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(57) ABSTRACT 

Devices, systems and methods are provided for piercing the 
skin, accessing and collecting physiological sample therein, 
and measuring a characteristic, e.g., an analyte concentra 
tion, of the sampled physiological sample. The subject 
devices are in the form of a test strip Which include a 
biosensor and at least one skin-piercing element Which is a 
planar extension of a portion of the biosensor. At least one 
?uid pathWay resides Within a portion of the biosensor and 
Within the skin-piercing element. The skin-piercing element 
has a space-de?ning con?guration therein Which acts as a 
sample ?uid pooling area upon penetration into the skin. 
Systems are provided Which include one or more test strip 
devices and a meter for making analyte concentration mea 
surements. Methods for using the devices and systems are 
also provided. 
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PHYSIOLOGICAL SAMPLE COLLECTION 
DEVICES AND METHODS OF USING THE SAME 

FIELD OF THE INVENTION 

[0001] The ?eld of this invention is the collection of 
physiological samples and the determination of analyte 
concentrations therein. 

BACKGROUND OF THE INVENTION 

[0002] Analyte concentration determination in physiologi 
cal samples is of ever increasing importance to today’s 
society. Such assays ?nd use in a variety of application 
settings, including clinical laboratory testing, home testing, 
etc., Where the results of such testing play a prominent role 
in the diagnosis and management of a variety of disease 
conditions. Analytes of interest include glucose for diabetes 
management, cholesterol for monitoring cardiovascular con 
ditions, and the like. In response to this groWing importance 
of analyte concentration determination, a variety of analyte 
concentration determination protocols and devices for both 
clinical and home testing have been developed. 

[0003] In determining the concentration of an analyte in a 
physiological sample, a physiological sample must ?rst be 
obtained. Obtaining the sample often involves cumbersome 
and complicated devices Which may not be easy to use or 
may be costly to manufacture. Furthermore, the procedure 
for obtaining the sample may be painful. For eXample, pain 
is often associated With the siZe of the needle used to obtain 
the physiological sample and the depth to Which the needle 
is inserted. Depending on the analyte and the type of test 
employed, a relatively large, single needle or the like is often 
used to eXtract the requisite amount of sample. 

[0004] The analyte concentration determination process 
may also involve a multitude of steps. First, a sample is 
accessed by use of a skin-piercing mechanism, e.g., a needle 
or lancet, Which accessing may also involve the use of a 
sample collection mechanism, e.g., a capillary tube. NeXt, 
the sample must then be transferred to a testing device, e.g., 
a test strip or the like, and then oftentimes the test strip is 
then transferred to a measuring device such as a meter. Thus, 
the steps of accessing the sample, collecting the sample, 
transferring the sample to a biosensor, and measuring the 
analyte concentration in the sample are often performed as 
separate, consecutive steps With various device and instru 
mentation. 

[0005] Because of these disadvantages, it is not uncom 
mon for patients Who require frequent monitoring of an 
analyte to simply become non-compliant in monitoring 
themselves. With diabetics, for eXample, the failure to 
measure their glucose level on a prescribed basis results in 
a lack of information necessary to properly control the level 
of glucose. Uncontrolled glucose levels can be very danger 
ous and even life threatening. 

[0006] Attempts have been made to combine a lancing 
type device With various other components involved in the 
analyte concentration determination procedure in order to 
simplify the assay process. For example, US. Pat. No. 
6,099,484 discloses a sampling device Which includes a 
single needle associated With a spring mechanism, a capil 
lary tube associated With a pusher, and a test strip. An 
analyZer may also be mounted in the device for analyZing 
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the sample. Accordingly, the single needle is displaced 
toWard the skin surface by un-cocking a spring and then 
retracting it by another spring. Apusher is then displaced to 
push the capillary tube in communication With a sample and 
the pusher is then released and the ?uid is transferred to a 
test strip. 

[0007] US. Pat. No. 5,820,570 discloses an apparatus 
Which includes a base having a holloW needle and a cover 
having a membrane, Whereby the base and cover are con 
nected together at a hinge point. When in a closed position, 
the needle is in communication With the membrane and ?uid 
can be draWn up through the needle and placed on the 
membrane of the cover. 

[0008] There are certain draWbacks associated With each 
of the above devices and techniques. For eXample, the 
devices disclosed in the aforementioned patents are com 
pleX, thus decreasing ease-of-use and increasing manufac 
turing costs. Furthermore, as described, a single needle 
design may be associated With increased pain because the 
single needle must be large enough to eXtract the requisite 
sample siZe. Still further, in regards to the ’484 patent, the 
steps of activating and retracting a needle and then activat 
ing and retracting a capillary tube adds still more user 
interaction and decreases ease-of-use. 

