Figure 5 is a side view of an additional embodiment of the present

invention.

- [0022] Figure 6 is a partial sectional view of a further embodiment of the

present invention.

[0023] Figure 7 is a partial sectional view of still another embodiment of
the present invention.

[0024] Figure 8 is a partial sectional view of an arrangement formed
according to a further aspect of the present invention

[0025] Figure 9 is a partial sectional view of an arrangement formed
according to a further alternative embodiment of the present invention.

[0026] Figure 10 is a top perspective view of the arrangement of Figure 9.

DETAILED DESCRIPTION

[0027] According to a first aspect of the present invention, there are
provided techniques for performing an assay to determine the presence
and/or concentration of an analyte contained in a sample of body fluid. For
example, according to the present invention, the techniques described
herein can be used to analyze a sample of body fluid to quantify the amount
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of an analyte (e.g., glucose, bilirubin, alcohol, controlled substances, toxins,
hormones, proteins, etc.) contained therein.

[0028] Exemplary methods performed according to the principles of the
present invention are illustrated by the flowchart appearing in Figure 1. The
method begins with the production of a sample of body fluid. The mannerin
which the sample of body fluid is produced or collected is not critical to the
practice of the techniques of the present invention. For example, in a
situation where the methods or techniques of the present invention are
practiced in the context of patient self-monitoring of blood glucose levels, or
taking a blood glucose level measurements in a clinical setting, a small
volume of blood can be produced by piercing the skin to create a wound at a
sampling site from which the body fluid can be expressed. The sampling
site that is chosen may include a digital skin surface, or an alternative
sampling site such as the forearms, thighs, and the like. Thus, as indicated
by the broken-line process box appearing in Figure 1, the step of piercing
the skin is optional within the context of the methods and techniques of the
present invention. When practiced, the skin can be pierced by any suitable
device or technique. Suitable devices and techniques include lancets,
hollow needles, a burst of fluid pressure, concentrated energy (e.g., laser),
and the like.

[0029] Once a sample of body fluid has been produced, it is then applied
to at least one analyte quantification member. Any suitable form of analyte
quantification member may be utilized. Thus, for example, the analyte
quantification member can be either electrochemical or photometric in
nature. According to one particular illustrative, non-limiting embodiment, the
least one analyte quantification member may comprise an assay pad
containing a chemical reagent which is formulated such that a color change
is produced upon reaction with a target analyte, as known per se to those
skilled in the art.

[0030] At least one sensor is utilized to for purpose of detecting the

presence or absence of an adequate sample volume. Any suitable sensor
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construction or arrangement may be utilized to detect, calculate and/or
estimate sample volume. Thus, for example, the sensor may be either
electrochemical or photometric in nature. The sensor may be separate and
not otherwise associated with the least one analyte quantification member.
According to one illustrative, non-limiting example, the sensor may comprise
a flow sensor which detects, and possibly quantifies, the flow of body fluid to
the least one analyte quantification member. Alternatively, the least one
sensor may comprise an electrochemical or optical sensor that interrogates
the at least one analyte quantification member to detect the presence of the
sample of body fluid, and to calculate and/or estimate the volume of the
sample. According to one non-limiting example, when the at least one
analyte quantification member comprises an assay pad containing a
chemical reagent which changes color upon exposure to the target analyte,
an optical sensor can be used to interrogate the at least one analyte
quantification member and detect this color change in those areas of the
assay pad which have been contacted by the body fluid sample containing
the target analyte. Examples of suitable sensors which can be utilized in
this manner include, but are not limited to, CCD and CMOS type sensors.
The sensor can also determine or estimate the area of the assay pad which
has changed color due to contact with the sample of body fluid. This area
can then be used by supporting electronics to calculate and/or estimate the
volume of body fluid applied to the at least one analyte quantification
member. A detailed explanation of such a calculation or estimation is
contained in U.S. Patent No. 7,052,652, the entire contents of which are
incorporated herein by reference.

[0031] If the sensor determines that an adequate volume of body fluid has
been introduced to the least one analyte quantification member within an
acceptable time frame , the assay continues with the calculation of the
presence and/or amount of analyte contained within the sample of body
fluid. Optionally, the user may be signaled by the device or meter that an

adequate volume of sample has been detected. Any suitable audible and/or
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visual signal may be generated and used for this purpose. Thus, for
example, a message containing alphanumeric characters and/or symbols
can be generated on a display. Alternatively, a "green light" or other visual
cue may be generated by any portion of a meter or device. In addition, an
audible signal, such as a spoken message or audible cue may be generated
instead of, or in addition to, the above mentioned visual signal. Again, any
suitable technique can be utilized to detect the analyte and/or calculate its
concentration. Thus, for example, both electrochemical and photometric
techniques can be utilized. According to one non-limiting example, when at
least one analyte quantification member comprises an assay pad containing
a chemical reagent which produces a color change upon reaction with the
target analyte, an optical sensor can be utilized to interrogate the at least
one analyte quantification member, subsequent to the detection of an
adequate sample volume, to detect to change in color produced by reaction
between the target analyte and the chemical reagent. This change in color
can then be correlated with a particular analyte concentration. This type of
photometric analysis is known per se to those skilled in the art. Once a
calculation of the amount of target analyte contained in the sample of body
fluid has been performed, the results of the calculation can then be
displayed for the user. Any suitable arrangement of conventional electronics
and/or software components, which may include a controller, central
processing unit (CPU), memory components, electrical connections, and the
like, can be utilized in conjunction with the above-mentioned sensor and at
least one analyte quantification member to perform the necessary
calculations, and generate visual and/or audible signals.

[0032] If the sensor determines that an inadequate volume of body fluid
has been introduced to the least one analyte quantification member within
the above-mentioned time frame, according to the present invention steps
are then taken in an attempt to salvage the assay. A second finite time
period can be initiated which allows the user time to take additional steps to

supply an adequate volume of body fluid. This second finite time period
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may comprise any suitable amount of time. According to illustrative non-
limiting examples, the second finite time period can be less than one minute,
or 45 seconds or less. The user may also be provided with a visual and/or
audible signal to indicate that additional steps are necessary in order to
apply an adequate volume of body fluid to perform the assay. This signaling
may take place prior to the start of the finite time period, concurrently with
the start of the finite time period, or subsequent to the start of the finite time
period. Any suitable visual and/or audible signal may be utilized, as
discussed above.

