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Description
BACKGROUND OF THE INVENTION

A. TECHNICAL FIELD

[0001] Thetechnicalfield relates to using fluorescence
or fluorescence lifetime decay of oxygen sensors to
measure multiple parameters simultaneously such as
pH, blood gases, electrolytes, immunoassay and hema-
tology in a handheld miniaturized format using inexpen-
sive electronics for illumination, detection, lancet actua-
tion and data communication. Alternatively, electrochem-
ical tests suitable for point of care testing can be em-
ployed.

B. RELATED ART

[0002] POC (pointof care) testing is attractive because
it rapidly delivers results to the medical practitioner and
enables faster consultation with the patient enabling the
practitioner to commence treatment sooner, perhaps
leading towards improved patient outcomes. Relevant
art includes the use of screening and monitoring diag-
nostics for early intervention, such as cardiac markers
for early detection of angina, coronary artery occlusion
and ruling out chest pain (triage). Examples of POC tests
include blood chemistry such as glucose, lactate, elec-
trolytes, as well as hematology, immuno-diagnostics,
drugs of abuse, serum cholesterol, fecal occult blood test
("FOBT"), pregnancy, and ovulation. Examples of elec-
trochemical Point of Care devices, which are hand, held
are given by the i-STAT where electrochemical tests are
carried out on a few drops of blood. Based on Microfab-
ricated thin film electrodes, common tests include creat-
inine, or glucose on single cartridges, or combined tests
such as sodium, potassium, hematocrit and hemoglobin
on a single cartridge. Tests are combined on cartridges
depending on the application e.g. blood gas panel etc.
One disadvantage to this deployment of tests on panel
specific cartridges is that in some cases several cartridg-
es may be used to obtain complete POC information from
the patient.

[0003] Current POC devices such as the i-STAT do
not provide an integrated solution for patient self-testing
for sample acquisition, testing, analysis and connectivity
to remote centralized healthcare. Accordingly itis the ob-
jectof this invention to provide a portable, highly integrat-
ed, multi-parameter measurement instrument where
sampling is integrated with measurement processes
from 1 pL of blood or less. Integration will allow the broad
deployment of tests for a single sample acquisition step.
This fully integrated blood sampling and measurement
technology platform has been established for glucose
spot monitoring, (WO 02/1000254 Lancet launching de-
vice integrated on to a blood sampling cartridge) in a
multi-test format (100+ tests) employing an electronic
blood-sampling device (WO 02/100460 Electric lancet
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actuator, WO 02/100251 Self optimizing lancing device)
embedded within a glucose measurement instrument
and a data management system (WO 02/101359 Inte-
grated blood sampling and analysis system with multi
use sampling module). Optical measurement of analytes
provides the potential to monitor important clinical ana-
lytes for Point of Care applications. Fluorescent ampli-
tude or lifetime decay optical measurements of glucose
can be made with low-cost, low-power consumption com-
ponents that are compatible with handheld instrumenta-
tion. These components include LED’s, plastic optical
elements, and CMOS or photodiode light detectors. The
opportunity exists to carry out multiple measurements on
the same sample to obtain more precise results or to
analyze for components other than glucose (US.
6,379,969 Optical sensor for sensing multiple analytes)
[0004] These POC still use a body fluid sample. Ob-
taining such a sample using conventional lancing device
can be painful. Early methods of lancing included piercing
or slicing the skin with a needle or razor. Current methods
utilize lancing devices that contain a multitude of spring,
cam and mass actuators to drive the lancet. These in-
clude cantilever springs, diaphragms, coil springs, as well
as gravity plumbs used to drive the lancet. The device
may be held against the skin and mechanically triggered
to ballistically launch the lancet. Unfortunately, the pain
associated with each lancing event using known tech-
nology discourages patients from testing. In addition to
vibratory stimulation of the skin as the driver impacts the
end of alauncher stop, known spring based devices have
the possibility of firing lancets that harmonically oscillate
against the patient tissue, causing multiple strikes due
to recoil. This recoil and multiple strikes of the lancet is
one major impediment to patient compliance with a struc-
tured glucose monitoring regime.

[0005] Another impediment to uncomfortable patient
experience of giving a blood sample is the lack of spon-
taneous blood flow generated by known lancing technol-
ogy. In addition to the pain as discussed above, a patient
may need more than one lancing event to obtain a blood
sample since spontaneous blood generation is unreliable
using known lancing technology. Thus the pain is multi-
plied by the number of attempts required by a patient to
successfully generate spontaneous blood flow. Different
skin thickness may yield different results in terms of pain
perception, blood yield and success rate of obtaining
blood between different users of the lancing device.
Known devices poorly account for these skin thickness
variations.

[0006] Measurement of glucose concentration is com-
monly based on the use of an enzyme such as glucose
oxidase or glucose dehydrogenase. In such sensing
schemes, glucose (substrate) is turned over by an en-
zyme layer resulting in change in the concentration of
another species such as oxygen or hydrogen ion. The
change in concentration of these species can be con-
verted into some charge based or optical change at a
transducer interface (sensing region). Alternatively, if the
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enzyme is electrically coupled to an inert electrode, such
a reaction results in a change in electron flow at constant
applied potential. Both types of transduction mecha-
nisms are widely used in glucose sensing. In the former
type of transduction scheme, the reaction zone can be
decoupled from the sensing region. Thus, the reaction
of the enzyme with the substrate can be brought about
in one region and the concentration measurement can
be done in another region. In the latter scheme, the en-
zymatic reaction has to occur in close proximity to the
sensing region (electrode surface) for electrical coupling.
Some devices may also include analyte detecting mem-
ber for analyzing sample fluid. Unfortunately, the storage
ability of these devices are limited due to the need for
some of these elements to be stored in inert environ-
ments.

[0007] The current sensing technologies do not at-
tempt the separate the reaction zone from the sensing
region. One disadvantage of this approach is that the
enzyme layer has to be placed in close proximity to the
sensing element. This results in considerable difficulty in
manufacturing and/or stabilizing the chemistries associ-
ated with enzymatic reaction and the transduction
scheme. For example in the optical transduction
schemes, an oxygen sensing layer such as a silicone
rubber film doped with a flurophore, such as Ru Tris
Diphenyl Phenanthroline, is coupled to the enzymatic lay-
er containing glucose oxidase. The chemicals used in
making these layers interfere with proper functioning of
each other. There is often considerable reduction in the
enzyme activity. The resultant sensors have limited dy-
namic range or limited shelf life or both.

[0008] WO 03/088834 A1, which comprises the state
of the art in accordance with Article 54(3) EPC, discloses
a device for use with a penetrating member driver to pen-
etrate tissue. The device includes a single cartridge cou-
pledto a plurality of penetrating members and operatively
couplable to the penetrating member driver. The pene-
trating members are movable to extend radially outward
from the cartridge to penetrate tissue. A plurality of optical
analyte detecting members are coupled to the single car-
tridge and positioned to receive body fluid from a wound
in the tissue created by the penetrating member.
[0009] WO 02/049507 A1 discloses a glucose sensor
in the form of a skin patch and has a microneedle which
penetrates the skin to draw out interstitial fluid. The in-
terstitial fluid passes to a common entrance port. A series
of microchannels is provided on the skin patch. The fluid
drawn onto the patch is selectively switched between a
number of microchannels by means of electro-osmotic
pumps and hydrophobic gates. Each microchannel has
an electrochemical detector for sensing glucose concen-
tration. Also disclosed is a monolithic device with an in-
tegrated lance.

[0010] US 2003-073931 A1 discloses an analytical de-
vice which is suitable for collecting and examining body
fluids and in particular blood. The analytical device con-
tains a test element and a lancet whereby the test ele-
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ment contains a frame element and at least one detection
element which can also be multilayered and can contain
among others an erythrocyte separation layer, a spread-
ing layer and an optical barrier layer which is directly or
indirectly connected to the frame element. The lancet
contains a needle with a tip and a lancet body which at
least partially surrounds the needle. The lancet body is
movably connected to the frame element of the test ele-
ment, i.e. it can be folded or swung out such that the
lancet can adopt a storage position and a lancing posi-
tion, the needle being aligned in the storage position es-
sentially parallel to the plane of the test element and
aligned in the lancing position essentially orthogonal to
the plane of the test element.

SUMMARY OF THE INVENTION

[0011] Aspects of the present invention are set out in
the appended claims.

[0012] Thusembodiments of the presentinvention pro-
vide solutions for at least some of the drawbacks dis-
cussed above. Specifically, some embodiments of the
present invention provide an improved body fluid sam-
pling device. The device may be used to perform a plu-
rality of analyte tests on a single sample. At least some
of these and other objectives described herein will be
met by embodiments of the present invention.

[0013] In one embodiment, the present invention pro-
vides a multiple analyte detecting member and multiple
lancet solution to measure analyte levels in the body.
The invention may use a high-density analyte detecting
member design of electrochemical or optical origin using
multiple analyte detecting members to measure an ana-
lyte in a body fluid. It may use lancets of smaller size than
known lancets. The device may be used for multiple lanc-
ing events without having to remove a disposable from
the device.