[0009] As such, there is continued interest in the devel 
opment of neW devices and methods for use in the deter 
mination of analyte concentrations in a physiological 
sample. Of particular interest Would be the development of 
integrated devices, and methods of use thereof, that are 
ef?cient, involve minimal pain, are simple to use and Which 
may be used With various analyte concentration determina 
tion systems. 

SUMMARY OF THE INVENTION 

[0010] Devices, systems and methods are provided for 
piercing the skin, accessing and collecting physiological 
sample therein, and measuring a characteristic of the physi 
ological sample. The subject devices include at least one 
microneedle or skin-piercing element integral With a test 
strip. More speci?cally, the subject test strips include a 
biosensor Wherein the at least one skin-piercing element is 
structurally integral With the biosensor. 

[0011] Each skin-piercing element has a space-de?ning 
con?guration therein Which, upon insertion into the skin, 
creates a space or volume Within the pierced tissue. This 
space serves as a reservoir or pooling area Within Which 

bodily ?uid is caused to pool While the skin-piercing ele 
ment is in situ. A capillary channel or ?uid pathWay extend 
ing from the pooling space to Within the test strip transfers 
?uid present pooled Within the pooling space to the biosen 
sor. In certain embodiments, the space-de?ning con?gura 
tion is a recess Within a surface of the skin-piercing element. 
Such a recess may have a concave con?guration. In other 

embodiments, the space-de?ning con?guration is an open 
ing Which eXtends transverse to a dimension of the skin 
piercing element and occupies a substantial portion of a 
Width or diameter dimension as Well as a substantial portion 
of a length dimension of the microneedle. 

[0012] In one embodiment of the subject test strip devices, 
the biosensor is an electrochemical biosensor having an 
electrochemical cell having tWo spaced-apart electrodes. 
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Each skin-piercing element or structure is provided as a 
parallel or planar extension of one of the electrodes, Wherein 
the skin-piercing element and such electrode are preferably 
fabricated as a single, unitary piece or structure and are 
made of the same material. 

[0013] In another embodiment of the test strip device, the 
biosensor is a photometric or colorimetric biosensor having 
a planar substrate de?ning a photometric matrix area cov 
ered by a photometric membrane, collectively con?gured for 
receiving a sample to be tested. With a photometric biosen 
sor embodiment, each skin-piercing element or structure is 
provided as a planar extension of the substrate, Wherein the 
skin-piercing element and such substrate are preferably 
fabricated as a single, unitary piece or structure and are 
made of the same material. 

[0014] The extending skin-piercing element and the asso 
ciated electrode (in electrochemical biosensors) or substrate 
(in photometric biosensors) de?ne at least one pathWay, 
Wherein the proximal end of the at least one pathWay resides 
Within the electrode or substrate portion of the unitary piece 
and the distal end of the at least one pathWay resides Within 
the skin-piercing element or structure. At least a portion of 
the distal end of the at least one ?uid pathWay is open to the 
outside environment. Further, the distal end of the pathWay 
is in ?uid communication With the space-de?ning area of the 
skin-piercing element. The distal end of such pathWay either 
extends into at least a portion of the space-de?ning area or 
terminates at the space-de?ning area. As such, the ?uid 
pathWay provides a capillary channel through Which the 
?uid Within the pooling volume de?ned by the skin-piercing 
element may be extracted and transferred to the biosensor 
portion of the test strip device for testing. 

[0015] The subject systems include one or more subject 
test strip devices and a meter for receiving a subject test strip 
and for determining a characteristic of the sampled ?uid, 
e.g., the concentration of at least one analyte in the sample, 
collected by Within the test strip’s biosensor. Moreover, such 
a meter may also provide means for activating and manipu 
lating the test strip Wherein the skin-piercing structure is 
caused to pierce the skin. Additionally, the meter may 
provide means for storing one or more subject test strips, or 
a cartridge containing a plurality of such test strips. 

[0016] Also provided are methods for using the subject 
devices, as Well as kits that include the subject devices 
and/or systems for use in practicing the subject methods. 
The subject devices, systems and methods are particularly 
suited for collecting physiological sample and determining 
analyte concentrations therein and, more particularly, glu 
cose concentrations in blood, blood fractions or interstitial 
?uid. 

[0017] The present invention further includes methods for 
fabricating the subject test strip devices, in Which a micron 
eedle or skin-piercing element is fabricated as an integral 
part of a biosensor having a test strip con?guration. Such 
devices have Wholly integrated functions including access 
ing the physiological ?uid Within the skin, extracting such 
?uid, transferring the ?uid to a measurement area and 
providing the components necessary for the measurement of 
analyte concentration in the sample. In addition to fabricat 
ing Wholly integrated test strip devices, the subject fabrica 
tion methods are ideal for the fabrication of such devices 
Which have functionally and structurally complex compo 
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nents, such as the microneedles mentioned above. For 
example, microneedles having intricate shapes or designs, 
multiple dimensions, small siZes and/or very sharp tips are 
producible With great repeatability With the subject fabrica 
tion methods. The subject methods are also versatile in that 
they can be used to fabricate biosensors having electro 
chemical or photometric con?gurations With certain varia 
tions in the fabrication processes. The subject fabrication 
methods may be used to fabricate individual test strip 
devices or a plurality of such test strip devices on a Web, ?lm 
or sheet of suitable material. 