[0033] In response to receiving the signal to take additional steps to
produce an adequate sample of body fluid, and present it to the least one
analyte quantification member, any additional steps which could produce
such additional sample volume may be undertaken. According to one non-
limiting example, when the sample of body fluid has been produced by
piercing the skin to create a wound from which body fluid can be expressed,
the additional steps taken to increase the volume of the sample body fluid
may include having the user apply a manual "milking" action in the vicinity of
the wound. This is achieved by alternately squeezing and releasing the skin
in the vicinity of the wound to express additional body fluid therefrom. This
technique is well-known by people who have diabetes and regularly monitor
their blood glucose levels, and is often successful in expressing a sufficient
quantity of body fluid in order to perform an assay to determine blood
glucose concentration.

[0034] Alternatively, some techniques and devices for producing a sample
of body fluid by piercing the skin utilize some form of catalyst to increase the
amount of body fluid expressed from the wound created by piercing the skin.
Suitable catalysts include heat, pressure, vacuum, vibration, and topical
drugs. These catalysts may be applied before, during, or after piercing the
skin, or a combination of these times. According to the present invention, if
an inadequate quantity of body fluid is produced after piercing the skin, upon
receiving the above-mentioned signal that an inadequate sample body fluid
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has been detected, the user may then be instructed, or decide on their own,
to administer a catalyst in the vicinity of the wound in an attempt to increase
the amount of body fluid expressed therefrom, regardless of whether or not
a catalyst was utilized in connection with the initial wound creation and body
fluid sample extraction. Any suitable arrangement of conventional
electronics and/or software components, which may include a controller,
central processing unit (CPU), memory components, electrical connections,
display components, and the like, can be utilized to generate visual and/or
audible signals, which may include specific instructions with respect to the
reapplication of a catalyst. It is comprehended within the scope of the
present invention that the user may make one, or multiple attempts, to
produce an adequate volume of body fluid within the second predetermined
time period. If more than one attempt is made, the same technique (e.g.,
milking or application of a catalyst) can be repeated. Alternatively, the
multiple attempts can comprise a combination of different techniques for
expressing an adequate sample volume. By way of nonlimiting example, a
user could attempt to milk additional body fluid from the wound one orr more
times, and if unsuccessful, then apply a catalyst to the wound site one or
more times, all within the predetermined second time period. This technique
or functionality is represented in the flow diagram appearing in Figure 1. |t
should be understood that any of the techniques or methods described
herein may be practiced so as to include this technique or functionality.
Similarly, any device or arrangement described herein may also be
constructed, or utilized, in a manner consistent with this technique or
functionality.

[0035] If the sensor determines that an inadequate volume of body fluid
has been introduced to the least one analyte quantification member within
the above-mentioned second finite time period, the assay may be
terminated. An appropriate signal may be generated to indicate to the user

that the assay has been terminated, or the testing event has failed.
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[0036] If the sensor determines that an adequate volume of body fluid has
been introduced to the least one analyte quantification member within the
above-mentioned second time period, the assay can then continue. Thus,
the assay continues with the calculation of the presence and/or amount of
analyte contained within the sample of body fluid. Again, any suitable
technique can be utilized to detect the analyte and/or calculate its
concentration. Thus, for example, both electrochemical and photometric
techniques can be utilized, such as those non-limiting examples already
discussed above. Once the analyte presence and/or concentration has
been calculated, the results may be presented to the user by one or more of
visual and audible signals.

[0037] Since body fluid such as blood may naturally attempt to coagulate
upon exposure to the environment, it may be advantageous to take some
measures which will permit the continued flow of body fluid after a certain
period of time has elapsed. Thus, for example, a sample of body fluid may
be applied to the at least one analyte quantification member which proves to
have an inadequate volume. Upon detection of this inadequate volume, and
with the optional signaling to the user of this condition, the additional steps
discussed above may be taken in order to attempt to salvage the test. As
mentioned above, these additional steps may take some period of time to
complete. During the period of time which is elapsed since the first
application of body fluid, the above-mentioned coagulation effect may
impede or completely block the flow of additional sample which is
subsequently applied. Therefore, according to the principles of the present
invention, steps may be taken to prevent coagulation of the body fluid. One
illustrative, non-limiting example would be to apply an anticoagulant
material, at least partially, to one or more components or members within
which the body fluid comes into contact. Examples of suitable anticoagulant
materials may include, but are not limited to, aspirin, heparin and
Coumadin®.

-11 -



WO 2009/148624 PCT/US2009/003441

10

15

20

25

30

[0038] According to further aspects of the present invention, there are
provided arrangements and/or devices which are constructed and arranged
to have a more flexible mode of operation and that may achieve one or more
of the advantages associated with the principles of the present invention. It
is to be understood that any of the arrangements and/or devices described
herein may be utilized to practice the techniques or methods of the present
invention which have been previously described.

[0039] One embodiment of an arrangement 10 of the type described
above may be in the form of a device, as illustrated in Figures 2-3. As
illustrated therein, the arrangement 10 may optionally be in the form of an
integrated meter or device 11. It should be understood that any of the
methods, arrangements and devices described herein may be practiced with
an integrated meter, which may have one or more of the features of the
integrated device 11 of the illustrated embodiment. However, it should be
made clear that the present invention is necessarily not so limited. The
methods, arrangements and devices of the present invention are applicable
to a number of different devices and systems, such as simple lancing
devices, meters that lack any sample creation mechanisms, multiple
component systems, and the like. Similarly, the arrangements and devices
described herein can be constructed and arranged to function in accordance
with the methods of the present invention, but are not necessarily so limited.
[0040] The methods, arrangements and devices described herein may be
used at, or applied to, a skin surface of a user at a suitable sampling site.
One suitable sampling site is on a digit D. However, the methods,
arrangements and devices are not necessarily so limited. For example, the
methods, arrangements and devices described herein may be used or
applied to any skin surface at any suitable sampling site which may include
alternative sampling sites such as the forearm, thigh, etc.

