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LANCETS FOR BODILY FLUID SAMPLING SUPPLIED ON A TAPE

BACKGROUND

The present invention generally relates to bodily fluid sampling and more
specifically, but not exclusively, concerns bodily fluid sampling devices having a
supply of sterile lancets carried by a tape.

The acquisition and testing of bodily fluids is useful for many purposes, and
continues to grow in importance for use in medical diagnosis and treatment, and in
other diverse applications. In the medical field, it is desirable for lay operators to
pertorm tests routinely, quickly and reproducibly outside of a laboratory setting, with
rapid results and a readout of the resulting test information. Testing can be performed
on various bodily fluids, such as blood and/or interstitial fluid. Such fluids can be
tested for a variety of characteristics of the fluid, or analytes contained in the fluid, in
order to identify a medical condition, determine therapeutic responses, assess the
progress of treatment, and the like.

The testing of bodily fluids begins with obtaining the fluid sample. One
method of acquiring the fluid sample involves inserting a hollow needle or syringe
into a vein or artery in order to withdraw a blood sample. However, such direct
vascular blood sampling can have several limitations, including pain, infection, and
hematoma and other bleeding complications. In addition, direct vascular blood
sampling is not suitable for repeating on a routine basis, can be extremely difficult
and 1s not advised for patients to perform on themselves.

The other common technique for collecting a blood or other bodily fluid
sample is to form an incision in the skin to bring the fluid to the skin surface.
According to this technique, a lancet, such as a needle, knife or other cutting
instrument, is used to form the incision in the skin. The resulting blood or interstitial

fluid specimen may
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then be collected in a small tube or other container, or placed directly in contact with
a test strip or otherwise analyzed. Because lancets are necessarily sharp, lancing
devices are typically constructed to protect the lancets when not in use to avoid
injuries and contamination.

5 However, many existing lancing devices are generally designed to hold a
single lancet and after lancing require manual replacement of the lancets before
performing a subsequent lancing. Particularly where an individual needs to obtain
multiple samples per day, it can be inefficient and inconvenient to carry a separate
supply of lancets or to use a separate device for each lancing event. A self contained

10  multi-use lancing device could avoid the problems of manually replacing a used
lancet, but there are challenges in designing a multi-use lancing device that can safely
and reliably handling the lancets yet 1s compact in design and simple for a lay
operator to use and which 1s also economical to manufacture. Accordingly, there is a
need in the art for a multi-use lancing device that meets some or all of these

15 challenges. In one torm, the present invention addresses this need and provides a
multi-use lancing device that is simple and safe for a lay operator to use and that is
cost-effective to manufacture. In other forms the present invention provides other

advancements 1n the art.

SUMMARY

20 The present invention provides novel systems and techniques for lancing
tissue etrther alone or in combination with testing of the resulting bodily fluid.

While the actual nature of the invention covered herein can only be
determined with reference to the claims appended hereto, certain aspects of the
invention that are characteristic of the embodiments disclosed herein are described

25  briefly as follows.

According to one aspect, the invention provides a novel supply of lancets on a
tape.

According to another aspect, the invention provides a novel systems and
techniques for obtaining bodily fluid samples.

30 According to still other aspects, novel methods of supplying lancets on a tape

and of lancing tissue are disclosed.
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These and other aspects are discussed below.

Therefore, in accordance with the present invention, there 1s provided a device
for bodily fluid sampling, comprising a housing having a lancet opening and a
carrying tape having at least one test media for receiving a bodily fluid and at least
one lancet contained on the tape, the lancet having a lancet length and a distal portion
defining a sharp tip, the test media being provided on the tape near the lancet.

In a particular embodiment, the tape is a reel to reel tape and the at least one
lancet includes a plurality of lancets that are non-ctrcular 1in cross-section along at
least a portion of their length, further comprising an activator for advancing the tape
to position a first one of the lancets adjacent a bend in the tape with the sharp tip of
the first lancet spaced from the tape so that the sharp tip may pierce a tissue, and for
advancing the tape after the piercing to bring the sharp tip of the first lancet closer to
the tape.

Also in accordance with the present invention, there 1s provided a tape
comprising multiple layers laminated or fused together, the multiple layers including a
lancet layer providing the at least one lancet, and a test media layer carrying at least
one of the test media for each lancet, the test media layer being mounted onto the
lancet layer with the test media facing the lancet layer so as to sandwich the test
media between the lancet layer and the test media layer.

Further in accordance with the present invention, there is provided a method
of contacting bodily fluid with a test media comprising:

advancing a carrying tape having a lancet and a test media fixed
thereon to position the lancet in an activating position;

engaging the lancet with an activator;

activating the lancet to obtain the bodily fluid sample;

positioning the test media adjacent the lancet opening to receive the
bodily fluid sample; and

contacting the bodily fluid sample to the test media.
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BRIEF DESCRIPTION OF THE FIGURES

Although the characteristic features of this invention will be particularly
pointed out in the claims, the invention itself, and the manner in which it may be
made and used, may be better understood by referring to the following description
taken in connection with the accompanying figures forming a part thereof.