[0018] These and other objects, advantages, and features 
of the invention Will become apparent to those persons 
skilled in the art upon reading the details of the methods and 
systems of the present invention Which are more fully 
described beloW. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

[0019] FIG. 1A is an exploded top vieW of an embodiment 
of an electrochemical test strip device of the present inven 
tion. 

[0020] FIG. 1B is a partially exploded bottom vieW of the 
electrochemical test strip device of FIG. 1A. 

[0021] FIG. 1C is a perspective vieW of the assembled 
electrochemical test strip device of FIGS. 1A and 1B. 

[0022] FIG. 2A is an exploded vieW of an embodiment of 
a colorimetric or photometric test strip device of the present 
invention. 

[0023] FIG. 2B is a perspective vieW of the assembled 
colorimetric/photometric test strip device of FIG. 2A 

[0024] FIG. 3 is a perspective vieW of an electrochemical 
test strip device of the present invention having another 
embodiment of a skin-piercing element of the present inven 
tion. 

[0025] FIG. 4A is an exploded vieW of another embodi 
ment of a colorimetric or photometric test strip device of the 
present invention having the skin-piercing element of FIG. 
3. 

[0026] FIG. 4B is a perspective vieW of the assembled 
colorimetric/photometric test strip device of FIG. 4A. 

[0027] FIG. 5 illustrates a system of the present invention 
Which includes a meter and a subject test strip device 
con?gured to be received by the meter. 

[0028] FIG. 6A is an exploded top vieW of a Web of 
electrochemical test strip devices fabricated according to the 
methods of the present invention. 

[0029] FIG. 6B is an exploded bottom vieW of the Web of 
FIG. 6A. 

[0030] FIG. 6C is a perspective vieW of the assembled 
Web of FIGS. 6A and 6B. 

[0031] FIG. 7A is an exploded top vieW of a Web of the 
photometric/colorimetric test strip devices fabricated 
according to the methods of the present invention. 

[0032] FIG. 7B is an exploded bottom vieW of the Web of 
FIG. 7A. 
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[0033] FIG. 7C is a perspective vieW of the assembled 
Web of FIGS. 7A and 7B. 

[0034] FIG. 8 is planar vieW of a Web layer for use With 
the Webs of FIGS. 6 and 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] Before the present invention is described, it is to be 
understood that this invention is not limited to the particular 
embodiments described, as such may, of course, vary. It is 
also to be understood that the terminology used herein is for 
the purpose of describing particular embodiments only, and 
is not intended to be limiting, since the scope of the present 
invention Will be limited only by the appended claims. 

[0036] Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the loWer limit unless the context clearly dictates otherWise, 
betWeen the upper and loWer limit of that range and any 
other stated or intervening value in that stated range is 
encompassed Within the invention. The upper and loWer 
limits of these smaller ranges may independently be 
included in the smaller ranges is also encompassed Within 
the invention, subject to any speci?cally excluded limit in 
the stated range. Where the stated range includes one or both 
of the limits, ranges excluding either both of those included 
limits are also included in the invention. 

[0037] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can also be 
used in the practice or testing of the present invention, the 
preferred methods and materials are noW described. 

[0038] It must be noted that as used herein and in the 
appended claims, the singular forms “a”, “an”, and “the” 
include plural referents unless the context clearly dictates 
otherWise. Thus, for example, reference to “a test strip” 
includes a plurality of such test strips and reference to “the 
device” includes reference to one or more devices and 
equivalents thereof knoWn to those skilled in the art, and so 
forth. 

[0039] The publications discussed herein are provided 
solely for their disclosure prior to the ?ling date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
date such publication by virtue of prior invention. Further, 
the dates of publication provided may be different from the 
actual publication dates Which may need to be independently 
con?rmed. 

[0040] The present invention Will noW be described in 
detail. In further describing the present invention, various 
embodiments of the subject devices, including test strip 
devices having biosensors having either an electrochemical 
or a colorimetric/photometric con?guration, Will be 
described ?rst folloWed by a detailed description of various 
microneedle con?gurations Which are usable With either 
type of biosensor con?guration. The subject systems Which 
include a meter for use With the subject devices methods of 
using the subject test strip devices and systems Will then be 
described folloWed by a description of the methods of 
fabricating the subject test strip devices. Finally, a brief 
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description is provided of the subject kits, Which kits include 
the subject devices and systems for use in practicing the 
subject methods. 