[0041] According to the embodiment illustrated in Figures 2-3, the
arrangement 10 or meter 11 includes a housing 12. The housing 12 may

have any suitable shape or configuration, and is not limited to the shape and
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configuration illustrated. For example, the housing 12 be contoured such
that it is easily grasped by the hand of the user. The housing 12 can be
constructed of any suitable material. For example, the housing 12 may be
constructed of a polymeric or metallic material. The housing 12 may
comprise an opening 14 disposed therein. A skin interface member 16 may
be disposed in the opening 14 and attached to the housing 12. The skin
interface member 16 can be provided with any suitable construction, or
formed from any suitable materials. For example, the skin interface member
can be formed from an elastomer, silicone rubber, soft plastic, or
combination of materials with different properties. A number of alternative
skin interface member constructions are contemplated, as will be further
described herein.

[0042] The arrangement 10 or device 11 may further optionally include a
catalyst to assist in the sample acquisition process by enhancing or
facilitating perfusion of body fluid at a sampling site. At least one of several
catalysts may be utilized or included in the arrangement of the present
invention. Possible catalysts include, heat, pressure, vacuum, vibration, and
topical drugs (which induce vasodilatation and increases the blood or body
fluid available at the lancing site). These catalysts may be applied before,
during, after piercing of the skin, or in a combination with some or all three
times, to facilitate expression of sufficient quantity of body fluid BF for
determination of the concentration of an analyte (e.g., glucose) contained
therein. According to the principles of the present invention, one or more of
the above-described catalysts can be used in combination with each other,
either concurrently or sequentially.

[0043] According to certain embodiments, a light vacuum (e.g., 3-8 in. Hg)
is applied to the surface of the skin at the sampling site via opening14, either
before, during, and/or after piercing the skin. Several embodiments for
applying vacuum to the wound site are contemplated. One embodiment
uses a pump 18 to apply vacuum to the area of the skin via the opening 14.
The pump 18 is in communication with the opening via any suitable

-13 -
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mechanism, such as the illustrated fluid communication line 20. Alternative
embodiments include using individually packaged vacuum chambers to
apply vacuum, or using a syringe like mechanism to apply vacuum.

[0044] The arrangement 10 or device 11 may further comprise any
suitable form of analyte quantification member 24. For example, the analyte
quantification member 24 can be either electrochemical or photometric in
nature. According to one particular illustrative, non-limiting embodiment, the
least one analyte quantification member 24 may comprise an assay pad 26
containing a chemical reagent which is formulated such that the color
changes produced upon reaction with a target analyte, as known per se to
those skilled in the art. A sample of body fluid BF may be introduced to the
analyte quantification member by any suitable construction or technique.
For example, the sample of body fluid BF may be introduced via the opening
14 and/or passageway 22.

[0045] Atleast one sensor 28 may be provided in conjunction with the at
least one analyte quantification member 24. Any suitable sensor 28
construction or arrangement may be provided to interrogate the at least one
analyte quantification member 24. The sensor may be integrated with the
analyte quantification member 24, or it may be separate and not otherwise
associated therewith. For example, the analyte quantification member 24
can be analyzed by a sensor 28 that forms part of the arrangement 10 or
device 11. Alternatively, the analyte quantification member 24 is removed or
separate from the arrangement 10 or device 11, and inserted into an
electrochemical or photometric meter.

[0046] The least one sensor 28 may comprise an electrochemical or
optical sensor that interrogates the at least one analyte quantification
member 24 to detect the presence of the sample of body fluid, and/or to
calculate or estimate the volume of the sample. According to one non-
limiting example, when the at least one analyte quantification member
comprises an assay pad 26 containing a chemical reagent which changes

color upon exposure to the target analyte, an optical sensor 28 can be used
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to interrogate the at least one analyte quantification member 24 and detect
this color change in those areas of the assay pad 26 which have been
contacted by the body fluid sample BF containing the target analyte.
Examples of suitable optical sensors which can be utilized in this manner
include, but are not limited to, CCD and CMOS type sensors. The sensor
28 can also determine or estimate the area of the assay pad which has
changed color due to contact with the sample of body fluid. This area can
then be used to calculate and/or estimate of the volume of body fluid applied
to the at least one analyte quantification member. A detailed explanation of
such a calculation or estimation is contained in U.S. Patent No. 7,052,652,
the entire contents of which are incorporated herein by reference.

[0047] The arrangement 10 or device 11 may further includes at least one
skin-penetration member 30. The at least one skin-penetration member 30
can take any suitable form. For example, the at least one skin-penetration
member can comprise a solid lancet or a hollow needle. Conventional
arrangements often require separate mechanisms for drawing a sample of
blood to the surface of the skin and for transporting the sample to a reaction
chamber. The arrangements of the present invention can optionally include
a skin-penetration member 30 in the form of a hollow needle having an inner
lumen to both create a wound opening and transport the sample, thereby
greatly simplifying and improving the effectiveness of the arrangement 10 or
device 11.

[0048] According to one optional embodiment, the skin-penetration
member(s) 30 can be in the form of a so-called "microneedle." As the name
implies, microneedles are characterizable by their relatively small outer
diameters. For example, a microneedle, as the term is utilized herein, may
encompass a skin-penetration member having an outside diameter which is
on the order of 40-200 um. When the microneedle is hollow and comprises
an inner lumen, the inside diameter can vary. For example, having an inside
diameter on the order of 25-160 um. Needles are also characterizable in the

art by reference to the "gage." By way of illustration, and consistent with the
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above description, microneedles having a gage ranging from 26-36 are
clearly comprehended by the present invention. Certain advantages may be
gleaned from the use of such microneedles as the skin-penetration member.
In particular, due to their small size, the size of the wound left upon entry
into the skin is relatively small, thereby minimizing the pain associated with
such needle insertions and allowing for a quicker healing process. However,
the present invention is certainly not limited to the use of such microneedles.
Thus, for example, according to one possible alternative embodiment, the
skin penetration member(s) comprise hollow needles having a gage of about
20-25, or comprising hollow needles having an inner diameter of about
0.007 inches and an outer diameter of about 0.020 inches.