FIG. 1 is a perspective view of a supply of lancets in reel to reel format.

FIG. 2 is a perspective view of a multi-use lancing device utilizing the FIG. 1
lancets.

FIG. 3 is a sectional view of a multi-use lancing device according to another
embodiment. \

FIG. 4 15 a side view of the FIG. 3 multi-use lancing device.

FIG. 5 1s a sectional view of a multi-use lancing device according to another
embodiment.

FIG. 6 is an assembly view of a tape with integrated test strips according to
another embodiment.

FIG. 7 1s a sectional view of a multi-use lancing device employing the tape
with integrated test strips of FIG. 6. '

FIG. 8 1s a perspective view of a tape carrying a lancet according to a further
embodiment.

FIG. 9 is a sectional view of a multi-use lancing device employing the tape of
FIG. 8.

FIG. 10 is a perspective view of the FIG. 1 supply of lancets with a peel
away cover.

FIG. 11 is an assembly view of a tape with integrated test strips according to
another embodiment.

FIG. 12 1s a top view of a section of the FIG. 11 tape.
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DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

For the purposes of promoting an understanding of the principles of the
invention, reference will now be made to the embodiments illustrated in the
drawings and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of the invention is
hereby intended. Alterations and further modifications in the illustrated devices,
and such further applications of the principles of the invention as illustrated herein
are contemplated as would normally occur to one skilled in the art to which the
invention relates.

In one form, the present invention provides a compact supply of lancets for
sampling bodily fluids. The lancets have a non-circular cross section and are
arranged on a carrying tape such that the lancets can be sequentially brought from a
storage position to an activating position by advancing the tape around a bend. In
the activating position, the lancets extend from the tape and their sharp tips are
available for lancing tissue, whereas in the storage position the lancets are
generally aligned with the carrying tape to facilitate compact storage of the lancets.
The carrying tape is contained in a housing defining a lancing opening, and during
lancing, the sharp tip of a lancet in the activating position is rapidly advanced and
retracted through the lancing opening to pierce adjacent tissue and obtain the
bodily fluid sample. After lancing, advancement of the tape brings the used lancet
back into a storage position and also positions the next lancet in the activating
position to be ready for a subsequent lancing.

As will be described more fully below, there are a variety of mechanisms that
can be employed for advancing and retracting the lancets to cause the lancing
motion. For example, in certain embodiments the lancets are infegral with the tape
and rapid movement of the tape results in the lancing motion of the lancet. In one
form, the entire tape is moved along its tape path, while in another form only a
service loop of the tape is actuated in a lancing motion. In other embodiments,
where the lancets are not integral with the tape, a separate actuator can be used to

engage the lancets and move them in the lancing motion independent of any

movement of the adjacent tape.
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Tuming now to FIG. 1, a supply of lancets according to’one embodiment
where the lancets are integral with the tape is depicted. Device 20 includes a
carrying tape 22 and a plurality of lancets 28 sequentially positioned along the
length of the tape 22. Each of the lancets 28 have a proximal portion 30, a distal
portion 29, and a sharp tip 31 at the distal end of their distal portions 29. The
length of the tape 22 includes a supply section 34 followed by an activating section
32 followed by a storage section 36. The supply section 34 is wrapped around a
supply reel 24, and the storage section 36 1s wrapped around a storage reel 20. In
the activating section 32, the tape 22 passes around a wheel 38 resulting in a bend
39 in the path of the tape 22,

As mentioned above, in this embodiment the lancets QS are integral with the
tape 32. More specifically, the proximal portions 30 of the lancets 28 are integral
with the tape 22 whereas the distal portions 29 are free to extend from the tape 22
when the lancet is in its activating position (described more fully below). This can
be accomplished by forming the tape 22 and lancets 28 from the same piece of tape
stock by etching, punching, or otherwise removing portions of the tape stock to
form the profile of the lancets 28. In the FIG. 1 embodiment, the proximal ends of
the lancets are then crimped to cause the main body of the lancets to normally lie
slightly offset from but parallel to the plane of the adjacent surface 23 of the tape
32. In other embodiments, the lancets are similarly formed but not crimped, and
thus in these embodiments the lancets would normally lie in the plane of the tape
surface 32. In still other embodiments, the lancets 28 are independently formed
and then made integral with the tape 22, such as by being attached to the tape 22
with a clip, adhesive, or welding.

Both the lancets 28 and the tape 22 are thin and sufficiently deformabie to
permit the reel-to-reel transfer of the tape 22 carrying the lancets 28 from the
supply reel 24 to the storage reel 26. The lancets 28 (and tape 22) are constructed
of material having sufficient shape memory or resiliency to allow the lancets 28 to
return to a generally linear orientation upon being unwound from the supply reel
24. As aresult, when the lancet 22 is positioned adjacent the bend 39 in the tape
22, its sharp tip 31 is spaced from the tape 22 and available for lancing. This
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position is referred to as the activating position, and as depicted in FIG, 1, lancet 28
s In its activating position. By contrast, lancet 28a is in a different orientation
relative to the tape 22, and the orientation of lancet 28a is referred to herein as a
storage position.