[0041] In the folloWing description, the present invention 
Will be described in the context of analyte concentration 
measurement applications; hoWever, such is not intended to 
be limiting and those skilled in the art Will appreciate that the 
subject devices, systems and methods are useful in the 
measurement of other physical and chemical characteristics 
of biological substances, e.g., blood coagulation time, blood 
cholesterol level, etc. 

[0042] Test Strip Devices 

[0043] As summariZed above, the subject test strip devices 
include a biosensor and at least one skin-piercing element or 
microneedle Which is structurally integral With the biosen 
sor. The subject biosensor may have an electrochemical 
con?guration, as illustrated in FIGS. 1A, 1B, 1C and FIG. 
3 or a colorimetric or photometric (used interchangeably 
herein), as illustrated in FIGS. 2A and 2B and FIGS. 4A 
and 4B. LikeWise, the subject skin-piercing elements make 
take on various con?gurations, Wherein a ?rst exemplary 
embodiment is illustrated in FIGS. 1A, 1B, 1C and 3 and a 
second exemplary embodiment is illustrated in FIGS. 2A, 
2B, 4A and 4B. 

[0044] In any embodiment, the subject test strip devices 
and biosensors are useful in the determination of a Wide 
variety of different analyte concentrations, Where represen 
tative analytes include, but are not limited to, glucose, 
cholesterol, lactate, alcohol, and the like. In many embodi 
ments, the subject test strips are used to determine the 
glucose concentration in a physiological sample, e.g., inter 
stitial ?uid, blood, blood fractions, constituents thereof, and 
the like. 

[0045] Electrochemical Test Strips 

[0046] Referring noW to FIGS. 1A, 1B, 1C and 3, Wherein 
like reference numbers refer to like elements, tWo electro 
chemical test strip devices 2 and 100, respectively, of the 
present invention are illustrated. Test strips 2 and 100 have 
identical electrochemical biosensor con?gurations Which are 
herein collectively described, hoWever, their respective skin 
piercing elements or microneedles 6 and 102, respectively, 
have different con?gurations. In each test strip device 2 and 
100, the biosensor is de?ned by an electrochemical cell 
generally having tWo spaced-apart and opposing electrodes 
3 and 5, respectively referred to herein as bottom electrode 
3 and top electrode 5. At least the surfaces of electrodes 3 
and 5 facing each other are comprised of a conductive layer 
8 and 16, respectively, such as a metal. 

[0047] In certain embodiments of the subject electro 
chemical biosensors, the electrodes are generally con?gured 
in the form of elongated rectangular strips but may be of any 
appropriate shape or con?guration. Typically, the length of 
the electrodes ranges from about 0.5 to 4.5 cm and usually 
from about 1.0 to 2.8 cm. The Width of the electrodes ranges 
from about 0.07 to 0.8 cm, usually from about 0.20 to 0.60 
cm, and more usually from about 0.1 to 0.3 cm. The 
conductive layers and their associated substrate typically 
have a combined thickness ranging from about 100 to 500 
pm and usually from about 125 to 250 pm. 

[0048] The entire electrode may be made of the metal or 
made up of a substrate or backing 4 and 18, respectively on 
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the facing surfaces of Which the metal layer 8 and 16, 
respectively, is provided. In a particular embodiment, sub 
strates 4 and 18 are made of a Mylar plastic ?lm. The 
thickness of the inert backing material typically ranges from 
about 25 to 500 pm and usually from about 50 to 400 pm, 
While the thickness of the metal layer typically ranges from 
about 10 to 100 nm and usually from about 10 to 50 nm. 

[0049] As mentioned above, electrodes 3 and 5 generally 
face each other and are separated by only a short distance, 
such that the spacing betWeen the electrodes is extremely 
narroW. This minimal spacing is a result of the presence of 
a spacer layer 12 positioned or sandWiched betWeen elec 
trodes 3 and 5. The thickness of spacer layer 12 may range 
from 10 to 750 pm and is often less than or equal to 500 pm, 
and usually ranges from about 25 to 175 pm. Spacer layer 12 
preferably has double-sided adhesive to hold electrodes 3 
and 5 together. 

[0050] In certain embodiments, spacer layer 12 is con?g 
ured or cut so as to provide a reaction Zone or area 9, Where 

in many embodiments the volume of the reaction area or 
Zone 9 typically has a volume in the range from about 0.01 
to 10 pL, usually from about 0.1 to 1.0 pL and more usually 
from about 0.05 to 1.0 pL. HoWever, the reaction area may 
include other areas of test strip 2 and 100 or be elseWhere all 
together, such as in a ?uid pathWay, described beloW in more 
detail, or the like. Spacer layer 12 may de?ne any appro 
priately shaped reaction area 9, e.g., circular, square, trian 
gular, rectangular or irregular shaped reaction areas, and 
may further include side inlet and outlet vents or ports. 