[0049] The at least one skin-penetration member 30 can be formed of any
suitable material, such as metal, plastic, glass, etc. Optionally, the at least
one skin penetration member can be in fluid communication with an analyte
quantification member 24.

[0050] The at least one skin-penetration member 30, and/or the analyte
quantification member 24 can be attached to an actuation element (not
shown), such as a spring. The actuation element drives the at least one
skin-penetration member 30 into the skin at the sampling site.

[0051] As further illustrated in Figures 2-3, the arrangement 10 or device
11 can comprise a plurality of skin penetration members 30 and/or analyte
quantification members 24. The plurality of skin penetration members 30
and/or analyte quantification members 24 may optionally be mounted within
a removable cartridge 32. Thus, the arrangement 10, particularly when in
the form of an integrated device 11, is capable of performing a number of
assays on collected body fluid BF samples in a fully self-contained a
manner. After a number of assays have been performed which correspond
to the number of skin penetration members 30 and analyte quantification
members 24, the cartridge 32 can be removed, discarded, and replaced with

a new cartridge.
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[0052] According to certain embodiments of the present invention, the
arrangement 10 can operate in an automatic or semi-automatic manner.
For example, a user may place the skin interface member 16 over the
surface of the skin and when the user is ready to produce a sample of body
fluid and/or perform an assay, the user initiates the process by, for example,
pressing a button 33, touch screen or other interface device. This can
initiate a programmed sequence of events in the device which may include
one or more of actuation of a catalyst, and driving the skin-penetration
member 30 into the skin. At a predetermined time, the catalyst is
deactivated. This mode of operation can be characterized as "semi-
automatic” in that sequence of events must be manually initiated by the
user.

[0053] According to one alternative, the mode of operation can be fully
automatic. For example, the user places the skin interface member 16 over
the skin at a suitable sampling site. The arrangement 10 or device 11 can
be provided with one or more sensor 17 that detect and verify that the skin
of the user is properly located over the opening 14 and ready for the
sampling procedure to begin. The one or more sensor can comprise any
suitable sensor, such as a capacitive touch sensor, a resistive touch sensor
a dome switch, or a microswitch. Once this state has been sensed, the
device automatically activates a programmed sequence of events in the
device which may include one or more of activation of a catalyst, and driving
the skin-penetration member 30 into the skin. At a subsequent
predetermined time, the catalyst device 14 is deactivated. The catalyst
device can be deactivated before, during or after the skin-penetration
member is driven into the skin.

[0054] An arrangement 10 or device 11 formed according to the principles
of the present invention may also include supporting electronics. Thus, for
example, the arrangement 10 or device 11 may include a controller 34 which
is in signal communication 36 with the sensor 28 and the optional pump 18.

The controller 34 may include a central processing unit, memory, control
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logic (e.g., code), power supply, supporting electronics, and the like, as
familiar per se to those skilled in the art. The controller 34 controls the
operations of the arrangement 10 or device 11.

[0055] The controller 34, in conjunction with one or more of the features of
the arrangement 10 or device 11 described herein, may be used to execute
one or more of the steps of the methods described above in connection with
certain aspects of the present invention. Exemplary body fluid analysis
methods which may be performed in conjunction with the above-described
arrangement 10 or device 11, but are not necessarily limited thereto, is
described as follows.

[0056] The manner in which the sample of body fluid is produced or
collected is not critical to the practice of the techniques of the present
invention. For example, in a situation where the methods or techniques of
the present invention are practiced in the context of patient self-monitoring
of blood glucose levels, or taking a blood glucose level measurements in a
clinical setting, a small volume of blood can be produced by piercing the skin
to create a wound at a sampling site from which the body fluid can be
expressed. The sampling site that is chosen may include a digital skin
surface, or an alternative sampling site such as the forearms, thighs, and the
like. Thus, when the arrangement 10 is implemented in the form of an
optional integrated device (e.g., 11), the skin can be pierced by the at least
one skin-penetration member 30 to create a wound in the surface of the skin
from which a sample of body fluid BF can be expressed.

[0057] Once a sample of body fluid BF has been produced, it is then
applied to at least one analyte quantification member 24 via the opening 14
and/or passageway 22. The sensor 28 may optionally be utilized to for
purpose of detecting the presence or absence of an adequate sample
volume. According to one non-limiting example, when the at least one
analyte quantification member 24 comprises an assay pad 26 containing a
chemical reagent which changes color upon exposure to the target analyte,

an optical sensor can be used to interrogate the at least one analyte
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quantification member and detect this color change in those areas of the
assay pad 26 which have been contacted by the body fluid sample BF
containing the target analyte. This area can then be used by supporting
electronics (e.g., controller 34, central processing unit, memory, control logic
(e.g., code), power supply, etc.) to calculate and/or estimate of the volume
of body fluid applied to the at least one analyte quantification member as
previously described herein.

[0058] If the sensor 28 determines that an adequate volume of body fluid
has been introduced to the least one analyte quantification member within
an acceptable time frame, the controller 34 directs the assay to continue
with the calculation of the presence and/or amount of analyte contained
within the sample of body fluid. When at least one analyte quantification
member 24 comprises an assay pad 26 containing a chemical reagent
which produces a color change upon reaction with the target analyte, the
sensor 28 can be utilized to interrogate the at least one analyte
quantification member 24, subsequent to the detection of an adequate
sample volume, to detect the change in color produced by reaction between
the target analyte and the chemical reagent. This change in color can then
be correlated with a particular analyte concentration. This type of
photometric analysis is known per se to those skilled in the art. Once a
calculation of the amount of target analyte contained in the sample of body
fluid has been performed, the results of the calculation can then be visually
presented on a display 38, or audibly communicated via a speaker 42, for
the user.

[0059] If, as a result of the interrogation by the sensor 28, it is determined
that an inadequate volume of body fluid BF has been introduced to the least
one analyte quantification member 24 within the above-mentioned time
frame, according to the present invention steps are then taken in an attempt
to salvage the assay. A second finite time period can be initiated by the
controller 34 which allows the user time to take additional steps to apply an
adequate volume of body fluid. This second finite time period may comprise
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any suitable amount of time. According to illustrative non-limiting examples,
the second finite time period can be less than one minute, or 45 seconds or
less. The controller 34 may also provide the user with a visual signal 40 on
the display 38, and/or audible signal via speaker 42, to indicate that
additional steps are necessary in order to apply an adequate volume of body
fluid to perform the assay. This signaling may take place prior to the start of
the finite time period, concurrently with the start of the finite time period, or
subsequent to the start of the finite time period.