[0014] Thusembodiments of the presentinvention pro-
vide solutions for at least some of the drawbacks dis-
cussed above. Specifically, some embodiments of the
present invention provide an improved fluid sampling de-
vice. To improve shelf stable storage, devices and meth-
ods for decoupling enzyme layer from the sensing region
may be provided. What is desired is a device and method
that decouples the enzymatic reaction zone from the
sensing region while providing appropriate contacting of
the two with the sample to be analyzed. At least some of
these and other objectives described herein will be met
by embodiments of the present invention.

[0015] Inone embodimentof the presentinvention, the
invention relates to using the electronic tissue penetra-
tion device to drive a penetrating member into tissue,
causing two separated storage areas to be opened dur-
ing actuation.

[0016] Inoneexample,amethod ofbody fluid sampling
is provided. The method comprises moving a penetrating
member at conforming to a selectable velocity profile or
motion waveform; piercing a storage area having a sens-
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ing area; piercing another storage area having an en-
zyme area separate from the sensing area prior to pierc-
ing; and causing fluid to first flow to the enzyme area and
then to the sensing area. The method may further com-
prise storing said enzyme area in an inert environment
different from an environment for the sensing area.
[0017] The system may further comprise means for
coupling the force generator with one of the penetrating
members.

[0018] The system may further comprise a penetrating
member sensor positioned to monitor a penetrating
member coupled to the force generator, the penetrating
member sensor configured to provide information rela-
tive to a depth of penetration of a penetrating member
through a skin surface.

[0019] The depth of penetration may be about 100 to
2500 microns.

[0020] The depth of penetration may be about 500 to
750 microns.

[0021] The depth of penetration may be, in this non-
limiting example, no more than about 1000 microns be-
yond a stratum corneum thickness of a skin surface.
[0022] The depth of penetration may be no more than
about 500 microns beyond a stratum corneum thickness
of a skin surface.

[0023] The depth of penetration may be no more than
about 300 microns beyond a stratum corneum thickness
of a skin surface.

[0024] The depth of penetration may be less than a
sum of a stratum corneum thickness of a skin surface
and 400 microns.

[0025] The penetrating member sensor may be further
configured to control velocity of a penetrating member.
[0026] The active penetrating member may move
along a substantially linear path into the tissue.

[0027] The active penetrating member may move
along an at least partially curved path into the tissue.
[0028] The driver may be a voice coil drive force gen-
erator.

[0029] The driver may be a rotary voice coil drive force
generator.

[0030] The penetrating member sensor may be cou-
pled to a processor with control instructions for the pen-
etrating member driver.

[0031] The processor may include a memory for stor-
age and retrieval of a set of penetrating member profiles
utilized with the penetrating member driver.

[0032] The processor may be utilized to monitor posi-
tion and speed of a penetrating member as the penetrat-
ing member moves in a first direction.

[0033] The processor may be utilized to adjust an ap-
plication of force to a penetrating member to achieve a
desired speed of the penetrating member.

[0034] The processor may be utilized to adjust an ap-
plication of force to a penetrating member when the pen-
etrating member contacts a target tissue so that the pen-
etrating member penetrates the target tissue within a de-
sired range of speed.
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[0035] The processor may be utilized to monitor posi-
tion and speed of a penetrating member as the penetrat-
ing member moves in the first direction toward a target
tissue, wherein the application of a launching force to the
penetrating member is controlled based on position and
speed of the penetrating member.

[0036] The processor may be utilized to control a with-
draw force to the penetrating member so that the pene-
trating member moves in a second direction away from
the target tissue.

[0037] In the first direction, the penetrating member
may move toward the target tissue at a speed that is
different than a speed at which the penetrating member
moves away from the target tissue.

[0038] In the first direction the penetrating member
may move toward the target tissue at a speed that is
greater than a speed at which the penetrating member
moves away from the target tissue.

[0039] The speed of a penetrating member in the first
direction may be the range of about 2.0 to 10.0 m/sec.
[0040] The average velocity of the penetrating member
during a tissue penetration stroke in the first direction
may be about 100 to about 1000 times greater than the
average velocity of the penetrating member during a with-
drawal stroke in a second direction.

[0041] A further understanding of the nature and ad-
vantages of the invention will become apparent by refer-
ence to the remaining portions of the specification and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042]

Figure 1 illustrates an embodiment of a controllable
force driver in the form of a cylindrical electric pen-
etrating member driver using a coiled solenoid -type
configuration.

Figure 2A illustrates a displacement over time profile
of a penetrating member driven by a harmonic
spring/mass system.

Figure 2B illustrates the velocity over time profile of
a penetrating member driver by a harmonic
spring/mass system.

Figure 2Cillustrates a displacement over time profile
of an embodiment of a controllable force driver.
Figure 2D illustrates a velocity over time profile of an
embodiment of a controllable force driver.

Figure 3 is a diagrammatic view illustrating a con-
trolled feed-back loop.

Figure 4 is a perspective view of a tissue penetration
device having features of the invention.

Figure 5 is an elevation view in partial longitudinal
section of the tissue penetration device of Figure 4.
Figure 6 shows one embodiment of a radial disc for
use with the present invention.

Figures 7A and 7B show embodiments of the present
invention.
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Figure 8 shows one embodiment of the present in-
vention for performing multiple measurements.
Figure 9 shows one embodiment of a cartridge con-
figured to measure different analytes.

Figure 10 shows one embodiment of a cartridge hav-
ing analyte detecting members on the underside.
Figure 11 shows an example of a method for pre-
paring fluid for measurement.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

[0043] The present invention provides a solution for
body fluid sampling. Specifically, some embodiments of
the present invention provides a method for improving
spontaneous blood generation. Some embodiments of
the present invention provide an improved body fluid
sampling device. For some embodiments of these pen-
etrating member drivers, the invention relates to a new
contact point algorithm that is run immediately before the
actual lance event. At least some of these and other ob-
jectives described herein will be met by embodiments of
the present invention.

[0044] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restric-
tive of the invention, as claimed. It may be noted that, as
used in the specification and 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 material" may include mixtures
of materials, reference to "a chamber" may include mul-
tiple chambers, and the like. References cited herein are
hereby incorporated by reference in their entirety, except
to the extent that they conflict with teachings explicitly
set forth in this specification.

[0045] In this specification and in the claims which fol-
low, reference will be made to a number of terms which
shall be defined to have the following meanings:

"Optional" or "optionally" means that the subse-
quently described circumstance may or may not oc-
cur, so that the description includes instances where
the circumstance occurs and instances whereitdoes
not. For example, if a device optionally contains a
feature for analyzing a blood sample, this means that
the analysis feature may or may not be present, and,
thus, the description includes structures wherein a
device possesses the analysis feature and struc-
tures wherein the analysis feature is not present.

[0046] The present invention may be used with a va-
riety of different penetrating member drivers. It is con-
templated that these penetrating member drivers may be
spring based, solenoid based, magnetic driver based,
nanomuscle based, or based on any other mechanism
useful in moving a penetrating member along a path into
tissue. It should be noted that the present invention is
not limited by the type of driver used with the penetrating
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member feed mechanism. One suitable penetrating
member driver for use with the presentinvention is shown
in Figure 1. This is an embodiment of a solenoid type
electromagnetic driver that is capable of driving an iron
core or slug mounted to the penetrating member assem-
bly using a direct current (DC) power supply. The elec-
tromagnetic driver includes a driver coil pack that is di-
vided into three separate coils along the path of the pen-
etrating member, two end coils and a middle coil. Direct
current is alternated to the coils to advance and retract
the penetrating member. Although the driver coil pack is
shown with three coils, any suitable number of coils may
be used, for example, 4,5, 6, 7 or more coils may be used.
[0047] Referring to the embodiment of Figure 1, the
stationary iron housing 10 may contain the driver coil
pack with a first coil 12 flanked by iron spacers 14 which
concentrate the magnetic flux at the inner diameter cre-
ating magnetic poles. The inner insulating housing 16
isolates the penetrating member 18 and iron core 20 from
the coils and provides a smooth, low friction guide sur-
face. The penetrating member guide 22 further centers
the penetrating member 18 and iron core 20. The pene-
trating member 18 is protracted and retracted by alter-
nating the current between the first coil 12, the middle
coil, and the third coil to attract the iron core 20. Reversing
the coil sequence and attracting the core and penetrating
member back into the housing retracts the penetrating
member. The penetrating member guide 22 also serves
as a stop for the iron core 20 mounted to the penetrating
member 18.