Referring to FIG. 2, the device 20 is contained in a housing 40 defining a
lancing opening 42, The lancing opening 42 receives the tip 31 of a lancet 28 that
s in its activating position. The device 20 is configured such that the axes of
rotation 24a, 26a, and 38a of the supply reel 24, storage reel 26a and wheel 38,
respectively (see FIG. 1), are all generally parallel. A pair of knobs 44 and 46 are
operatively coupled to the supply reel 24 and the storage reel 26 respectively for
advancing and activating the lancets 28. During operation, knob 46 is used to
advance the tape 22 to bring a lancet from the supply reel 24, where it is
uncontaminated with the bodily fluid, to its activating position. With the tip 31
positioned towards the lancing opening 42, the tape 22 is reversed via knob 44 to
cause the lancet 28 to project out of the lancing opening 42. After use, the tape 22
Is again advanced to move the used lancet 28 onto the storage reel 26.

In a preferred form, the movement of the tip 31 through the lancing opening
is a rapid back and forth motion generally along the line defining the longitudinal
length of the lancet. This is referred to as a lancing motion. The knobs 44 and 46
may each be configured to include a clutch and appropriate spring biasing to
provide for this rapid lancing movement by moving the tape 22 rapidly back and
forth along its path. As an alternative to achieving the back and forth lancing
motion by the back and forth movement of the tape 22 along its tape path, the

entire device 20 can be mounted in the housing 40 such that the entire device 20 is
translated in a back and forth movement. In a still further embodiment, only a
portion of the tape 22 is moved during lancing. An embodiment providing for the
lancing motion via relative movement of only a part of the tape 22 is depicted in

FIG. 3
The multi-use lancing device 120 of FIG. 3 includes a carrying tape 122 and

a plurality of lancets 128 constructed in similar fashion as tape 22 and lancets 28 of

the FIG. 1 device. Tape 122 is similarly wrapped around a supply reel 124 anda
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storage reel 126 and mounted in a housing 140 that has a lancing opening 142.
However, unlike the tape 22 of FIG. 1, the activating portion of tape 122 is formed
into a service loop that is translatable independently of the remainder of the tape
122,

More specifically, the activating portion of tape 122 passes around a pair of
wheels 112 and 114 that are freely rotatable but whose longitudinal translation is
tied together by tie rod 110, Referring to FIG. 4, the axle 116 of rear wheel 114 is
configured to fravel in a guiding slot 118 of the housing 140 such that when a
lancet 128 is in its activating position (e.g. lancet 128 of FIG. 3), the axle 116 can
be pulled to the left of the FIG. 3 view so as to compress spring 119. This
compression cocks the device, and upon release, the spring 119 pushes the axle 116
and the wheels 114 and 112 to the right of the FIG. 3 view. This in turn causes the
tip 131 of the lancet 128 to rapidly advance through the lancing opening 142.
Recoil of the spring 119 (or a second recoil spring) brings the lancet 128 back
inside the housing, and then knob 146 is tumed to advance the tape 122 onto the
storage reel 126 and also to position the next lancet 128 from the supply reel 124
into the activating position. The process may then be repeated for the next lancing.

A further variation on the use of a service loop is utilized in the device 220 of
FIG. 5. The multi-use lancing device 220 includes a supply reel 224 and a storage
reel 226 mounted in a housing 240 defining a lancing opening 242. A lever 246 is
coupled to the storage reel 226 and is used to advance the tape 222 to position
lancet 228 in its activating position adjacent the wheel 212. Axis 211 of wheel 212
1s mounted at one end of a pivot arm 213, The pivot arm 213 is configured to pivot
about pin 208, and a pair of tape guides 210 are mounted on the arm 213 adjacent
the pivot pin 208. The other end of the pivot arm 213 is connected to a coupling
214 between piston 230 and compression spring 219 such that, as viewed in FIG. 3,
vertical movement of piston 230 is translated into pivotal motion of the pivot arm
213. The connection between pivot arm 213 and coupling 214 can be a pin-in-slot
(not shown) or similar coupling arrangement that would accommodate the arc of

the pivot arm 213 relative to the linear motion of piston 230 as the arm 213 pivots

about pin 208.
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The device 220 1s configured for two-button operation. A cocking button
238 serves to drive the piston 230 downward in the FIG. 5 view and compress the
spring 219, The compression continues until a recess 232 in the piston 230 reaches
a firing pin 234, at which point the firing pin 234, because it is biased by spring
235 toward piston 230, seats into recess 232 and hdlds the piston 230 1n position.
This position involves the pivot arm 213 being in the cocked position that is
depicted in FIG. 5. When ready for lancing, the fire button 236 is depressed, and a
cam surface of the fire button engages a con'espbnding cam surface on the firing
pin to withdraw the pin 234 from the recess 232. This frees the piston 230, and the
force of the compression spring 219 drives the piston upward in the FIG. 5 view.
This movement in turn raises the coupling 214 end of the pivot arm 213, causing
the pivot arm 213 to pivot and thereby advancing the lancet 228 through the
opening 242. Relaxation of the spring brings the arm 213 to an intermediate
position wherein the lever 246 is activated to advance the now used lancet 228
towards the storage reel 226.