[0060] In response to receiving the signal to take additional steps to
produce an adequate sample of body fluid, and present it to the at least one
analyte quantification member 24, any additional steps which could produce
such additional sample volume may be undertaken. According to one non-
limiting example, when the sample of body fluid has been produced by
piercing the skin to create a wound from which body fluid can be expressed,
the additional steps taken to increase the volume of the sample body fluid
may include having the user or apply a manual "milking" action in the vicinity
of the wound. This is achieved by alternately squeezing and releasing the
skin in the vicinity of the wound to express additional body fluid therefrom.
This technique is well-known by people who have diabetes and regularly
monitor their blood glucose levels, and is often successful in expressing a
sufficient quantity of body fluid in order to perform an assay to determine
blood glucose concentration. Once additional sample has been milked from
the wound, the additional or "second" sample is applied to the analyte
quantification member 24 via the opening 14 and/or passageway 22.

[0061] Alternatively, if an inadequate quantity of body fluid BF is produced
after piercing the skin in conjunction with a first application of a catalyst,
upon receiving the above-mentioned signal that an inadequate sample body
fluid has been detected, the user may then be instructed via the
aforementioned signaling, or decide on their own, to administer a catalyst of
in the vicinity of the wound in an attempt to increase the amount of body

fluid expressed therefrom regardless of whether a catalyst was used in
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conjunction with initial wound creation and body fluid sample extraction.
Thus, for example, when a vacuum catalyst is utilized the user may be
instructed, or decide on their own, to place the skin interface member 16
over the wound and reapply the vacuum catalyst. The catalyst can be
applied in any suitable manner. Thus, after placing the skin interface
member 16 over the wound, the user can initiate the catalyst by pressing a
button 33, touchscreen or any other suitable interface device. Alternatively,
the application of the catalyst may be automatically initiated through sensing
that the skin is properly located over the skin interface member 16, as
described above.

[0062] If the sensor 28 determines that an inadequate volume of body
fluid BF has been introduced to the least one analyte quantification member
24 within the above-mentioned second finite time frame, the assay may be
terminated. An appropriate signal may be generated on the display 38 or
via the speaker 42 to indicate to the user that the assay has been
terminated, or the testing event has failed.

[0063] If the sensor 28 determines that an adequate volume of body fluid
has been introduced to the least one analyte quantification member 24
within the above-mentioned second time frame, the assay can then
continue. Thus, the assay continues with the calculation of the presence
and/or amount of analyte contained within the sample of body fluid in the
manner described above. Once the analyte presence and/or concentration
has been calculated, the results may be presented to the user through one
or more of visual and audible signals via the display 38 or speaker 42.
[0064] Since body fluid such as blood may naturally attempt to coagulate
upon exposure to the environment, it may be advantageous to take some
measures which will permit the continued flow of body fluid after a certain
period of time has elapsed. Thus, according to one illustrative, non-limiting
example an anticoagulant material may be applied, at least partially, to one
or more of the opening 14, skin interface member 16, passageway 22, or

any other components or members with which the body fluid comes into
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contact. Examples of suitable anticoagulant materials may include, but are
not limited to, aspirin, heparin and Coumadin®. According to a further
alternative embodiment, and additional agent or material may be applied to
either the opening 14, skin interface member 16, passageway 22, or other
components are members with which the body fluid comes into contact that
improves the flow of body fluid. Such additional agents or materials include,
for example, Silwet®. According to additional alternative embodiment, one
or more of the above-mentioned parts or components of the arrangement 10
or device 11 can be coated with a combination of these two types of
materials. According to one illustrative, non-limiting example, one or more of
the above-mentioned parts or components are coated with a solution having
a composition such as: 49.4ml of sterile water + 49.4ml of sterile isopropyl
alcohol + 0.8ml of Silwet™ L7600 + .46 grams of low molecular weight
heparin.

[0065] Devices, arrangements and techniques according to additional
optional embodiments are illustrated in Figures 4-10. It should be
understood that the devices, arrangements and techniques of these
additional alternative embodiments can be utilized in connection with the
practice of any of the foregoing techniques or methods of the present
invention. However, the present invention is not necessarily so limited. The
devices, arrangements and techniques of these additional alternative
embodiments can be utilized in connection with the practice of additional
techniques or methods not described herein. Similarly, the devices,
arrangements and techniques of the additional alternative embodiments of
Figures 4-10 may possess any or all of the features and/or functionality of
the previously described embodiments (e.g., Figures 2-3). However, these
additional alternative embodiments are not so limited. The techniques,
devices and arrangements depicted in Figures 4-10 may be successfully
utilized in connection with other devices or arrangements not previously
described herein. When the additional alternative embodiments depicted in

Figures 4-10 possess features which are common to the previously
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described embodiments (e.g., Figures 2-3), the same reference numerals
have been utilized to identify such common features. In the interest of
conciseness, such common features may not be fully described in the
following description of these additional alternative embodiments. The
description of these common features contained in the embodiments
depicted in Figures 4-10 are incorporated herein by reference to their
previous description in connection with the previously-described
embodiments.

[0066] Figure 4 illustrates an arrangement 400 formed according to an
optional alternative embodiment of the present invention. The arrangement
400 includes a slightly modified skin interface member 116. The skin
interface member can be formed from any suitable material, such as an
elastomer, silicone rubber, plastic, or combination of different materials.
The skin interface member 116 may further comprise an optional rim-like
formation 117. The rim-like formation 117 may provide the advantage of
creating a ring of pressure along the surface of the skin applied thereto
thereby facilitating the body fluid BF sample collection procedure.
Regardless of whether the optional rim-like formation 117 is present, as
illustrated in broken-line in Figure 4, the skin has a tendency to sag and
project downwardly into the opening our passageway 22 defined by the skin
interface member 116. This sagging effect can be even more pronounced
when, for example, a vacuum catalyst is applied during the course of the
body fluid BF sample collection effort.