[0048] Asdiscussed above,tissue penetration devices
which employ spring or cam driving methods have a sym-
metrical or nearly symmetrical actuation displacement
and velocity profiles on the advancement and retraction
of the penetrating member as shown in Figures 2 and 3.
In most of the available lancet devices, once the launch
is initiated, the stored energy determines the velocity pro-
file until the energy is dissipated. Controlling impact, re-
traction velocity, and dwell time of the penetrating mem-
ber within the tissue can be useful in order to achieve a
high success rate while accommodating variations in skin
properties and minimize pain. Advantages can be
achieved by taking into account of the fact that tissue
dwell time is related to the amount of skin deformation
as the penetrating member tries to puncture the surface
of the skin and variance in skin deformation from patient
to patient based on skin hydration.

[0049] Inthis embodiment, the ability to control velocity
and depth of penetration may be achieved by use of a
controllable force driver where feedback is an integral
partof driver control. Such drivers can control either metal
or polymeric penetrating members or any other type of
tissue penetration element. The dynamic control of such
a driver is illustrated in Figure. 2C which illustrates an
embodiment of a controlled displacement profile and Fig-
ure 2D which illustrates an embodiment of a the control-
led velocity profile. These are compared to Figures 2A
and 2B, which illustrate embodiments of displacement
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and velocity profiles, respectively, of a harmonic
spring/mass powered driver. Reduced pain can be
achieved by using impact velocities of greater than about
2 m/s entry of a tissue penetrating element, such as a
lancet, into tissue. Other suitable embodiments of the
penetrating member driver are described in commonly
assigned, copending U.S. Patent US 7,025,774.

[0050] Figure 3 illustrates the operation of a feedback
loop using a processor 60. The processor 60 stores pro-
files 62 in non-volatile memory. A user inputs information
64 about the desired circumstances or parameters for a
lancing event. The processor 60 selects a driver profile
62 from a set of alternative driver profiles that have been
preprogrammed in the processor 60 based on typical or
desired tissue penetration device performance deter-
mined through testing at the factory or as programmed
in by the operator. The processor 60 may customize by
either scaling or modifying the profile based on additional
user input information 64. Once the processor has cho-
sen and customized the profile, the processor 60 is ready
to modulate the power from the power supply 66 to the
penetrating member driver 68 through an amplifier 70.
The processor 60 may measure the location of the pen-
etrating member 72 using a position sensing mechanism
74 through an analog to digital converter 76 linear en-
coder or other such transducer. Examples of position
sensing mechanisms have been described in the em-
bodiments above and may be found in the specification
for commonly assigned, copending U.S. Patent US
7,025,774. The processor 60 calculates the movement
of the penetrating member by comparing the actual pro-
file of the penetrating member to the predetermined pro-
file. The processor 60 modulates the power to the pen-
etrating member driver 68 through a signal generator 78,
which may control the amplifier 70 so that the actual ve-
locity profile of the penetrating member does not exceed
the predetermined profile by more than a preset error
limit. The error limit is the accuracy in the control of the
penetrating member.

[0051] After the lancing event, the processor 60 can
allow the user to rank the results of the lancing event.
The processor 60 stores these results and constructs a
database 80 for the individual user. Using the database
79, the processor 60 calculates the profile traits such as
degree of painlessness, success rate, and blood volume
for various profiles 62 depending on user input informa-
tion 64 to optimize the profile to the individual user for
subsequent lancing cycles. These profile traits depend
on the characteristic phases of penetrating member ad-
vancement and retraction. The processor 60 uses these
calculations to optimize profiles 62 for each user. In ad-
ditionto userinputinformation 64, aninternal clock allows
storage in the database 79 of information such as the
time of day to generate a time stamp for the lancing event
and the time between lancing events to anticipate the
user’s diurnal needs. The database stores information
and statistics for each user and each profile that particular
user uses.
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[0052] In addition to varying the profiles, the processor
60 can be used to calculate the appropriate penetrating
member diameter and geometry suitable to realize the
blood volume required by the user. For example, if the
user requires about 1-5 microliter volume of blood, the
processor 60 may select a 200 micron diameter pene-
trating member to achieve these results. For each class
of lancet, both diameter and lancet tip geometry, is stored
in the processor 60 to correspond with upper and lower
limits of attainable blood volume based on the predeter-
mined displacement and velocity profiles.

[0053] The lancing device is capable of prompting the
user for information at the beginning and the end of the
lancing event to more adequately suit the user. The goal
is to either change to a different profile or modify an ex-
isting profile. Once the profile is set, the force driving the
penetrating member is varied during advancement and
retraction to follow the profile. The method of lancing us-
ing the lancing device comprises selecting a profile, lanc-
ing according to the selected profile, determining lancing
profile traits for each characteristic phase of the lancing
cycle, and optimizing profile traits for subsequentlancing
events.

[0054] Figure 4 illustrates an embodiment of a tissue
penetration device, more specifically, a lancing device
80 that includes a controllable driver 179 coupled to a
tissue penetration element. The lancing device 80 has a
proximal end 81 and a distal end 82. At the distal end 82
is the tissue penetration element in the form of a pene-
trating member 83, which is coupled to an elongate cou-
pler shaft 84 by a drive coupler 85. The elongate coupler
shaft 84 has a proximal end 86 and a distal end 87. A
driver coil pack 88 is disposed about the elongate coupler
shaft 84 proximal of the penetrating member 83. A posi-
tion sensor 91 is disposed about a proximal portion 92
of the elongate coupler shaft 84 and an electrical con-
ductor 94 electrically couples a processor 93 to the po-
sition sensor 91. The elongate coupler shaft 84 driven
by the driver coil pack 88 controlled by the position sensor
91 and processor 93 form the controllable driver, specif-
ically, a controllable electromagnetic driver.

[0055] Referring to Figure 5, the lancing device 80 can
be seen in more detall, in partial longitudinal section. The
penetrating member 83 has a proximal end 95 and a
distal end 96 with a sharpened point at the distal end 96
of the penetrating member 83 and a drive head 98 dis-
posed at the proximal end 95 of the penetrating member
83. A penetrating member shaft 201 is disposed between
the drive head 98 and the sharpened point 97. The pen-
etrating member shaft 201 may be comprised of stainless
steel, or any other suitable material or alloy and have a
transverse dimension of about 0.1 to about 0.4 mm. The
penetrating member shaft may have a length of about 3
mm to about 50 mm, specifically, about 15 mm to about
20 mm. The drive head 98 of the penetrating member 83
is an enlarged portion having a transverse dimension
greater than a transverse dimension of the penetrating
member shaft 201 distal of the drive head 98. This con-
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figuration allows the drive head 98 to be mechanically
captured by the drive coupler 85. The drive head 98 may
have a transverse dimension of about 0.5 to about 2 mm.
[0056] A magnetic member 102 is secured to the elon-
gate coupler shaft 84 proximal of the drive coupler 85 on
a distal portion 203 of the elongate coupler shaft 84. The
magnetic member 102 is a substantially cylindrical piece
of magnetic material having an axial lumen 204 extending
the length of the magnetic member 102. The magnetic
member 102 has an outer transverse dimension that al-
lows the magnetic member 102 to slide easily within an
axial lumen 105 of a low friction, possibly lubricious, pol-
ymer guide tube 105’ disposed within the driver coil pack
88. The magnetic member 102 may have an outer trans-
verse dimension of about 1.0 to about 5.0 mm, specifi-
cally, about 2.3 to about 2.5 mm. The magnetic member
102 may have a length of about 3.0 to about 5.0 mm,
specifically, about 4.7 to about 4.9 mm. The magnetic
member 102 can be made from a variety of magnetic
materials including ferrous metals such as ferrous steel,
iron, ferrite, or the like. The magnetic member 102 may
be secured to the distal portion 203 of the elongate cou-
pler shaft 84 by a variety of methods including adhesive
or epoxy bonding, welding, crimping or any other suitable
method.

[0057] Proximal of the magnetic member 102, an op-
tical encoder flag 206 is secured to the elongate coupler
shaft 84. The optical encoder flag 206 is configured to
move within a slot 107 in the position sensor 91. The slot
107 of the position sensor 91 is formed between a first
body portion 108 and a second body portion 109 of the
position sensor 91. The slot 107 may have separation
width of about 1.5 to about 2.0 mm. The optical encoder
flag 206 can have a length of about 14 to about 18 mm,
a width of about 3 to about 5 mm and a thickness of about
0.04 to about 0.06 mm.

[0058] The optical encoder flag 206 interacts with var-
ious optical beams generated by LEDs disposed on or
in the position sensor body portions 108 and 109 in a
predetermined manner. The interaction of the optical
beams generated by the LEDs of the position sensor 91
generates a signal that indicates the longitudinal position
of the optical flag 206 relative to the position sensor 91
with a substantially high degree of resolution. The reso-
lution of the position sensor 91 may be about 200 to about
400 cycles per inch, specifically, about 350 to about 370
cycles perinch. The position sensor 91 may have aspeed
response time (position/time resolution) of 0 to about
120,000 Hz, where one dark and light stripe of the flag
constitutes one Hertz, or cycle per second. The position
of the optical encoder flag 206 relative to the magnetic
member 102, driver coil pack 88 and position sensor 91
is such that the optical encoder 91 can provide precise
positional information about the penetrating member 83
over the entire length of the penetrating member’s power
stroke.