It is to be understood that after lancing, the bodily fluid can be collected and
analyzed for a variety of properties or components, as is well known in the art. For
example, such analysis may be directed to hematocrit, blood glucose, coagulation,
lead, iron, etc. Testing systems include such means as optical (e.g., reflectance,
absorption, fluorescence, Raman, eic.), electrochemical, and magnetic means for
analyzing the sampled fluid. Typically, a test system contacts the bodily fluid to be
tested with a test media and takes advantage of a reaction between the bodily fluid
and a reagent present in the test media. For example, an optical test strip will
generally rely upon a color change, i.e., a change in the wavelength absorbed or
reflected by dye formed by the reagent system used. See, e.g., US Patent Nos.
3,802,842; 4,061,468; and 4,490,465.

While the embodiments of FIGS. 1-5 have been illustrated as stand alone
lancing devices for obtaining the bodily fluid sample, it is contemplated that these and
other embodiments can be adapted to provide lancing and testing in a single device.

One mechanism for accomplishing this is to incorporate a test strip on the lancet

e O TR N g dltan Y cagne I KNS
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carrying tape, to contact the produced bodily fluid with the test strip, and then to
analyze the test strip with an incorporated sensor.

Turning now to FIG. 6, a tape 270 configured for an integrated lancing and
testing device is depicted. Tape 270 is assembled from multiple tape layers laminated
or fused together, such as with heat or pressure sensitive adhesive or welding. A
lancet layer 264 is the intermediate layer and provides the lancets 266. The lancet
layer 264 is formed by etching or punching the lancets 266 out of a tape stock as
described above. As depicted in FIG. 6, the lancets 266 have a longitudinal capillary
groove 268 that begins at or near the lancet tip and extends down the lancet length to
facilitate conveying the bodily fluid down the lancet. The lancet layer 264 is mounted
to a base layer 250 of tape stock, which provides additional support and structural
nigidity to the finished tape 270, as needed.

A test media layer 260 camies at least one test media 262 for each of the lancets
266, and 1t can be formed by printing or inking the appropriate reagent(s) onto an
appropriate tape stock. The test media layer 260 is then mounted onto the lancet layer
264 with the test media 262 facing the lancet layer 264 so as to sandwich the test
media 262 between layers 264 and 260. The test media 262 are generally aligned
with the base of the capillary grove 268 so as to receive the bodily fluid conveyed
down the grove 268, as described more fully below.

Referring now to FIG. 7, the formed tape 270 can be mounted in a housing 280
having a lancing opening 282 with the tape 270 configured for the reel to reel transfer
from a supply reel 284 to a storage reel 286 as described above. The tape 270 is
positioned such that the test media layer 260 is outermost, i.e. closest to sensor 290 in
the FIG, 7 view. Accordingly, in this embodiment, one function of the test media
layer 260 is to cover and protect the test media 262 prior to use. The test media layer
260 1s also covering the tips of the lancets 266 and is designed to be punctured by a
lancet 266 when the tape 270 is bent. To facilitate this puncturing, the test media
layer 260 optionally includes microperforations 263, formed for example by laser
cutting, generally along the outline of the lancets 266. In the illustrated embodiment,

the sensor 290 is an optical sensor, and to facilitate interrogation of the test media
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262, the test media layer 260 is constructed of material that passes the wavelength of
interest

During assembly of the tape 270, care is taken to assure that the lancets 266 of
the lancet layer 270 are able to separate from the base layer 250 and puncture through
the test media layer 260 when the tape 270 is placed around a sharp bend.
Accordingly, the tape 270 is utilized to sequentially provide a lancet 266 and to
activate the provided lancet 266 through the lancing opening 282 in accordance with
the embodiments described above.

Once the tissue is lanced, the bodily fluid sample is captured in the capillary
groove 268 of the lancet 266 and capillary forces drawn the fluid sample to the test
media 262. Additional capillary forces may be provided by a flap of the test media
layer 260 that is formed when the lancet 266 punches through the test media layer
260. This flap (corresponding to microperforations 263) will contact the lancet 266
after the lancing and rest against at least a portion of the capillary grove 268,
providing additional wicking forces for conveying the fluid along the capillary groove
268 to the test media 262. Test media layer 260 can be constructed of a material that
enhances the wicking force, for example one that is hydrophilic.

Having contacted the bodily fluid to the test media 262, the test media is next
positioned by the optical sensor 290. After the appropriate time interval, the sensor
290 reads the test media 266 through the test media layer 260. An output representing
at least one property of the bodily fluid may then be presented to the user on a display
(not shown), such as a L.CD screen.

In a variation, rather than or in addition to having the lancets 266 on the outside
of the lancet layer 266 (i.e. the side facing the test media layer per the FIG. 6 view), as
described above, a test media 262 may be positioned on the underside of the lancets
268, for example on the carrying tape 250 generally adjacent the lancet 266 when the
lancet is not extending from the tape 270.