[0067] Figure 4 depicts an attempt to apply a sample of body fluid BF to
an analyte quantification member 24. The analyte quantification member 24
includes a hub 25, with a reagent pad 26 attached thereto. The skin-
penetration member 30 is provided in the form of a hollow needle having an
inner lumen 34. The inner lumen 34 is in fluid communication with the assay
at 26. This fluid communication can be provided through a number of
possible arrangements. Thus, an end of the skin-penetration member 30

can be mounted all the way through the hub so that it directly communicates
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with the reagent pad 26. Alternatively, an end of the skin-penetration
member 30 can be mounted to the hub in a manner such that the end is
based from the reagent pad 26, in which case the hub 25 may optionally be
provided with a separate passage 36 communicating with the end of the
skin-penetration member 30 and be at reagent pad 26.

[0068] As further illustrated in Figure 4, and according to one alternative
embodiment, once additional measures have been taken in order to obtain
an additional volume of body fluid, possibly in response to an indication from
a device or arrangement that an initial attempt failed to produce an adequate
sample volume, the user places the skin into contact with the skin interface
member 116 such that the wound created by the initial attempt is
approximately located in the center of the opening defined by the skin
penetration member 116. When so located, the arrangement 400 is
constructed such that the end of the skin-penetration member having an
opening defined by the end of the inner lumen 34 will be in close proximity to
the wound, and the additional volume of body fluid BF being expressed
therefrom can be brought into communication with said opening. Since the
inner lumen 34 is in fluid communication with the analyte quantification
member 24, including the reagent pad 26, the body fluid BF is transported to
the reagent pad 26 via gravity, capillary effects, or combination of the two.
As previously described herein, steps can then be taken to determine if the
reapplication of body fluid BF has been successful in order to provide an
adequate sample volume to conduct an assay.

[0069] Figure 5 illustrates an arrangement 500 comprising a modified skin
penetration member construction 130 designed to facilitate receiving body
fluid BF applied thereto. As illustrated therein, the skin penetration member
130 is provided with an end 131 which is provided with a geometry which
has been optimized to present a surface which is more likely to be
successful in receiving a sample of body fluid BF applied thereto. The end
131 is not limited to the illustrated configuration, but instead may have any

suitable geometric shape that increases the likelihood of capturing a drop of
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body fluid applied thereto. The skin penetration member 130 can be formed
from any suitable material, such as those materials previously described
herein in connection with the skin penetration member 30 of the previously
described embodiments. Moreover, the skin penetration member 130 can
have an inner lumen 34 provided with an optional body fluid BF flow
enhancing feature 34c. The flow enhancing feature 34c can comprise a
surface texturing or coating. When the flow enhancing feature 34c
comprises a coating, it may optionally be in the form of an anticoagulant
substance, such as those anticoagulant substances previously described
herein. When the analyte quantification member 24 comprises a hub 25,
the hub 25 can be provided with a separate passage 36 for fluid
communication between the inner lumen 34 and the reagent pad 26. The
passage 36 and a hub 25 may also comprise a body fluid BF flow enhancing
feature 34c.

[0070] An arrangement 600 constructed according to a further alternative
embodiment is depicted in Figure 6. As illustrated therein, the skin interface
member 116 is provided with a guide element 118 which is configured to
promote the flow of body fluid in a desired direction, i.e. toward an open end
of a hollow skin penetration member 30 defined by the end of an inner
lumen 34. The guide element 118 can be formed from the same material as
the rest of the skin interface member 116. Alternatively, the guide element
118 can be formed from a different material than at least part of the
remainder of the skin interface member 116. Thus, for example, the guide
element 118 can be formed from a polymer material which is softer and/or
more flexible than the remainder of the skin interface member 116, or vice
versa. The guide element 118 can be formed from, or coated with, a high
visibility material thus facilitating application of a drop of body fluid BF
thereto. For example, the material or coating can comprise a bright color,
reflective substance, and/or fluorescent substance. Alternatively, orin
addition thereto, and associated device or arrangement can include a

source of light that illuminates the guide element 118.The guide element
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118 can comprise an integral part of the skin interface member 116.
Alternatively, the guide element 118 can comprise a separate part or
component which is either permanently or really simply attached to a
remaining portion of the skin interface member 116. The guide element 118
can have any suitable geometric configuration or shape. Thus, according to
certain nonlimiting examples, the guide element 118 can have a conical,
frustoconical, or concave dome-like shape. At least the guide element 118
of the skin interface number 116 may optionally be provided with one or
more body fluid flow-enhancing features. Therefore, at least a portion of the
guide element 118 can be provided with a suitable coating 120 that
promotes the flow of body fluid BF in a desired direction, toward a desired
location. Coating 120 can comprise a hydrophilic coating, a hydrophobic
coating, an anticoagulant coating, or combinations thereof. Alternatively, or
in addition thereto, the guide element 118 may comprise a surface texturing,
such as one or more capillary grooves 122 that also serve to promote the
flow of body fluid in a desired direction, toward a desired location. As
illustrated in Figure 6, the coating 120 and grooves 122 can be utilized in
combination with one another. Alternatively, the guide element 118 may
comprise either a coating 120 or grooves 122 alone. As evident from the
arrangement 600 depicted in Figure 6, the provision of the guide element
118 is beneficial in that it permits a user some latitude in terms of how
precisely the wound needs to be located relative to the position of the skin
penetration member 30. The guide element 118 is configured such that if
the body fluid BF is introduced onto any portion thereof, its flow is directed
toward the end of the lumen 34 of the skin penetration member 30. It
should be understood that the presence of a hollow needle type skin
penetration member 30 is optional. Thus, for example, the arrangement 600
may be configured such that the guide element 118 directs the flow of body
fluid BF directly to an analyte quantification member in fluid flow
communications therewith. According to a further example, the guide

element 118 can direct the flow of body fluid BF to another member or
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element, such as a hollow tube or similar fluid conveying or receiving
structure.