[0059] An optical encoder that is suitable for the posi-
tion sensor 91 is a linear optical incremental encoder,
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model HEDS 9200, manufactured by Agilent Technolo-
gies. The model HEDS 9200 may have a length of about
20 to about 30 mm, a width of about 8 to about 12 mm,
and a height of about 9 to about 11 mm. Although the
position sensor 91 illustrated is a linear optical incremen-
tal encoder, other suitable position sensor embodiments
could be used, provided they posses the requisite posi-
tional resolution and time response. The HEDS 9200 is
atwo channel device where the channels are 90 degrees
out of phase with each other. This results in a resolution
of four times the basic cycle of the flag. These quadrature
outputs make it possible for the processor to determine
the direction of penetrating member travel. Other suitable
position sensors include capacitive encoders, analog re-
flective sensors, such as the reflective position sensor
discussed above, and the like.

[0060] A coupler shaft guide 111 is disposed towards
the proximal end 81 of the lancing device 80. The guide
111 has a guide lumen 112 disposed in the guide 111 to
slidingly accept the proximal portion 92 of the elongate
coupler shaft 84. The guide 111 keeps the elongate cou-
pler shaft 84 centered horizontally and vertically in the
slot 102 of the optical encoder 91.

[0061] Referring now to Figure 6, a still further embod-
iment of a cartridge according to the present invention
will be described. Figure 6 shows one embodiment of a
cartridge 300 which may be removably inserted into an
apparatus for driving penetrating members to pierce skin
or tissue. The cartridge 300 has a plurality of penetrating
members 302 that may be individually or otherwise se-
lectively actuated so that the penetrating members 302
may extend outward from the cartridge, as indicated by
arrow 304, to penetrate tissue. In the present embodi-
ment, the cartridge 300 may be based on a flat disc with
a number of penetrating members such as, butin no way
limited to, (25, 50, 75, 100, ...) arranged radially on the
disc or cartridge 300. It should be understood that al-
though the cartridge 300 is shown as a disc or a disc-
shaped housing, other shapes or configurations of the
cartridge may also work of placing a plurality of penetrat-
ing members to be engaged, singly or in some combina-
tion, by a penetrating member driver.

[0062] Each penetrating member 302 may be con-
tained in a cavity 306 in the cartridge 300 with the pen-
etrating member’s sharpened end facing radially outward
and may be in the same plane as that of the cartridge.
The cavity 306 may be molded, pressed, forged, or oth-
erwise formed in the cartridge. Although not limited in
this manner, the ends of the cavities 306 may be divided
into individual fingers (such as one for each cavity) on
the outer periphery of the disc. The particular shape of
each cavity 306 may be designed to suit the size or shape
of the penetrating member therein or the amount of space
desired for placement of the analyte detecting members
308. For example and not limitation, the | cavity 306 may
have a V-shaped cross-section, a U-shaped cross-sec-
tion, C-shaped cross-section, a multi-level cross section
or the other cross-sections. The opening 310 through
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which a penetrating member 302 may exit to penetrate
tissue may also have a variety of shapes, such as but
not limited to, a circular opening, a square or rectangular
opening, a U-shaped opening, a narrow opening thatonly
allows the penetrating member to pass, an opening with
more clearance on the sides, a slit, a configuration as
shown in Figure 75, or the other shapes.

[0063] In this embodiment, after actuation, the pene-
trating member 302 is returned into the cartridge and may
be held within the cartridge 300 in a manner so that it is
not able to be used again. By way of example and not
limitation, a used penetrating member may be returned
into the cartridge and held by the launcher in position
until the nextlancing event. Atthe time of the nextlancing,
the launcher may disengage the used penetrating mem-
ber with the cartridge 300 turned or indexed to the next
clean penetrating member such that the cavity holding
the used penetrating member is position so that it is not
accessible to the user (i.e. turn away from a penetrating
member exit opening). In some embodiments, the tip of
a used penetrating member may be driven into a protec-
tive stop that hold the penetrating member in place after
use. The cartridge 300 is replaceable with a new cartridge
300 once all the penetrating members have been used
or at such other time or condition as deemed desirable
by the user.

[0064] Referring still to the embodiment in Figure 6,
the cartridge 300 may provide sterile environments for
penetrating members via seals, foils, covers, polymeric,
or similar materials used to seal the cavities and provide
enclosed areas for the penetrating members to rest in.
In the present embodiment, a foil or seal layer 320 is
applied to one surface ofthe cartridge 300. The seal layer
320 may be made of a variety of materials such as a
metallic foil or other seal materials and may be of a tensile
strength and other quality that may provide a sealed, ster-
ile environment until the seal layer 320 is penetrate by a
suitable or penetrating device providing a preselected or
selected amount of force to open the sealed, sterile en-
vironment. Each cavity 306 may be individually sealed
with a layer 320 in a manner such that the opening of
one cavity does not interfere with the sterility in an adja-
cent or other cavity in the cartridge 300. As seen in the
embodiment of Figure 6, the seal layer 320 may be a
planar material that is adhered to a top surface of the
cartridge 300.

[0065] Depending on the orientation of the cartridge
300in the penetrating member driver apparatus, the seal
layer 320 may be on the top surface, side surface, bottom
surface, or other positioned surface. For ease of illustra-
tion and discussion of the embodiment of Figure 6, the
layer 320 is placed on a top surface of the cartridge 300.
The cavities 306 holding the penetrating members 302
are sealed on by the foil layer 320 and thus create the
sterile environments for the penetrating members. The
foil layer 320 may seal a plurality of cavities 306 or only
a select number of cavities as desired.

[0066] In astill further feature of Figure 6, the cartridge
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300 may optionally include a plurality of analyte detecting
members 308 on a substrate 322 which may be attached
to a bottom surface of the cartridge 300. The substrate
may be made of a material such as, but not limited to, a
polymer, a foil, or other material suitable for attaching to
a cartridge and holding the analyte detecting members
308. As seen in Figure 6, the substrate 322 may hold a
plurality of analyte detecting members, such as but not
limited to, about 10-50, 50-100, or other combinations of
analyte detecting members. This facilitates the assembly
and integration of analyte detecting members 308 with
cartridge 300. These analyte detecting members 308
may enable an integrated body fluid sampling system
where the penetrating members 302 create a wound tract
in a target tissue, which expresses body fluid that flows
into the cartridge for analyte detection by at least one of
the analyte detecting members 308. The substrate 322
may contain any number of analyte detecting members
308 suitable for detecting analytes in cartridge having a
plurality of cavities 306. In one embodiment, many ana-
lyte detecting members 308 may be printed onto a single
substrate 322 which is then adhered to the cartridge to
facilitate manufacturing and simplify assembly. The an-
alyte detecting members 308 may be electrochemical in
nature. The analyte detecting members 308 may further
contain enzymes, dyes, or other detectors which react
when exposed to the desired analyte. Additionally, the
analyte detecting members 308 may comprise of clear
optical windows that allow light to pass into the body fluid
for analyte analysis. The number, location, and type of
analyte detecting member 308 may be varied as desired,
based in part on the design of the cartridge, number of
analytes to be measured, the need for analyte detecting
member calibration, and the sensitivity of the analyte de-
tecting members. If the cartridge 300 uses an analyte
detecting member arrangement where the analyte de-
tecting members are on a substrate attached to the bot-
tom of the cartridge, there may be through holes (as
shown in Figure 76), wicking elements, capillary tube or
other devices on the cartridge 300 to allow body fluid to
flow from the cartridge to the analyte detecting members
308 for analysis. In other configurations, the analyte de-
tecting members 308 may be printed, formed, or other-
wise located directly in the cavities housing the penetrat-
ing members 302 or areas on the cartridge surface that
receive blood after lancing.

[0067] The use of the seal layer 320 and substrate or
analyte detecting member layer 322 may facilitate the
manufacture of these cartridges 10. For example, a sin-
gle seal layer 320 may be adhered, attached, or other-
wise coupled to the cartridge 300 as indicated by arrows
324 to seal many of the cavities 306 at one time. A sheet
322 of analyte detecting members may also be adhered,
attached, or otherwise coupled to the cartridge 300 as
indicated by arrows 325 to provide many analyte detect-
ing members on the cartridge at one time. During man-
ufacturing of one embodiment of the present invention,
the cartridge 300 may be loaded with penetrating mem-
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bers 302, sealed with layer 320 and a temporary layer
(not shown) on the bottom where substrate 322 would
later go, to provide a sealed environment for the pene-
trating members. This assembly with the temporary bot-
tom layer is then taken to be sterilized. After sterilization,
the assembly is taken to a clean room (or it may already
be in a clear room or equivalent environment) where the
temporary bottom layer is removed and the substrate 322
with analyte detecting members is coupled to the car-
tridge as shown in Figure 6. This process allows for the
sterile assembly of the cartridge with the penetrating
members 302 using processes and/or temperatures that
may degrade the accuracy or functionality of the analyte
detecting members on substrate 322. As a nonlimiting
example, the entire cartridge 300 may then be placed in
a further sealed container such as a pouch, bag, plastic
molded container, etc...to facilitate contact, improve rug-
gedness, and/or allow for easier handling.