Another variation is depicted in FIGS. 11 and 12. The tape of FIGS. 11 and 12
is identical to tape 270 of FIG. 6, save the addition of a recess 265 in the lancet layer
and a vent opening 267 and a dessicant spot 269 in the test media layer 260. The
recess 2635 is positioned at the base of the capillary groove 268 (or slot) and
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underneath the test media 262. This open area beneath the test media 262 assists the
transfer of the bodily fluid to the test media 262. The vent opening 267 overlays a
portion of the recess 265 to allow air to escape during the capillary dosing of the test
media 262. A piece of dessicant material may optionally be placed in spot 269 (or
other at another location on layer 260 or 264) to absorb moisture and help preserve
the integrity of the test media 262.

A still further variation involves capturing the bodily fluid directly from the
tissue, i.e. without using the capillary groove 268. For such direct capture, the tissue
that has been lanced and is now expressing the bodily fluid can be directly pressed
against the test media 262. An appropriate place for such a test media 262 would be
at a location on the uppermost surface of tape 270 (per the FIG. 6 view) that is
spatially removed from the lancet 266 to avoid inadvertently touching the now
contaminated lancet 266 during such direct transfer from the tissue to the tape 270.

In a further embodiment, a lancet and its associated test media are provided on
the tape in the form of an integrated lancing test strip as described more fully in
commonly owned U.S. Application Ser. No. 10/767,522, filed January 29, 2004 and
titled Integrated Lancing Test Strip.

A common medical test, and one for which the present invention is particularly
but not exclusively applicable, is the measurement of blood glucose level. The
glucose level can be determined directly by analysis of the blood, or indirectly by
analysis of other fluids such as interstitial fluid. Diabetics are generally instructed to
measure their blood glucose level several times a day, depending on the nature and
severity of their diabetes. Based upon the observed pattern in the measured glucose
levels, the patient and physician determine the appropriate level of insulin to be
administered, also taking into account such issues as diet, exercise and other factors.

In testing for the presence of an analyte such as glucose in a bodily fluid, the
test system 300 can take advantage of an oxidation/reduction reaction which occurs
using an oxidase/peroxidase detection chemistry. In this form, the test media 262 is
exposed to a sampie of the bodily fluid for a suitable period of time, and there is a
color change if the analyte (glucose) is present. Typically, the intensity of this change

is proportional to the concentration of analyte in the sample. The sensor 290 can be
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an optical sensor such as a reflectance spectrophotometer operating a selected
wavelength, which serves to compare the color of the reagent to a known standard to
determine the amount of analyte present in the sample. Electrochemical and other
systems could also be employed. It is to be appreciated that, where the dry reagent
chemistry employed renders it appropriate, the test media tape 263 serves to keep the
underlying test media 262 sterile and substantially free from moisture prior to use.
While the embodiments illustrated in FIGS. 1-7 have involved lancets that were
integral with the tape, variations of these and other embodiments are contemplated
where the lancets are not integral with the tape and are activated for lancing
independently from the tape. One such embodiment is depicted in FIGS. 8 and 9,
wherein the lancets 328 are contained on the carrying tape 322 between a pair of
raised side members 324 defining a longitudinal slot 326 along the length of the tape
322. The sharp tip 331 of the lancet 328 is initially protected under a sterile cover
332, and the entire lancet 328 is covered by a piece of retaining material 330. The
material 330 1s affixed to the side members 324 and covers the lancet 328 save for the
portions exposed by the front and rear access openings 342 and 340 in the retaining
material 330. A test media 362 1s provided on the tape 322 near the lancet tip 331.
Referring now to FIG. 9, the tape 322 is supplied to position a lancet 328
adjacent a bend in the tape in the reel-to-reel manner described above, or in any other
suitable manner. An activator 360 having a pin 362 then engages a corresponding slot
on the lancet 328 to withdraw the lancet from the sterile cover 332 and to bring the tip
331 into the front Opening 342 of the retaining material. When it is no longer
constrained by the retaining material, the tip 331 of the lancet 328 is allowed to freely
extend into the activating position, as depicted in FIG. 9. The activator 360 then

advances and retracts the lancet 328 in the back and forth lancing motion to lance the
adjacent tissue 350, depicted in this example as a fingertip. The activator 360 then
releases the lancet 328, leaving it at least partially under the retaining material 326,
and the tape and the used lancet 328 are advanced to storage. This advancement of
the tape simultaneously positions the test media 362 adjacent the opening for direct

transfer of the bodily fluid from the tissue 350 to the test media 362 and subsequent
analysis by optical reader 366.
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To facilitate the direct transfer of bodily fluid from the tissue 350 to tﬁe test
media 362, the opening 370 can be constructed as a flexible cone that is mechanically
deformed by the user’s finger to allow the finger to contact the test media 362.
Alternatively or in addition, the optical reader 366 can be adapted to displace the tape
322 towards and/or into the opening 370 (i.e. upwardly in the FIG. 9 view) to
facilitate the direct fluid transfer.

In still other forms, the sample may be collected via a capillary groove (not
shown) on the lancet 328. In this embodiment the activator 360 may hold the lancet
328 while the tape 322 is advanced, and then the activator 360 may position the lancet
328 to transfer the captured bodily fluid to the test media 362. For other mechanism
of collection or after the lancet is no longer needed, the activator 360 can optionally
fully remove the lancet 328 from the tape 322 and move it to a discard location, or the
activator 360 can replace the lancet 328 under the retaining' material 330 for storage in
the storage section of the tape 322.