[0051] Regardless of Where reaction Zone 9 is located, in 
many embodiments, a redox reagent system or composition 
14 is present Within reaction Zone 9, Where reagent system 
14 is selected to interact With targeted components in the 
?uid sample during an assay of the sample. Redox reagent 
system 14 is deposited on the conductive layer 16 of top 
electrode 5 Wherein, When in a completely assembled form 
(shoWn in FIG. 1C), redox reagent system 14 resides Within 
reaction Zone 9. With such a con?guration, bottom electrode 
3 serves as a counter/reference electrode and top electrode 5 
serves as the Working electrode of the electrochemical cell. 
HoWever, in other embodiments, depending on the voltage 
sequence applied to the cell, the role of the electrodes can be 
reversed such that bottom electrode 3 serves as a Working 
electrode and top electrode 5 serves as a counter/reference 
electrode. In case of a double pulse voltage Waveform, each 
electrode acts as a counter/reference and Working electrode 
once during the analyte concentration measurement. 

[0052] Reagent systems of interest typically include an 
enZyme and a redox active component (mediator). The redox 
component of the reagent composition, When present, is 
made up of one or more redox agents. Avariety of different 
redox agents, i.e., mediators, is knoWn in the art and 
includes: ferricyanide, phenaZine ethosulphate, phenaZine 
methosulfate, pheylenediamine, 1-methoxy-phenaZine 
methosulfate, 2,6-dimethyl-1,4-benZoquinone, 2,5 -dichloro 
1,4-benZoquinone, ferrocene derivatives, osmium bipyridyl 
complexes, ruthenium complexes, and the like. In many 
embodiments, the redox active component of particular 
interest is ferricyanide, and the like. The enZyme of choice 
may vary depending on the analyte concentration Which is to 
be measured. For example, suitable enZymes for the assay of 
glucose in Whole blood include glucose oxidase or dehy 
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drogenase (NAD or PQQ based). Suitable enZymes for the 
assay of cholesterol in Whole blood include cholesterol 
oxidase and esterase. 

[0053] Other reagents that may be present in the reaction 
area include buffering agents (e.g., citraconate, citrate, 
malic, maleic, phosphate, “Good” buffers and the like); 
divalent cations (e.g., calcium chloride, and magnesium 
chloride); surfactants (e.g., Triton, Macol, Tetronic, SilWet, 
Zonyl, and Pluronic); and stabiliZing agents (e.g., albumin, 
sucrose, trehalose, mannitol and lactose). 

[0054] Examples of electrochemical biosensors suitable 
for use With the subject invention include those described in 
copending US. application Ser. Nos. 09/333,793; 09/497, 
304; 09/497,269; 09/736,788 and 09/746,116, the disclo 
sures of Which are herein incorporated by reference. 

[0055] Colorimetric/Photometric Test Strips 

[0056] Referring noW to FIGS. 2A, 2B, 4A and 4B, 
Wherein like reference numbers refer to like elements, tWo 
photometric/colorimetric test strip devices 80 and 120, 
respectively, of the present invention are illustrated. Test 
strips devices 80 and 120 have different photometric/colo 
rimetric biosensor con?gurations and their respective skin 
piercing elements or microneedles 86 and 122, respectively, 
have different con?gurations. More speci?cally, a portion of 
test strip device 80 is made of an inert material While the 
corresponding portion of test strip device 120 is made of a 
metal material. 

[0057] In test strip device 80 of FIGS. 2A and 2B, the 
colorimetric or photometric (herein used interchangeably) 
biosensor is generally made up of at least the folloWing 
components: a support element or substrate 82 made of an 
inert material, a matrix area 84 for receiving a sample, a 
reagent composition (not shoWn as a structural component) 
Within matrix area 84 that typically includes one or more 
members of an analyte oxidation signal producing system, 
an air venting port (not shoWn) and a top transparent layer 
85 Which covers at least matrix area 84. In other embodi 
ments, top layer 85 may be a membrane containing a reagent 
composition impregnated therein While the matrix area 84 
may or may not contain reagent composition 

[0058] The inert material of support substrate 82 provides 
a physical structure to enable test strip 80 to be inserted into 
a meter Without undue bending or kinking. Substrate 82, and 
thus test strip 80, is typically in the form of a substantially 
rectangular or square-like strip. Typically, the length of the 
substrate 82 is from about 1 to 1000 mm, usually from about 
10 to 100 mm and more usually about 20 to 60 mm. 
Typically, the Width of substrate 82 is from about 1 to 100 
mm, usually from about 1 to 10 mm and more usually from 
about 5 to 7 mm. Typically, the height or thickness of 
substrate 82 is from about 0.01 to 1 mm, usually from about 
0.1 to 1 mm and more usually from about 0.1 to 0.2 mm. 