[0071] Figure 7 illustrates a further alternative arrangement 700 formed
according to a further optional embodiment of the present invention. The
arrangement 700 is similar to the previously described arrangement 600,
except that a guide element 124 is associated with a skin penetration
member 30. The guide element 124 can have the same construction,
functionality and features as the guide element 118 described above. The
guide element 124 can be associated with the skin penetration member 30
in any suitable fashion. According to the illustrated example, the guide
element 124 is associated with the skin penetration member 30 via a collar-
like portion 126, which surrounds at least a portion of the outer periphery of
the skin penetration member 30. The guide element 124 can be integrally
formed with the collar-like portion 126. Alternatively, the guide element 124
can be separately formed and attached in a permanent or releasable
manner to the collar-like portion 126. When the analyte quantification
member 24 includes a hub 25, the collar-like portion 126 can be connected
to the hub 25 in any suitable manner, such as adhesively secured thereto.
Alternatively, the collar-like portion 126 and the hub 25 can be integrally
formed together as a single piece of the same material, or co-molded
together to form a unitary structure. The guide element 124 of the
arrangement 700 may perform an additional function, namely, act as a stop
or limit for the depth of penetration of the skin penetration member 30 into
the skin at the site of the wound. As previously described herein, the skin
penetration member 30 can be actuated or driven into the surface of the
skin located within the passage 22 of the skin interface member 16, thereby
creating the wound. As illustrated in Figure 7, the guide element 124
projects outwardly and upwardly relative to the skin penetration member 30.
Thus, the uppermost surface of the guide element 124 can be configured
and dimensioned such that it makes a desired degree of contact with the

skin of a user. This contact can serve to limit the depth by which the skin

-27 -



WO 2009/148624 PCT/US2009/003441

10

15

20

25

30

penetration member may extend into the surface of the skin of the user. As
described above in connection with the arrangement 600, it should be
understood that the presence of a hollow needle type skin penetration
member 30 is optional. Thus, for example, the arrangement 700 may be
configured such that the guide element 124 directs the flow of body fluid BF
directly to an analyte quantification member in fluid flow communications
therewith. According to a further example, the guide element 124 can direct
the flow of body fluid BF to another member or element, such as a hollow
tube or similar fluid conveying or receiving structure.

[0072] Figure 8 illustrates an alternatively constructed skin penetration
member/guide element construction. As illustrated therein, the guide
element 124' and the collar-like portion 126' can be formed from separate
materials having distinct properties. The guide element 124' and the collar-
like portion 126' may be separately formed and permanently or releasable
joined together, or co-molded together to form a unitary structure. Thus, for
example, the guide element 124' can be formed from a softer or more
flexible material than the collar-like portion 126'. This construction may have
the benefit of providing a more compliant guide element 124' for easier
interfacing with the user, while the more rigid collar-like portion 126' provides
for accurate location which is not easily misaligned.

[0073] Figures 9-10 are directed to yet another alternative arrangement
900 formed according to certain optional aspects of the present invention.
The arrangement 900 has a construction similar to that of previously
described arrangements 700, 800; however, according to the arrangement
900, both the skin interface member 116 and the skin penetration member
30 have guide elements 118, 124 associated therewith, respectively. The
guide elements 118, 124 can have the same features, construction and
functionality of the previously described embodiments. As described above
in connection with the previous arrangements, it should be understood that
the presence of a hollow needle type skin penetration member 30 is

optional. Thus, for example, the arrangement 900 may be configured such
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that the guide elements 118, 124 direct the flow of body fluid BF directly to
an analyte quantification member in fluid flow communications therewith.
According to a further example, the guide elements 118, 124 can direct the
flow of body fluid BF to another member or element, such as a hollow tube
or similar fluid conveying or receiving structure.

[0074] Numbers expressing quantities of ingredients, constituents,
reaction conditions, and so forth used in this specification are to be
understood as being modified in all instances by the term "about.”
Notwithstanding that the numerical ranges and parameters setting forth, the
broad scope of the subject matter presented herein are approximations, the
numerical values set forth are indicated as precisely as possible. Any
numerical value, however, inherently contains certain errors necessarily
resulting from the standard deviation found in their respective measurement
techniques. None of the elements recited in the appended claims should be
interpreted as invoking 35 U.S.C. §112, {[6, unless the term "means" is
explicitly used.

[0075] Although the present invention has been described in connection
with preferred embodiments thereof, it will be appreciated by those skilled in
the art that additions, deletions, modifications, and substitutions not
specifically described may be made without departing from the spirit and

scope of the invention as defined in the appended claims.
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A method of performing an assay to determine the presence or
concentration of an analyte contained in a sample of body fluid by
using a device comprising at least one analyte quantification
member and a sensor associated therewith, the method comprising:

applying a first sample to the analyte quantification member;
and

detecting the presence or absence of an adequate sample
volume;

wherein upon detection of the absence of an adequate sample
volume, initiating a finite timed period, and signaling the user to
introduce a second sample of body fluid to the analyte quantification

member.

The method of claim 1, further comprising:

interrogating the analyte quantification member with the sensor
during the finite timed period to detect the presence or absence of
an adequate sample volume applied to the at least one analyte

quantification member.

The method of claim 2, wherein upon detection of the absence of an
adequate sample volume within the timed period, signaling the user

that the assay is being terminated.

The method of claim 2, wherein upon detection of an adequate
sample volume during the timed period, continuing with the assay.

The method of claim 4, further comprising interrogating the analyte

quantification member subsequent to the timed period to ascertain

the presence or concentration of the analyte.
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10.

11.

12.

13.

14.

The method of claim 1, where the analyte comprises glucose and
the body fluid comprises blood.

The method of claim 1, wherein the at least one analyte
quantification member comprises an assay pad containing a
chemical reagent formulated to produce a color change upon
reaction with the analyte.

The method of claim 1, wherein the device comprises a plurality of

the analyte quantification members.

The method of claim 8, wherein the device comprises a removable

cartridge containing a plurality of the analyte quantification members.

The method of claim 7, wherein the sensor comprises an optical

sensor constructed to produce signals indicative of the color change.

The method of claim 1, wherein the finite time period is less than 1

minute.

The method of claim 11, wherein the finite time period is 45 seconds

or less.

The method of claim 1, wherein the signaling comprises producing at

least one of a visual signal and an audible signal.