The embodiments described herein can be incorporated into a battery powered
handheld device wherein some or all of operations described herein are automated.
Such an automated device could include appropriate electric motors or solenoids for
advancing the tape and for cocking and/or firing the lancet, along with the appropriate
controllers and user interface (such as one or more buttons) as would occur to those of
skill in the art.

For example, using the FIG. 9 embodiment, one or more of the follow steps
can be automated: advancing the tape to positioning a lancet into an activating
position; engaging the lancet with the activator; activating the lancet to obtain the
bodily fluid sample; positioning the test media adjacent the opening to receive the
bodily fluid sample; contacting the bodily fluid sample to the test media (e.g.
moving the optical reader); interrogating the test media with the optical reader;
displaying the results; moving the used lancet and test media to storage.

In a preferred form, an entire acquisition and testing cycle is antomated and
1s initiated by the user turning on the device, and after being prompted, pressing a
button. The acquisition and testing cycle also can provide for user intervention

throughout the cycle, for example to repeat a step or to stop the process altogether.
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For example after lancing, the automated cycle can prompt the user for another
button press before continuing to test the sample. In this way, if the lancing was
unsuccessful, the user can avoid wasting the test media, and the device can provide
the option of re-lancing using the same lancet.

It 1s to be understood that many conventional lancets are generally cylindrical
needles, 1.e. they are circular in cross section along their longitudinal length. This
type of construction generally results in a lancet of generally uniform rigidity, i.e. that
resists flexing equally in all directions. It is to be understood, however, that while
lancets useful in the present invention can generally take any form, advantages can be
achieved when the lancets are constructed such that there is a noticeable degree of
flexibility in at least one direction, such that the lancets can be flexed while in the
storage position and generally linear while in the activating position. One mechanism
for achieving this flexibility is to construct the lancets such that at least a portion of
their length 1s non-circular in cross section. More specifically, the créss—section along
the lengths of lancets according to certain embodiments of the invention can be
substantially non-circular, and more preferably of high aspect ratio, e.g. having an
aspect ratio of at least 3.

As a particular example of this high aspect ratio cross-sectional construction,
the lancets illustrated herein are generally planar, or rectangular in cross section along
their length. For example, the lancets 266 of FG. 6 have a length L. and a width W
that are about equal, but both the length L and the width W are substantially greater
than the thickness of the lancets (and of the tape). Likewise, the lancets 28 depicted
in FIG. 1 are also planar, though in addition to being high aspect along their length
(i.e. width to thickness ratio), lancets 28 also havé a high length to width ratio.
Lancets having non-planar profiles or variations on planar profiles are also
contemplated, for example via the provision of reinforcing structures or other
features, such as longitudinally extending ribs, to modify or enhance the structural
rigidity of the lancets 28 or 266.

‘However, in one form, any such substantial deviations from planar are absent, at
least along a substantial portion of the lancet body, i.e. at least about 25% of one

major surface is substantially planar. In other forms, a major portion of the lancet
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body, i.e. at least about 50% 1is substantially planar. In other forms, planar portions
make up at least 70% of at least one major surface of the lancet.

The lancets and the tape can be constructed of any suitable material or
combination of materials. For example, a lancet tape can be constructed from a
hardened stainless steel, such as the comunercially available 316 stainless stee] full
hard shim stock, or any other suitable thin foil constructed of metal, plastic or plastic
composite. A suitable thickness for the tape stock may be between about 1 and 10
mill. The lancets can also be constructed of a shape memory alloy or other
superelastic material. A suitable shape memory alloy is a nickel titanium alloy or
nitinol, for instance supplied by the company DYNALLOY, INC, of Costa Mesa,
Calif., USA, under the trade name FLEXINOL. In one form, the nitinol is
approximately 55% nickel and 45% titanium.

Stamping, photoetching, laser cutting, and/or other methods can be employed to
produce the lancets from a tape blank and to achieve sharp and/or beveled edges on
the lancets and the optional capillary channel therein. Alternatively, the lancets can
be formed by metal deposition onto a suitable carrier tape. In one embodiment, the
lancets are created from two different materials, for example by affixing sharp metals
tips to plastic lancet bodies. The lancets are.preferably constructed to avoid
significant distortion from being wound up in the supply reel so that they will be not
have significant curvature when in their activating positions. Material property
choices, such as the use of shape memory alloys and hardened stainless steel, are one
mechanism to reduce or avoid unwanted curvature. Alternatively or in addition,

means can be provided to correct for any residual curvature prior to lancing. For

example, the tape could pass through a pair of flattening rollers and/or the lancing

~opening (42, 142, 242, 282, or 370) can be shaped to guide the lancet into a generally

flat orientation as the lancet passes therethrough.