[0059] Matrix area 84 de?nes an inert area, preferably a 
recessed area, formed Within a surface of substrate 82 
Wherein all four sides of matrix area 84 are bordered by 
substrate 82. Matrix area 84 provides an area for deposition 
of the sampled physiological ?uid and for the various 
members of the signal producing system, described infra, as 
Well as for the light absorbing or chromogenic product 
produced by the signal producing system, i.e., the indicator, 
as Well as provides a location for the detection of the 
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light-absorbing product produced by the indicator of the 
signal producing system. In such an embodiment, top layer 
85 is transparent so that the color intensity of the chromoge 
nic product resulting from the reaction betWeen the target 
analyte and the signal producing system can be measured. 
Transparent layer 85 may, for example, be made of clear thin 
polyester. 

[0060] This approach, in Which the reagent is loaded into 
matrix area 84 and the biosensor is covered With a trans 
parent ?lm 85, is useful in color generation systems that use 
an enZyme independent of oxygen, such as NAD-, or 
PQQ-based glucose dehydrogenase. 

[0061] In yet another embodiment, top layer 85 is one that 
is permissive of aqueous ?uid How and is suf?ciently 
porous, i.e., provides suf?cient void space, for the chemical 
reactions of the signal producing system to take place. In 
principle, the nature of porous membrane 85 is critical to the 
subject test strips in that it should support an aqueous ?uid 
?oW both lateral and across the membrane thickness. Ideally, 
the membrane pore structure Would not support red blood 
cell How to the surface of the membrane being interrogated, 
i.e., the color intensity of Which is a subject of the measure 
ment correlated to analyte concentration. As such, the 
dimensions and porosity of test strip 80 may vary greatly, 
Where matrix area 84 may or may not have pores and/or a 
porosity gradient, eg with larger pores near or at the sample 
application region and smaller pores at the detection region. 
Materials from Which matrix membrane 85 may be fabri 
cated vary, include polymers, e.g. polysulfone, polyamides, 
cellulose or absorbent paper, and the like, Where the material 
may or may not be functionaliZed to provide for covalent or 
non-covalent attachment of the various members of the 
signal producing system. 

[0062] While test strip device 120 of FIGS. 4A and 4B 
has a substrate 140 having a siZe and shape similar to 
substrate 82, has a membrane 142 Which has a con?guration 
similar to transparent layer 85 and employs the same signal 
producing system as the test strip device of FIGS. 2A and 
2B, there are certain notable differences betWeen the tWo test 
strip devices. First, substrate 140 is made of a metal material 
rather than an inert material. Additionally, matrix 148 is not 
recessed Within substrate 140 and extends across the com 
plete Width of substrate 140. Further, test strip 120 has a 
double-sided adhesive layer 144 situated betWeen substrate 
140 and membrane 142. Double-sided adhesive layer 144 
has a cut-out portion 150 Which corresponds to the area 
covered by matrix 148 and de?nes a deposition area as 
described above With respect to matrix area 84. The double 
sided adhesive layer 144 holds membrane 142 attached to 
substrate 140. 

[0063] A number of different matrices have been devel 
oped for use in various analyte detection assays, Which 
matrices may differ in terms of materials, dimensions and 
the like, Where representative matrices usable With the 
photometric/colorimetric test strip devices of the present 
invention include, but are not limited to, those described in 
US. Pat. Nos. 4,734,360; 4,900,666; 4,935,346; 5,059,394; 
5,304,468; 5,306,623; 5,418,142; 5,426,032; 5,515,170; 
5,526,120; 5,563,042; 5,620,863; 5,753,429; 5,573,452; 
5,780,304; 5,789,255; 5,843,691; 5,846,486; 5,968,836 and 
5,972,294; the disclosures of Which are herein incorporated 
by reference. 
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[0064] The one or more members of the signal producing 
system produce a detectable product in response to the 
presence of analyte, Which detectable product can be used to 
derive the amount of analyte present in the assayed sample. 
In the subject test strips, the one or more members of the 
signal producing system are associated, e.g., covalently or 
non-covalently attached to, at least a portion of (i.e., the 
detection region) the matrix, and in many embodiments to 
substantially all of the matrix. The signal producing system 
is an analyte oxidation signal producing system. By analyte 
oxidation signal producing system is meant that in generat 
ing the detectable signal from Which the analyte concentra 
tion in the sample is derived, the analyte is oxidiZed by a 
suitable enZyme to produce an oxidiZed form of the analyte 
and a corresponding or proportional amount of hydrogen 
peroxide. The hydrogen peroxide is then employed, in turn, 
to generate the detectable product from one or more indi 
cator compounds, Where the amount of detectable product 
generated by the signal measuring system, i.e. the signal, is 
then related to the amount of analyte in the initial sample. As 
such, the analyte oxidation signal producing systems present 
in the subject test strips are also correctly characteriZed as 
hydrogen peroxide based signal producing systems. 