[0068] Insomeembodiments, morethan one seallayer
320 may be used to seal the cavities 306. As examples
of some embodiments, multiple layers may be placed
over each cavity 306, half or some selected portion of
the cavities may be sealed with one layer with the other
half or selected portion of the cavities sealed with another
sheet orlayer, different shaped cavities may use different
seal layer, or the like. The seal layer 320 may have dif-
ferent physical properties, such as those covering the
penetrating members 302 near the end of the cartridge
may have a different color such as red to indicate to the
user (if visually inspectable) that the user is down to say
10, 5, or other number of penetrating members before
the cartridge should be changed out.

[0069] Chemical sensor formulations have been de-
veloped that are capable of conducting numerous differ-
entchemical analyses on small samples, so thatthe max-
imum number of medical tests can be made using the
minimum amount of sample. Volume of less than 100 nL
are possible. These blood chemistry tests include small
molecules such as glucose and lactate, blood gasses
(including pO,, pCO,), blood pH, ions (Na*, Ca**, K*),
and hematology, hematocrit and coagulation and hemo-
globin factors, as well as immuno-diagnostics, and DNA
testing. Parallel testing can be performed on the sensing
cartridge using fluorescence-based detection using ox-
ygen sensors so that a wide variety of tests can be per-
formed using optical sensors for several species that can
be interrogated with one illumination source and read
with one detector (Wolfbeis O. Sensors and Actuators B
51 (1998) 17-24). Analysis of multiple analytes from a
fluid of unknown composition has been described (US
6,379,969 Mauze et al). Analysis of a plurality of metab-
olites in a hand held diagnostic device using a single
cartridge using about 1-3 pL of blood has also been de-
scribed (US2003/0073931 Universal Diagnostic plat-
form, US2003/0073089 Companion cartridge for dispos-
able diagnostic testing). There is a need for a plurality of
POC tests on a single cartridge such that sequential tests
may be performed in an integrated fashion without
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changing the test cartridge.

[0070] In one embodiment of the present invention,
each cartridge may contain a penetrating member/ana-
lyte detecting member combination on a radial disc for-
mat, interrogated and read by a single illumination/de-
tection device. Alternatively a series of tests can be
measured electrochemically and reported. In one em-
bodiment, only those tests, which are desired at the time
the sample is taken need to be reported, though all tests
are carried out. This avoids having to change cartridges
for a specific combination or panel since bundled tests
with menu option. Of course, in some alternative embod-
iments, several cartridges, each with specific analyte
testing capabilities, may be used for given disease state
as desired. Test combinations may include a plurality of
tests for a single penetrating member/analyte detecting
member combination repeated up to 100 times. In one
embodiment, the nominal test panel would include blood
gasses, electrolytes, metabolites, immunoassay and co-
agulation as a first choice. Cell counting and hematology
are complex and may require almost 75% more space
in the analyte detecting member area to complete. This
may be accomplished by using the underside of the disk
and a second layer if more surface area is required, as
seen in Figure 10. In one embodiment, the cartridge may
contain microfluidic channels to fluidly connect fluid re-
ceiving sites on the top of the cartridge to those on the
bottom.

[0071] In one embodiment, the invention is comprised
of an electronic lancet driver to penetrate tissue, a single
disposable cartridge 400 containing penetrating mem-
ber/analyte detecting member pairs 402 arranged on a
radial disk of about 6 cm in diameter. Penetrating mem-
bers are coupled to the electronic actuator, which can
actuate the penetrating members radially outward from
the cartridge to penetrate tissue. As seen in Figure 7,
optical or electrochemical analyte detecting members
410 may be coupled to the cartridge, and positioned on
the cartridge to receive blood from the wound created by
the penetrating member. In some embodiments, the por-
tion 412 may be an annular ring attached to the cartridge
410, instead of being integrally formed. In one embodi-
ment, capillary forces draw the blood or other fluid sam-
ple, which flows from the wound to the surface of the
skin, through an opening and then to the analyte detect-
ing member chamber situated, on the support disc (Fig-
ure 8 and 9). In this embodiment, once blood fills the
analyte detecting member, analytical testing can be per-
formed on the sample. Results may be read optically via
transparent windows aligned with optical analyte detect-
ing members, or electrochemically from electrodes in
contact with the biosensor chemistry.

[0072] In one embodiment as seen in Figure 8, chem-
ical tests are started simultaneously by having the blood
fill a prefill chamber 450. It is microfluidically designed
so that when enough sample has arrived to fill all the
analyte detecting members, the chamber 450 is primed
to empty and fill the analyte detecting member chemistry
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zones 454 instantaneously. It should be understood that
the zone 454 associated with each penetrating member
may vary. Some embodiments may have 2, 3, 4,5, 6,7,
8, 9, 10, or more zones, depending on the types of tests
being run and the fluid requirements for each zone. In
some embodiments, more than one zone may be meas-
uring the same analyte or they may all be measuring for
the same analyte. Some of the zones may be on the top
of the cartridge while the remaining are on the underside
of the cartridge.

[0073] In some embodiments, a blister 460 may be in-
cluded. The blister 460 may be manufactured under pres-
sure. When the blister 460 is broken (either by the index-
ing mechanism or another method) the pressure is re-
leased and calibration and or washing fluid can be re-
leased throughout the test area or zones 454 prior to the
arrival of blood or other fluid sample to the test region
454 so that equilibration can take place if required. A vent
may also be included to prevent overfill of the cartridge
if too much sample is delivered. Additionally afill indicator
may be present to indicate adequate sample fill of the
sample chamber. In some embodiments; the vent and/or
fill indicator may be coupled to the sample chamber or
to the chemistry zones.

[0074] Figure 9 shows a still further embodiment of the
present invention where different zones are on each car-
tridge 400. The cartridge may be divided by different test
chemistry regions. In some embodiments, the cartridge
400 may have the same tests associated with each pen-
etrating member. In other embodiments, the cartridge
400 may be divided into 2, 3, 4, 5,6, 7, 8,9, 10, or more
zones, depending on which tests should be run. Some
tests may vary based on the time of day that the testing
occurs. The cartridge may be rotated as desired to bring
the desired test into position for use with fluid sampling.
[0075] It should be understood that embodiments of
the present invention may provide at least some of the
following advantages. All of the advantages miniaturized,
disposable, biohazard etc, as described in commonly as-
signed copending U.S. Patent US 7,025,774, US
7,713,214, and US 7,297,151. The device may have
handheld, two way communication, data management
(as per US 2003/0073931 A1 Universal diagnostic plat-
form). The device may have integrated sampling/POC
testing device for one step sample to read. The device
may have blood volume requirement less than 1 microL.
The device may have many tests on single analyte de-
tecting member/penetrating member combination. Each
segment may have the same test or the cartridge can be
divided into regions with a plurality of specific tests. All
tests run, subset reported, cost of test only for tests re-
quired. Analyte detecting members may be electrochem-
ical or optical (or any combination of both or other analyte
detecting member types). The device may include com-
panion cartridge for more complex less common tests,
only used if required. In some embodiments as shown in
Figure 10, the underside of a cartridge as described in
US 7,297,151 may be used for tests requiring larger sur-
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face area e.g. washing steps in hematology or cell count-
ing. All tests may start simultaneously by means of an
upstream fixed volume chamber which empties instan-
taneously when full. The device may have vents, seals,
fill detectors as described in US 7,041,068. Cartridge
vent system opens by piercing mechanism to allow on
board calibration fluids to start flowing into relevant fluidic
structures. The device may optically interrogate from bot-
tom as in F1 optical disclosure. Array detection may be
used as in US 7,713,214

[0076] In another aspect of the present invention, an
improved analyte measurement storage device will be
described. The current invention teaches devices for iso-
lating the enzymatic region from the sensing region in
such away that they can be fabricated and stored without
interacting with each other during their pre-use phase.
However the regions can be properly coupled during their
use for proper functioning.

[0077] Referring now to Figure 11, a penetrating mem-
ber 500 such as one driven by device as taught herein
(though not limited in that manner) may be used to punc-
ture a structure 502 containing an enzyme area 504 and
a sensing area 506. Septums or seals 508, 510, 512 and
may be used to keep these two areas separated prior to
use. As a nonlimiting example, the area 504 may be
stored in an inert gas (non oxygen) environment, while
the area 506 is stored in a different environment. The
flow of fluid 520 into the region may be due to gravity,
capillary force, vacuum, or other technique. The flow al-
lows the fluid to first gather material from the enzyme
area 504 which may prepare the fluid for sensing the area
506. These sensing techniques may be used with optical
analyte detecting member as known to those skilled in
the art.