The method of claim 1, wherein the device further comprises at least
one skin-penetration member, the method further comprising:
piercing the skin of a user with the least one skin-penetration
member thereby creating a wound opening for expression of body

fluid therefrom.
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15.

16.

17.

18.

19.

20.

21.

The method of claim 14, wherein the skin is pierced prior to
introducing the first sample of body fluid to the least one analyte

quantification member.

The method of claim 1, further comprising, subsequent to signaling
the user to introduce a second sample of body fluid to the analyte
quantification member, at least one of: (i) manually milking a wound
to express the second sample therefrom, and (ii) applying a catalyst

to the skin in the vicinity of a wound.
The method of claim 16, wherein the catalyst comprises a vacuum.

The method of claim 14, further comprising applying a catalyst to the
skin of the user prior to, during, or subsequent to piercing the skin

with the at least one skin-penetration member.
The method of claim 18, wherein the catalyst comprises a vacuum.

The method of claim 1, further comprising providing the device with
an anticoagulant material on at least portions thereof that normally

contact the body fluid.

The method of claim 14, wherein the device further comprises a skin
interface member, and at least one of the skin interface member and
the skin penetration member comprising a guide element, the
method further comprising:

subsequent to signaling the user to introduce a second sample

of body fluid, taking at least one additional measure to express additional

body fluid from the wound; and
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placing the skin, in the vicinity of the wound, into contact with
the skin interface member such that the guide element is capable of
facilitating transfer of the second sample to the analyte quantification

member.

22. The method of claim 21, wherein both the skin interface member and

the skin penetration member comprise a guide element.

23. A device for performing an assay to determine the presence or
10 concentration of an analyte contained in a sample of body fluid, the
device comprising:

at least one analyte quantification member;

at least one passageway in fluid communication with the at
least one analyte quantification member;
15 a sensor constructed and arranged to interrogate the least one
analyte quantification member and to detect the presence or
absence of an adequate sample volume applied to the at least one
analyte quantification member; and

a controller in signal communication with the sensor, the
20 controller is configured and arranged such that upon detection of the
absence of an adequate sample volume, the controller initiates a
finite timed period and signals the user to introduce another sample

of body fluid into the at least one passageway.

25 24. The device of claim 21, wherein the controller and the sensor are

configured and arranged such that the at least one analyte
quantification member is interrogated by the sensor during the finite
timed period to detect the presence or absence of an adequate

sample volume.

30
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25.

26.

27.

28.

29.

30.

31.

32.

The device of claim 22, wherein the controller is configured and
arranged such that upon detection of the absence of an adequate
sample volume within the timed period, signaling the user that the

assay is being terminated.

The device of claim 22, wherein the controller is configured and
arranged such that upon detection of an adequate sample volume

during the timed period, the device continues with the assay.

The device of claim 24, wherein the controller and the sensor are
configured and arranged to interrogate the at least one analyte
quantification member subsequent to the timed period to ascertain

the presence or concentration of the analyte.

The device of claim 21, wherein the analyte comprises glucose in the

body fluid comprises blood.

The device of claim 21, wherein the at least one analyte
quantification member comprises an assay pad containing a
chemical reagent formulated to produce a color change upon

reaction with the analyte.

The device of claim 21, wherein the device comprises a plurality of

the analyte quantification members.
The device of claim 28, wherein the device comprises a removable
cartridge containing the plurality of the analyte quantification

members.

The device of claim 27, wherein the sensor comprises an optical

sensor constructed to produce signals indicative of the color change.
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33.

34.

35.

36.

37.

38.

39.

40.

The device of claim 21, wherein the finite time period is less than 1

minute.

The device of claim 31, wherein the finite time period is 45 seconds

or less.

The device of claim 21, wherein the signal comprises at least one of

a visual signal and an audible signal.

The device of claim 21, further comprising at least one skin-

penetration member.

The device of claim 28, further comprising a plurality of skin-
penetration members, and each of the plurality of analyte
quantification members having a respective skin-penetration

member associated therewith.

The device of claim 34, wherein the at least one skin-penetration
member comprises a needle having an inner lumen, and the at least

one passageway comprising the inner lumen of the needle.

The device of claim 35, further comprising a removable cartridge
containing the plurality of analyte quantification members and the

plurality of skin-penetration members.

The device of claim 34, further comprising a catalyst producing
mechanism configured and arranged to apply a catalyst for the
expression of body fluid from the wound prior to, during, or
subsequent to piercing the skin with the at least one skin-penetration

member.
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41.

42.

43.

44,

45.

46.

47.

The device of claim 38, wherein the catalyst producing mechanism is
configured and arranged to apply a catalyst for the expression of
body fluid from the wound subsequent to the signal to the user

indicating the absence of an adequate sample volume of body fluid.

The device of claim 34, wherein the catalyst producing mechanism

comprises a vacuum pump.

The device of claim 21, wherein an anticoagulant material is

provided on at least a portion of the passageway.

The device of claim 36, wherein an anticoagulant material is

provided on at least a portion of the inner lumen.

The device of claim 23, further comprising a skin interface member
and a skin penetration member, wherein at least one of the skin
interface member and the skin penetration member comprises a
guide element configured to guide a flow of body fluid in a desired

direction toward a desired location.

The device of claim 45, wherein both the skin interface member and

the skin penetration member comprise a guide element.

A device for collecting a sample of body fluid, the device comprising:

a skin interface member and a skin penetration member,

wherein at least one of the skin interface member and the skin
penetration member comprises a guide element configured to direct a

flow of body fluid placed thereon.
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48.

49.

50.

51.

52.

53.

The device of claim 47, wherein the skin penetration member
comprises a hollow needle having an inner lumen, the guide element
configured to facilitate introduction of the sample of body fluid into

the inner lumen.

The device of claim 48, wherein the application guide is provided

with a funnel-like or concave dome shape.

The device of claim 47, wherein the guide element is formed from a

polymer, metal, ceramic, or combination thereof.

The device of claim 47, wherein the guide element further comprises

at least one fluid flow enhancing feature.
The device of claim 51, wherein the at least one fluid flow enhancing
feature comprises a hydrophobic coating, a hydrophilic coating, or a

capillary groove.

The device of claim 47, wherein the guide element is configured to

limit a depth of penetration of the skin penetration member.
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