[0065] As indicated above, the hydrogen peroxide based 
signal producing systems include an enZyme that oxidiZes 
the analyte and produces a corresponding amount of hydro 
gen peroxide, Where by corresponding amount is meant that 
the amount of hydrogen peroxide that is produced is pro 
portional to the amount of analyte present in the sample. The 
speci?c nature of this ?rst enZyme necessarily depends on 
the nature of the analyte being assayed but is generally an 
oxidase or dehydrogenase. As such, the ?rst enZyme may be: 
glucose oxidase (Where the analyte is glucose), or glucose 
dehydrogenase either using NAD or PQQ as cofactor; 
cholesterol oxidase (Where the analyte is cholesterol); alco 
hol oxidase (Where the analyte is alcohol); lactate oxidase 
(Where the analyte is lactate) and the like. Other oxidiZing 
enZymes for use With these and other analytes of interest are 
knoWn to those skilled in the art and may also be employed. 
In those preferred embodiments Where the reagent test strip 
is designed for the detection of glucose concentration, the 
?rst enZyme is glucose oxidase. The glucose oxidase may be 
obtained from any convenient source, eg a naturally occur 
ring source such as Aspergillus niger or Penicillum, or 
recombinantly produced. 

[0066] The second enZyme of the signal producing system 
is an enZyme that catalyZes the conversion of one or more 
indicator compounds into a detectable product in the pres 
ence of hydrogen peroxide, Where the amount of detectable 
product that is produced by this reaction is proportional to 
the amount of hydrogen peroxide that is present. This second 
enZyme is generally a peroxidase, Where suitable peroxi 
dases include: horseradish peroxidase (HRP), soy peroxi 
dase, recombinantly produced peroxidase and synthetic ana 
logs having peroxidative activity and the like. See, e.g., Y. 
Ci, F. Wang; Analytica Chimica Acta, 233 (1990), 299-302. 

[0067] The indicator compound or compounds, e.g., sub 
strates, are ones that are either formed or decomposed by the 
hydrogen peroxide in the presence of the peroxidase to 
produce an indicator dye that absorbs light in a predeter 
mined Wavelength range. Preferably the indicator dye 
absorbs strongly at a Wavelength different from that at Which 
the sample or the testing reagent absorbs strongly. The 
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oxidized form of the indicator may be a colored, faintly 
colored, or colorless ?nal product that evidences a change in 
color of the testing side of the membrane. That is to say, the 
testing reagent can indicate the presence of glucose in a 
sample by a colored area being bleached or, alternatively, by 
a colorless area developing color. 

[0068] Indicator compounds that are useful in the present 
invention include both one- and tWo-component chromoge 
nic substrates. One-component systems include aromatic 
amines, aromatic alcohols, aZines, and benZidines, such as 
tetramethyl benZidine-HCl. Suitable tWo-component sys 
tems include those in Which one component is MBTH, an 
MBTH derivative (see for example those disclosed in US. 
patent application Ser. No. 08/302,575, incorporated herein 
by reference), or 4-aminoantipyrine and the other compo 
nent is an aromatic amine, aromatic alcohol, conjugated 
amine, conjugated alcohol or aromatic or aliphatic aldehyde. 
Exemplary tWo-component systems are 3-methyl-2-ben 
ZothiaZolinone hydraZone hydrochloride (MBTH) combined 
With 3-dimethylaminobenZoic acid (DMAB); MBTH com 
bined With 3,5-dichloro-2-hydroxybenZene-sulfonic acid 
(DCHBS); and 3-methyl-2-benZothiaZolinonehydraZone 
N-sulfonyl benZenesulfonate monosodium (MBTHSB) 
combined With 8-anilino-1 naphthalene sulfonic acid ammo 
nium In certain embodiments, the dye couple 
MBTHSB-ANS is preferred. 

[0069] In yet other embodiments of colorimetric test 
strips, signal producing systems that produce a ?uorescent 
detectable product (or detectable non-?uorescent substance, 
eg in a ?uorescent background) may be employed, such as 
those described in Kiyoshi Zaitsu, Yosuke Ohkura, NeW 
?uorogenic substrates for Horseradish Peroxidase: rapid and 
sensitive assay for hydrogen peroxide and the Peroxidase, 
Analytical Biochemistry (1980) 109, 109-113. Examples of 
such colorimetric reagent test strips suitable for use With the 
subject invention include those described in US. Pat. Nos. 
5,563,042; 5,753,452; 5,789,255, herein incorporated by 
reference. 