[0078] In one embodiment of this invention, the en-
zyme layer is deposited on the surface of a capillary re-
gion through which the sample to be analyzed flows to
the sensing region where the transduction takes place.
The coating can be placed on the wall of the capillary
itself, or on the surface of any component of the device
such as a penetrating member that comes in contact with
the sample as it flows toward the sensing region. As the
sample moves through this region it either dissolves the
enzyme layer or extracts the enzyme into the sample.
The rate of this enzyme uptake by the sample can be
adjusted such that by the time sample reaches the sens-
ing region the enzyme has adequately interacted with
the analyte to present appropriate sample for detection
by the analyte detecting member. This can be achieved
by adjusting one or more of the following factors: 1) the
length of the coated region along the sample flow path,
2) thickness of the coating, 3) chemical composition of
the coating, 4) porosity of the coating, 5) speed of the
flow of the sample. These methods and means of achiev-
ing the appropriate enzyme uptake may be dependent
upon the particular chemistry of enzyme and other rea-
gents and would be readily determined by those familiar
with the art of enzyme chemistry. These alternatives are
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included in this invention by reference.

[0079] In another embodiment of this invention, the
sensing regions can be located along the flow path of the
sample. In such a configuration, the enzyme layer is still
coated on the walls along the flow path; the sample picks
up different amount of the enzyme as it passes over each
of the sensing regions. Thus the sensing region closest
to the sample entry port has the least amount of enzyme
and the one furthest along the flow path has the most
amount of the enzyme. Such as scheme can be advan-
tageously used where the amount of enzyme required
for getting optimal analyte detecting member signal de-
pends upon the (unknown) amount of the analyte in the
sample. Since the analyte content is not known a priori,
series of signals obtained from the sensing regions as a
function of the amount of enzyme taken up by the sample
can be evaluated and the optimal signal can be used for
determining the analyte concentration.

[0080] Although these embodiments refer to the en-
zyme as an example of the chemical that is taken up by
the sample for analysis, any other chemical species that
is required to be dissolved in on contacted with the sam-
ple before analysis could be thus disposed using the
teachings of this invention.

[0081] The current invention results in several advan-
tages in the devices for analyte sensing. Isolation of the
enzyme from the sensing regions allows one to use dif-
ferent or incompatibles chemistries such as solvents for
manufacturing and depositing the sensing layer and the
enzyme layer.

[0082] An example is a glucose analyte detecting
member based on sensing of oxygen depletion by the
reaction of glucose with glucose oxidase. In this type of
analyte detecting members, the oxygen analyte detect-
ing member could be made of a silicone rubber layer
containing an oxygen sensing fluorophore. The solvents
required for depositing this layer are usually lipophilic and
will readily reduce the activity of glucose oxidase. These
solvents, even in minute quantities, can outgas from the
layer and over time gradually deactivate the enzyme.
Based on the teachings of this invetion, the oxygen-sens-
ing layer and the enzyme layer can be physically isolated
from each other. Or, they can be fabricated separately
and then assembled together after adequate out gassing
of the harmful solvents etc. Alternatively, the two layers
can be separated by a physical barrier such as septum
during the pre-use storage of the device. At the time of
analysis, the barrier can be broken by application of en-
ergy (thermal or electrical) or by impact of an object such
as a penetrating member. Using such a barrier would
enable one to store the layers in different atmospheres.
For example, the enzyme could be stored in nitrogen
atmosphere while the oxygen sensing layer could be
stored in oxygen or another gas composition adequate
for calibration at the time of use or stability during storage.
If the oxygen analyte detecting member is stored in an
oxygen rich atmosphere, the dissolved oxygen could act
as a reagent for the glucose-GOD reaction. Such a
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scheme will provide a baseline for the oxygen consumed
by the reaction of glucose that is not limited by the dis-
solved oxygen content of the sample.

[0083] While the invention has been described and il-
lustrated with reference to certain particular embodi-
ments thereof, those skilled in the art will appreciate that
various adaptations, changes, modifications, substitu-
tions, deletions, or additions of procedures and protocols
may be made without departing from the scope of the
invention. For example, with any of the above embodi-
ments, the location of the penetrating member drive de-
vice may be varied, relative to the penetrating members
or the cartridge. With any of the above embodiments, the
penetrating member tips may be uncovered during actu-
ation (i.e. penetrating members do not pierce the pene-
trating member enclosure or protective foil during
launch). With any of the above embodiments, the pene-
trating members may be a bare penetrating member dur-
ing launch. With any of the above embodiments, the pen-
etrating members may be bare penetrating members pri-
or to launch as this may allow for significantly tighter den-
sities of penetrating members. In some embodiments,
the penetrating members may be bent, curved, textured,
shaped, or otherwise treated at a proximal end or area
to facilitate handling by an actuator. The penetrating
member may be configured to have a notch or groove to
facilitate coupling to a gripper. The notch or groove may
be formed along an elongate portion of the penetrating
member. With any of the above embodiments, the cavity
may be on the bottom or the top of the cartridge, with the
gripper on the other side. In some embodiments, analyte
detecting members may be printed on the top, bottom,
or side of the cavities. The front end of the cartridge may-
be in contact with a user during lancing. The same driver
may be used for advancing and retraction of the pene-
trating member. The penetrating member may have a
diameters and length suitable for obtaining the blood vol-
umes described herein. The penetrating member driver
may also be in substantially the same plane as the car-
tridge. The driver may use a through hole or other open-
ing to engage a proximal end of a penetrating member
to actuate the penetrating member along a path into and
out of the tissue. The embodiments herein are adapted
for use with lancing devices described in U.S. Patent
7,025,774 and 7,198,606. It should also be understood
that the multiple measurement zone configuration is not
limited to a radial disc and may be adapted for use with
cartridges that are rectangular, square, oval, polygonal,
hexagonal, or other shaped in outline. They may be as-
sociated with single penetrating member cartridges or
multiple penetrating member cartridges.

[0084] Any of the features described in this application
or any reference disclosed herein may be adapted for
use with any embodiment of the present invention. For
example, the devices of the present invention may also
be combined for use with injection penetrating members
or needles as described in U.S. Patent 7,025,774 An an-
alyte detecting member to detect the presence of foil may
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also be included in the lancing apparatus. For example,
if a cavity has been used before, the foil or sterility barrier
will be punched. The analyte detecting member can de-
tect if the cavity is fresh or not based on the status of the
barrier. It should be understood that in optional embod-
iments, the sterility barrier may be designed to pierce a
sterility barrier of thickness that does not dull a tip of the
penetrating member. The lancing apparatus may also
use improved drive mechanisms. For example, a sole-
noid force generator may be improved to try to increase
the amount of force the solenoid can generate for a given
current. A solenoid for use with the presentinvention may
have five coils and in the present embodiment the slug
is roughly the size of two coils. One change is to increase
the thickness of the outer metal shell or windings sur-
round the coils. By increasing the thickness, the flux will
also be increased. The slug may be split; two smaller
slugs may also be used and offset by ¥z of a coil pitch.
This allows more slugs to be approaching a coil where it
could be accelerated. This creates more events where a
slug is approaching a coil, creating a more efficient sys-
tem.

[0085] In another optional alternative embodiment, a
gripper in the inner end of the protective cavity may hold
the penetrating member during shipment and after use,
eliminating the feature of using the foil, protective end,
or other part to retain the used penetrating member.
Some other advantages of the disclosed embodiments
and features of additional embodiments include: same
mechanism for transferring the used penetrating mem-
bers to a storage area; a high number of penetrating
members such as 25, 50, 75, 100, 500, or more pene-
trating members may be put on a disk or cartridge; mold-
ed body about a penetrating member becomes unnec-
essary; manufacturing of multiple penetrating member
devices is simplified through the use of cartridges; han-
dling is possible of bare rods metal wires, without any
additional structural features, to actuate them into tissue;
maintaining extreme (better than 50 micron -lateral- and
better than 20 micron vertical) precision in guiding; and
storage system for new and used penetrating members,
with individual cavities/slots is provided. The housing of
the lancing device may also be sized to be ergonomically
pleasing. In one embodiment, the device has a width of
about 56 mm, a length of about 105 mm and a thickness
of about 15 mm. Additionally, some embodiments of the
present invention may be used with non-electrical force
generators or drive mechanism. For example, the punch
device and methods for releasing the penetrating mem-
bers from sterile enclosures could be adapted for use
with spring based launchers. The gripper using a friction-
al coupling may also be adapted for use with other drive
technologies.