As discussed above, it is desirable to keep the lancets sterile before use. One
useful mechanism for maintaining sterility is the use of a sterile cover, such as sterile
cover 332 described above with respect to FIG. 8. Tuming now to FIG. 10, another
variation for providing a sterile cover over the lancets is depicted. FIG. 10 illustrates

a supply of lancets 420 that is otherwise identical to the lancets 20 of FIG. 1 save the
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addition of removable cover 422. Cover 422 1s adhered tape 22 and protects the
lancets 28 on at least one side, and preferably on both sides, when they are in the
supply reel 24. As the tape 22 is advanced to bring a lancets 28 into the activating
position, a take up reel 424 peels the cover 422 from the tape 22 to expose the
underlying lancet 28. The cover 422 follows a tape path defined by rollers 426 and
428 and then is replaced over the tape 22 by a reapplication reel 430. After being
replaced over the tape 22, the cover and the tape are wound onto the storage reel 26.

By covering the lancets in the supply reel 24, the cover 422 protect the sterility
of the lancets before use. Additionally, by covering the used lancets in the storage
reel 26, the cover 422 provides protection from the spread of any contamination in the
device 420. It is to be appreciated that, while there are design efficiencies in using a
single continuous cover 422 to serve both these functions, different covers may also
be used. More specifically, in one variation, the cover 422 is not routed from the take
up reel 424 to the reapplication reel 430. Rather, two separate covers are used, with a
first cover being removed with the take up reel 424 and a second different cover being
applied with reel 430

Cover 422 can be constructed of any material that is suitable for sterility
protection and should be strong enough that it is not damaged by the sharp tip 31 of
the lancets 28. Suitable materials for cover 422 include synthetics and plastics such as
P.E.T., polyester, polypropylene, nylon, or a combination of different plastic, paper,
and/or metal sheets. Preferably, the cover 422 does not have any holes or cutouts
nearby the lancet tips 31. In the illustrated embodiment, the cover is formed as a
substantially continuous tape without any holes or cutouts along a majority of its

length.

It is to be appreciated that, while the use of a sterility cover 422 that 1s peeled
away to expose lancets before use and/or that is applied to cover used lancets after use
has been explicitly illustrated in connection with the lancet configuration of FIG. 1,

the same can be used with any of the other configurations described herein and others

as would occur to those of skill in the art.
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CLOSURE

While the invention has been illustrated and described in detail in the
drawings and foregoing description, the same is to be considered as illustrative and
not restrictive in character. Only certain embodiments have been shown and
described, and all changes, equivalents, and modifications that come within the
spirit of the invention described herein are desired to be protected. For example,
while a combination lancing and testing device has been described where the test
media is integrated on the same carrying tape as the lancets, the test media can be
separate from the lancet carrying tape, for example configured as a cassette of test
strips as described in commonly owned application serial number 10/164,828, Pub.
No. 2002/0183224.

Any experiments, experimental examples, or experimental results provided
herein are intended to be illustrative of the present invention and should not be
considered limiting or restrictive with regard to the invention scope. Further, any
theory, mechanism of operation, proof, or finding stated herein is meant to further
enhance understanding of the present invention and 18 not intended to limit the
present invention in any way to such theory, mechanism of operation, proof, or
finding. Thus, the specifics of this description and the attached drawings should
not be interpreted to limit the scope of this invention to the specifics thereof.
Rather, the scope of this invention should be evaluated with reference to the claims
appended hereto. In reading the claims it is intended that when words such as “a”,
“an”, “at least one”, and “at least a portion” are used there is no intention to limit
the claims to only one item unless specifically stated to the contrary in the claims.
Further, when the language “at least a portion” and/or “a portion” is used, the
claims may include a portion and/or the entire items unless specifically stated to
the contrary. Finally, all publications, patents, and patent applications cited in this
specification are herein incorporated by reference to the extent not inconsistent
with the present disclosure as if each were specifically and individually indicated to

be incorporated by reference and set forth in its entirety herein.
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CLAIMS:

1. A device for bodily fluid sampling, comprising a housing having a lancet
opening and a carrying tape having at least one test media for receiving a bodily fluid
and at least one lancet contained on the tape, the lancet having a lancet length and a

distal portion detining a sharp tip, the test media being provided on the tape near the

lancet.

2. The device according to claim 1, wherein the tape is a reel-to-reel tape and the
at least one lancet includes a plurality of lancets that are non-circular in cross-section
along at least a portion of their length, further comprising an activator for advancing
the tape to position a first one of the lancets adjacent a bend in the tape with the sharp
tip of the first lancet spaced from the tape so that the sharp tip may pierce a tissue, and
tor advancing the tape after the piercing to bring the sharp tip of the first lancet closer

to the tape.

3. The device according to claim 1 or 2, wherein each lancet is non-circular in

cross-section along a major portion of its length.

4, The device according to any one of claims 1 to 3, wherein the test media is
provided on a surface of the tape spatially removed from the lancet, designed to press

against the pierced tissue and to avoid the test media touching the lancet after the

piercing.

5. The device according to any one of claims 1 to 3, wherein the tape carries the
test media positioned for contact with the bodily fluid produced from the piercing, the

test media being positioned near the lancet tip.