[0070] Skin-Piercing Elements/Microneedles 

[0071] Referring to test strips 2 and 80 of FIGS. 1 and 2, 
respectively, as Well as to test strips 100 and 120 of FIGS. 
3 and 4, respectively, the various con?gurations of skin 
piercing element/microneedles of the present invention Will 
noW be discussed in greater detail. As discussed above, test 
strip device 100 includes an electrochemical biosensor con 
?guration similar to that of test strip 2 of FIG. 1 While test 
strip device 120 includes a colorimetric/photometric biosen 
sor con?guration similar to that of test strip 80 of FIG. 2; 
hoWever, the test strip devices 100 and 120 of FIGS. 3 and 
4, respectively, differ from those of FIGS. 1 and 2 in that 
they have a different microneedle con?guration. In both 
embodiments, the microneedles extend from a substrate of 
the respective test strip. Speci?cally, in the electrochemical 
test strip device embodiments of FIGS. 1 and 3, the 
microneedle may extend from either of one of the tWo 
substrates, i.e., biosensor electrodes, Wherein the micron 
eedle and such associated electrode are integrated With each 
other. 

[0072] Any suitable shape of skin-piercing element may 
be employed With the subject test strip devices, as long as the 
shape enables the skin to be pierced With minimal pain to the 
patient. For example, the skin-piercing element may have a 
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substantially ?at or planar con?guration, or may be substan 
tially cylindrical-like, Wedge-like or triangular in shape such 
as a substantially ?attened triangle-like con?guration, blade 
shaped, or have any other suitable shape. The cross-sectional 
shape of the skin-piercing element, or at least the portion of 
skin-piercing element that is penetrable into the skin, may be 
any suitable shape, including, but not limited to, substan 
tially rectangular, oblong, square, oval, circular, diamond, 
triangular, star, etc. Additionally, the skin-piercing element 
may be tapered or may otherWise de?ne a point or apex at 
its distal end. Such a con?guration may take the form of an 
oblique angle at the tip or a pyramid or triangular shape or 
the like. 

[0073] The dimensions of the skin-piercing element may 
vary depending on a variety of factors such as the type of 
physiological sample to be obtained, the desired penetration 
depth and the thickness of the skin layers of the particular 
patient being tested. Generally, the skin-piercing element is 
constructed to provide skin-piercing and ?uid extraction 
functions and, thus, is designed to be suf?ciently robust to 
Withstand insertion into and WithdraWal from the skin. 
Typically, to accomplish these goals, the ratio of the pen 
etration length (de?ned by the distance betWeen the base of 
the skin-piercing element and its distal tip) to diameter 
(Where such diameter is measured at the base of the skin 
piercing element) is from about 1 to 1, usually about 2 to 1, 
more usually about 5 to 1 or 10 to 1 and oftentimes 50 to 1. 

[0074] The total length of the skin-piercing elements gen 
erally ranges from about 1 to 30,000 microns, usually from 
about 100 to 10,000 microns and more usually from about 
1,000 to 3,000 microns. The penetration length of the 
skin-piercing elements generally ranges from about 1 to 
5000 microns, usually about 100 to 3000 microns and more 
usually about 1000 to 2000 microns. The height or thickness 
of skin-piercing elements 6 and 86, at least the thickness of 
the distal portion of the skin-piercing element, typically 
ranges from about 1 to 1000 microns, usually from about 10 
to 500 microns and more usually from about 50 to 250 
microns. The outer diameter at the base generally ranges 
from about 1 to 2000 microns, usually about 300 to 1000 
microns and more usually from about 500 to 1000 microns. 
In many embodiments, the outer diameter of the distal tip 
generally does not exceed about 100 microns and is gener 
ally less than about 20 microns and more typically less than 
about 1 micron. HoWever, it Will be appreciated by one of 
skill in the art that the outer diameter of the skin-piercing 
element may vary along its length or may be substantially 
constant. 

[0075] Each of the skin-piercing elements of the test strip 
devices of FIGS. 1-4 has a space-de?ning con?guration or 
structure therein Which, upon insertion into the skin, creates 
a space or volume Within the pierced tissue. This space 
serves as a reservoir Within Which bodily ?uid is caused to 
pool in situ prior to being transferred to the biosensor portion 
of the subject test strip devices. Generally, the space-de?n 
ing con?gurations of the present invention create or de?ne 
a space Within the pierced tissue having a volume at least as 
great as the available ?uid volume in the reaction Zone of the 
biosensor. Such space or volume ranges from about 10 to 
1,000 nL, and more usually from about 50 to 250 nL. Such 
volume occupies a substantial portion of the entire volume 
occupied by the structure of the skin-piercing element, and 
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