[0086] Still further optional features may be included
with the present invention. For example, with any of the
above embodiments, the location of the penetrating
member drive device may be varied, relative to the pen-
etrating members or the cartridge. With any of the above
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embodiments, the penetrating member tips may be un-
covered during actuation (i.e. penetrating members do
not pierce the penetrating member enclosure or protec-
tive foil during launch). The penetrating members may
be a bare penetrating member during launch. In some
embodiments, the penetrating member may be a patent
needle. The same driver may be used for advancing and
retraction of the penetrating member. Different analyte
detecting members detecting different ranges of glucose
concentration, different analytes, or the like may be com-
bined for use with each penetrating member. Non-poten-
tiometric measurement techniques may also be used for
analyte detection. For example, direct electron transfer
of glucose oxidase molecules adsorbed onto carbon na-
notube powder microelectrode may be used to measure
glucose levels. In some embodiments, the analyte de-
tecting members may formed to flush with the cartridge
sothata"well"is not formed. In some other embodiments,
the analyte detecting members may formed to be sub-
stantially flush (within 200 microns or 100 microns) with
the cartridge surfaces. In all methods, nanoscopic wire
growth can be carried out via chemical vapor deposition
(CVD). In all of the embodiments of the invention, pre-
ferred nanoscopic wires may be nanotubes. Any method
useful for depositing a glucose oxidase or other analyte
detection material on a nanowire or nanotube may be
used with the present invention. Additionally, for some
embodiments, any of the cartridge shown above may be
configured without any of the penetrating members, so
that the cartridge is simply an analyte detecting device.
Still further, the indexing of the cartridge may be such
that adjacent cavities may not necessarily be used seri-
ally or sequentially. As a nonlimiting example, every sec-
ond cavity may be used sequentially, which means that
the cartridge will go through two rotations before every
or substantially all of the cavities are used. As another
nonlimiting example, a cavity that is 3 cavities away, 4
cavities away, or N cavities away may be the next one
used. This may allow for greater separation between cav-
ities containing penetrating members that were just used
and a fresh penetrating member to be used next. For any
of the embodiments herein, they may be configured to
provide the various velocity profiles described.

[0087] Expected variations or differences in the results
are contemplated in accordance with the objects and
practices of the present invention. It is intended, there-
fore, that the invention be defined by the scope of the
claims which follow and that such claims be interpreted
as broadly as is reasonable.

Claims
1. A body fluid sampling device comprising:
a cartridge (400) containing a plurality of pene-

trating members (302); and
a plurality of analyte detecting members (410)
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on said cartridge for performing chemical tests,
wherein the cartridge is divided into different test
chemistry regions, and wherein a first portion of
the analyte detecting members operable to
measure a first type of analyte are in a first test
chemistry region and a second portion of the
analyte detecting members operable to meas-
ure a second, different type of analyte are in a
second test chemistry region; and further com-
prising a penetrating member driver (68) for
moving an active one of said penetrating mem-
bers from a first position outward to penetrate
tissue, wherein the device is adapted so the car-
tridge may be rotated to bring a desired test
chemistry region into position for use.

The device of claim 1 wherein the penetrating mem-
ber driver is coupled to a position sensor (74), said
position sensor used to detect a position of the active
one of said penetrating members while penetrating
tissue.

The device of claim 1 or claim 2, wherein said first
portion of analyte detecting members are all located
onone area ofthe cartridge while said second portion
of analyte detecting members are all located on a
second area of the cartridge.

The device of any preceding claim, wherein said first
portion of analyte detecting members are operable
to measure analytes related to blood gases.

The device of any preceding claim, wherein said sec-
ond portion of analyte detecting members are oper-
able to measure analytes related to electrolytes.

The device of any of claims 1 to 4, wherein said sec-
ond portion of analyte detecting members are oper-
able to measure analytes related to at least one of
the following: blood gases, electrolytes, coagulation,
or metabolites.

The device of any preceding claim, further compris-
ing a handheld, two way communication, data man-
agement system.

The device of claim 1 further comprising an integrat-
ed sampling/POC testing device for one step sample
to read.

The device of any preceding claim, wherein body
fluid requirement for each analyte detecting member
is less than 1 microliter.

The device of claim 1 further comprising many tests
on single penetrating member/analyte detecting
member combination.
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The device of any preceding claim, adapted so that
in use all the chemical tests associated with the dif-
ferent test chemistry regions are carried out, but only
a subset of the results is reported to the user.

The device of any preceding claim, wherein said an-
alyte detecting members use either electrochemical,
optical, or combinations of the measurement tech-
niques.

The device of any preceding claim, further compris-
ing acompanion cartridge wherein additional analyte
detecting members are coupled for more complex
less common tests, only used if required.

The device of any preceding claim, further compris-
ing analyte detecting members formed on the under-
side of cartridge, said members used for tests re-
quiring larger surface area such as for washing steps
in hematology or cell counting.

The device of any preceding claim, further compris-
ing an upstream fixed volume chamber (450) which
empties instantaneously when full so that all tests
start simultaneously.

The device of any preceding claim, further compris-
ing vents, seals, fill detectors.

The device of any preceding claim, further compris-
ing a cartridge vent system (460) that opens by a
piercing mechanism to allow on board calibration flu-
ids to start flowing into relevant fluidic structures.

The device of any preceding claim, further compris-
ing array detection having a storage area having a
sensing area;

another storage area having an enzyme area sepa-
rate from the sensing area prior to tissue piercing;
wherein said storage areas and sensing area are
positioned to cause fluid to first flow to the enzyme
area and then to the sensing area.

The device of claim 1, wherein the device is operable
to move a penetrating member (500) at a selectable
velocity profile (62) or motion waveform;

pierce a storage area having a sensing area (506);
and

pierce another storage area having an enzyme area
(504) separate from the sensing area prior to pierc-
ing; thereby causing fluid (520) to first flow to the
enzyme area and then to the sensing area.

The device of claim 21 adapted to store said enzyme
area in an inert environment different from an envi-

ronment for the sensing area.

The device of claim 1, the device further comprising:
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a housing (10);

the penetrating member driver coupled to said
housing and for use with said cartridge;

a processor (60) for controlling said penetrating
member driver to move at least one of said pen-
etrating members at velocities which conform
with a selectable velocity profile;

a storage area having a sensing area (506);
another storage area having an enzyme area
(504) separate from the sensing area prior to
piercing;

wherein said penetrating member pierces open
both storage areas upon member actuation and
causing body fluid (520) to first flow to the en-
zyme area and then to the sensing area.

Patentanspriiche

Korperflissigkeitsprobenahmevorrichtung, umfas-
send:

eine Kassette (400), die eine Vielzahl von
Durchdringungsgliedern (302) enthalt, und
eine Vielzahl von Analyterfassungsgliedern
(410) an der Kassette zur Durchfiihrung von
chemischen Tests, wobei die Kassette in ver-
schiedene Testchemiebereiche unterteilt ist,
und wobei sich ein erster Teil der Analyterfas-
sungsglieder, die dahin betatigt werden kénnen,
eine erste Art von Analyt zu messen, in einem
ersten Testchemiebereich befindet und ein
zweiter Teilder Analyterfassungsglieder, die da-
hingehend betatigt werden kdnnen, eine zweite,
andere Art von Analyt zu messen, sich in einem
zweiten Testchemiebereich befindet, und ferner
umfassend einen Durchdringungsgliedtreiber
(68), um ein aktives der Durchdringungsglieder
aus einer ersten Position nach auf3en zur Durch-
dringung von Gewebe zu bewegen, wobei die
Vorrichtung so ausgelegt ist, dass die Kassette
gedreht werden kann, um einen gewtinschten
Testchemiebereich flir den Gebrauch in Positi-
on zu bringen.

Vorrichtung nach Anspruch 1, wobei der Durchdrin-
gungsgliedtreiber an einen Positionssensor (74) ge-
koppelt ist, wobei der Positionssensor dazu dient,
eine Position des aktiven der Durchdringungsglieder
beim Durchdringen von Gewebe zu erfassen.

Vorrichtung nach Anspruch 1 oder Anspruch 2, wo-
bei der gesamte erste Teil der Analyterfassungsglie-
der an einem Bereich der Kassette angeordnet ist,
wahrend der gesamte zweite Teil der Analyterfas-
sungsglieder an einem zweiten Bereich der Kassette
angeordnet ist.
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Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei der erste Teil der Analyterfassungs-
glieder dahingehend betétigt werden kann, Analyte
im Zusammenhang mit Blutgasen zu messen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei der zweite Teil der Analyterfas-
sungsglieder dahingehend betétigt werden kann,
Analyte im Zusammenhang mit Elektrolyten zu mes-
sen.

Vorrichtung nach einem der Anspriiche 1 bis 4, wo-
bei der zweite Teil der Analyterfassungsglieder da-
hingehend betatigt werden kann, Analyte im Zusam-
menhang mit Blutgasen und/oder Elektrolyten
und/oder Koagulation und/oder Metaboliten zu mes-
sen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, ferner umfassend ein in der Hand gehalte-
nes Zweiwegkommunikationsdatenverwaltungs-
system.