6. The device according to any one of claims 1 to 3, wherein the tape includes a
lancet layer carrying the lancets, the tape further comprising a test media layer
carrying at least one of the test media for each lancet, wherein the test media layer is
mounted onto the lancet layer with the test media facing the lancet layer so as to

sandwich the test media between the lancet and test media layers.
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7. The device according to claim 5 or 6, wherein each lancet includes a capillary

groove for translating the bodily fluid to the test media.

8. The device according to claim 2, wherein each lancet includes a capillary
groove for translating the bodily fluid to the test media, and wherein the activator
holds the first lancet during advancement of the tape, and 1s designed to then position

the first lancet to transter the bodily fluid to the test media.

9. The device according to claim 2 or 3, wherein the tape includes a test media
layer carrying the at least one test media, the test media layer covering and protecting
the at least one test media prior to use and covering the sharp tip of each lancet prior

to being positioned adjacent the bend, the test media layer being designed to be

punctured by the sharp tip when the tape is bent.

10.  The device according to any one of claims 1 to 9, wherein each lancet is
carried on the tape with the sharp tip pointing away from a direction of the tape

advancement.

11.  The device according to any one of claims 1 to 9, further comprising an

optical reader displacing the tape to facilitate fluid transfer to the test media after the

piercing.

12. A tape configured for a device according to claim 1, the tape comprising
multiple layers laminated or fused together, the multiple layers including a lancet
layer providing the at least one lancet, and a test media layer carrying at least one of
the test media for each lancet, the test media layer being mounted onto the lancet layer

with the test media facing the lancet layer so as to sandwich the test media between

the lancet layer and the test media layer.

13.  The tape according to claim 12, wherein the multiple tape layers are laminated

or fused together by heat or pressure sensitive adhesive or welding.
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14. The tape according to claim 12 or 13, wherein each lancet has a longitudinal
capillary groove that begins at or near a tip of the lancet and extends down a length of

the lancet to facilitate conveying a bodily fluid down the lancet.

15.  The tape according to claim 14, wherein the test media is generally aligned

with a base of the capillary groove so as to receive the bodily fluid conveyed down

the capillary groove.

16.  The tape according to claim 15, wherein the lancet layer includes a recess for
each lancet, the recess being positioned at the base of the capillary groove and

underneath the test media.

17.  The tape according to any one of claims 14 to 16, wherein the test media layer

includes a vent opening and a dessicant spot for each lancet.

18.  The tape according to claim 17, further including a piece of dessicant material

placed in each dessicant spot to absorb moisture and preserve integrity of the test

media.

19.  The tape according to any one of claims 12 to 18, wherein the test media layer

covers the tip of each lancet and 1s designed to be punctured by the lancet when the

tape 1s bent.

20.  The tape according to claim 19, wherein the test media layer includes

microperforations along an outline of each lancet.

21, The tape according to any one of claims 12 to 20, wherein the multiple layers
further include a base layer to which the lancet layer is mounted, the base layer

providing additional support and structural integrity to the tape.

22.  The tape according to any one of claims 12 to 21, wherein the device further
comprises an optical sensor, and wherein the test media layer is transparent to a

wavelength of light to the optical sensor to facilitate interrogation of the test media.
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23.  The device according to claim 1, wherein the test media is provided on the
tape near the lancet tip, and wherein the at least one test media includes a plurality of

test media and the at least one lancet includes a plurality of lancets.

24.  The device according to claim 23, wherein each lancet is contained on the
carrying tape between a pair of side members defining a longitudinal slot along a

length of the tape.

25.  The device according to claim 24, wherein the lancet tip is protected under a
sterile cover and the lancet 1s covered by a retaining material, the retaining material
being atfixed to the side members and covering the lancet save for portions exposed

by front and rear access openings in the retaining material.

26.  The device according to claim 25, further comprising an activator for engaging
the lancet and withdrawing the lancet from the sterile cover and for bringing the tip

into the front access opening of the retaining material.

27.  In a system for bodily fluid sampling comprising a housing having a lancet
opening, a method of contacting bodily fluid with a test media comprising:
advancing a carrying tape having a lancet and a test media fixed
thereon to position the lancet in an activating position;
engaging the lancet with an activator;
activating the lancet to obtain the bodily fluid sample;
positioning the test media adjacent the lancet opening to receive the
bodily fluid sample; and

contacting the bodily fluid sample to the test media.

28.  The method according to claim 27, further comprising disengaging the lancet
from the activator after activating the lancet to obtain the bodily fluid sample, and
further comprising advancing the carrying tape to advance the lancet to a storage

position simultaneously with positioning the test media adjacent the lancet opening.
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29.  The method according to claim 27 or 28, further comprising, after contacting
the bodily fluid to the test media:
reading the test media with an optical reader; and

displaying results of the optical reading.

30.  The method according to claims 27 or 28, wherein positioning the test media
adjacent the lancet opening includes displacing the test media toward the lancet

opening with an optical reader to facilitate a direct fluid transfer to the test media.

31.  The method according to any one of claims 27 to 30, wherein contacting the
bodily fluid sample to the test media includes transferring the bodily fluid to the test

media through a capillary groove formed in the lancet.
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