Vorrichtung nach Anspruch 1, ferner umfassend ei-
ne integrierte Probennahme-/POC-Testvorrichtung
fur die Probenahme zum Ablesen in einem Schritt.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei der Korperflissigkeitsbedarf fiir je-
des Analyterfassungsglied weniger als 1 Mikroliter
betragt.

Vorrichtung nach Anspruch 1, ferner umfassend vie-
le Tests mit einer einzigen Kombination aus Durch-
dringungsglied/Analyterfassungsglied.

Vorrichtung nach einem der vorhergehenden An-
spriiche, die so ausgelegt ist, dass bei der Verwen-
dung alle den verschiedenen Testchemiebereichen
zugeordnete chemische Tests durchgefiihrtwerden,
aber nur eine Untermenge der Ergebnisse dem Be-
nutzer gemeldet werden.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die Analyterfassungsglieder entwe-
der elektrochemische, optische oder Kombinationen
der Messverfahren verwenden.

Vorrichtung nach einem der vorhergehenden An-
spriiche, fernerumfassend eine begleitende Kasset-
te, wobei zusatzliche Analyterfassungsglieder flr
komplexere, weniger Ubliche Tests angekoppelt
sind, die nur bei Bedarf verwendet werden.

Vorrichtung nach einem der vorhergehenden An-
spriiche, ferner umfassend an der Unterseite der
Kassette gebildete Analyterfassungsglieder, wobei
diese Glieder flir Tests verwendet werden, flir die
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eine groRere Flache nétig ist, wie fir Waschschritte
in Hamatologie oder Zellzdhlung.

Vorrichtung nach einem der vorhergehenden An-
spriiche, ferner umfassend eine stromaufwartige
Kammer (450) mit festgelegtem Volumen, die sich
sofort entleert, wenn sie voll ist, so dass alle Tests
gleichzeitig beginnen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, ferner umfassend Luftungséffnungen,
Dichtungen, Fiillstanddetektoren.

Vorrichtung nach einem der vorhergehenden An-
spriiche, ferner umfassend ein Kassettenliftungs-
system (460), das sich iber einen Durchstechme-
chanismus 6ffnet, damit vorrichtungseigene Kalib-
rierungsfluide beginnen kénnen, in relevante fluidi-
sche Strukturen zu strémen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, ferner umfassend Array-Erfassung mit ei-
nem Bevorratungsbereich mit einem Erfassungsbe-
reich,

einen anderen Bevorratungsbereich mit einem En-
zymbereich, der vor dem Durchstechen von Gewebe
von dem Erfassungsbereich getrennt ist,

wobei die Bevorratungsbereiche und der Erfas-
sungsbereich so positioniert sind, dass Fluid dazu
veranlasst wird, erst zum Enzymbereich und dann
zum Erfassungsbereich zu strémen.

Vorrichtung nach Anspruch 1, wobei die Vorrichtung
dahingehend betatigt werden kann, ein Durchdrin-
gungsglied (500) mit einem wahlbaren Geschwin-
digkeitsprofil (62) oder einer wahlbaren Bewegungs-
wellenform zu bewegen,

einen Bevorratungsbereich mit einem Erfassungs-
bereich (506) zu durchstechen und

einen anderen Bevorratungsbereich mit einem En-
zymbereich (504), der vor dem Durchstechen von
dem Erfassungsbereich getrennt ist, zu durchste-
chen, wodurch veranlasst wird, dass Fluid (520) erst
zum Enzymbereich und dann zum Erfassungsbe-
reich stromt.

Vorrichtung nach Anspruch 21, das dazu ausgelegt
ist, den Enzymbereich in einer von einer Umgebung
fur den Erfassungsbereich verschiedenen inerten
Umgebung zu bevorraten.

Vorrichtung nach Anspruch 1, wobei die Vorrichtung
ferner Folgendes umfasst:

ein Gehause (10),

den Durchdringungsgliedtreiber, der an das Ge-
hause und fir die Verwendung mit der Kassette
gekoppelt ist,
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einen Prozessor (60) zur Steuerung des Durch-
dringungsgliedtreibers, so dass dieser mindes-
tens eines der Durchdringungsglieder mit Ge-
schwindigkeiten bewegt, die einem wahlbaren
Geschwindigkeitsprofil entsprechen,

einen Bevorratungsbereich mit einem Erfas-
sungsbereich (506), einen anderen Bevorra-
tungsbereich mit einem Enzymbereich (504),
der vor dem Durchstechen von dem Erfas-
sungsbereich getrenntist, wobei das Durchdrin-
gungsglied bei Gliedbetatigung beide Bevorra-
tungsbereiche aufsticht, so dass veranlasst
wird, dass Korperflissigkeit (520) erst zum En-
zymbereich und dann zum Erfassungsbereich
stromt.

Revendications

Dispositif d’échantillonnage de fluide corporel
comprenant :

une cartouche (400) contenant une pluralité
d’éléments pénétrants (302) ; et

une pluralité d’éléments de détection (410)
d’analyte surladite cartouche pour effectuer des
tests chimiques,

dans lequel la cartouche est divisée en différentes
zones de chimie analytique, et

dans lequel une premiére partie des éléments de
détection d’analyte servant a mesurer un premier
type d’analyte sont dans une premiére zone de chi-
mie analytique et une seconde partie des éléments
de détection d’analyte servant a mesurer un second
type différent d’analyte sont dans une seconde zone
de chimie analytique ; et

comprenant en outre un entrainement (68) d’élé-
ment pénétrant pour déplacer un élément actif parmi
lesdits éléments pénétrants depuis une premiére po-
sition a I'extérieur afin qu’il pénétre dans le tissu,
dans lequel le dispositif est congu de sorte qu’on
peut faire tourner la cartouche pour amener une zo-
ne souhaitée de chimie analytique en position d’uti-
lisation.

Dispositif selon la revendication 1, dans lequel I'en-
trafnement d’élément pénétrant est couplé a un cap-
teur de position (74), ledit capteur de position étant
utilisé pour détecter la position de I'élément actif par-
mi lesdits éléments pénétrants pendant qu’il pénétre
dans le tissu.

Dispositif selon la revendication 1 ou 2, dans lequel
les éléments de détection d’analyte de ladite premie-
re partie sont tous situés sur une zone unique de la
cartouche tandis que les éléments de détection
d’analyte de ladite seconde partie sont tous situés
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sur une seconde zone de la cartouche.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel les éléments de détection
d’analyte de ladite premiére partie serventa mesurer
des analytes concernant les gaz du sang.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel les éléments de détection
d’analyte de ladite seconde partie servent a mesurer
des analytes concernant les électrolytes.

Dispositif selon 'une quelconque des revendications
1a4,danslequelles éléments de détection d’analyte
de ladite seconde partie servent a mesurer des ana-
lytes concernant au moins une des substances
suivantes : gaz du sang, électrolytes, agents coagu-
lants ou métabolites.

Dispositif selon 'une quelconque des revendications
précédentes, comprenant en outre un systéme a
main de gestion de données et de communication
bidirectionnelle.

Dispositif selon la revendication 1, comprenant en
outre un dispositif intégré d’échantillonnage/test sur
le lieu de soin pour un échantillon intermédiaire a lire.

Dispositif selon 'une quelconque des revendications
précédentes, danslequel le besoin en fluide corporel
pour chaque élément de détection d’analyte est in-
férieur a 1 microlitre.

Dispositif selon la revendication 1, comprenant en
outre de nombreux tests sur une seule combinaison
élément pénétrant/élément de détection d’analyte.

Dispositif selon 'une quelconque des revendications
précédentes, congu de sorte qu’en service tous les
essais chimiques associés aux différentes zones de
chimie analytique sont effectués, mais seulement un
sous-ensemble des résultats est porté a la connais-
sance de l'utilisateur.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel lesdits éléments de détec-
tion d’analyte utilisent des techniques de mesure soit
électrochimiques, soit optiques, soit combinées.

Dispositif selon 'une quelconque des revendications
précédentes, comprenant en outre une cartouche
auxiliaire dans laquelle sont couplés des éléments
supplémentaires de détection d’analyte pour des
tests moins communs, plus complexes, utilisés seu-
lement en cas de besoin.

Dispositif selon 'une quelconque des revendications
précédentes, comprenant en outre des éléments de
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détection d’analyte constitués sur la face inférieure
de la cartouche, lesdits éléments étant utilisés pour
des tests nécessitant une plus grande superficie tels
que les étapes de lavage en hématologie ou comp-
tage des cellules.

Dispositif selon'une quelconque des revendications
précédentes, comprenant en outre une chambre
amont (450) de volume fixe qui se vide instantané-
ment quand elle est pleine de sorte que tous les es-
sais commencent simultanément.

Dispositif selon'une quelconque des revendications
précédentes, comprenanten outre prises d’air, joints
d’étanchéité et detecteurs de remplissage.

Dispositif selon’'une quelconque des revendications
précédentes, comprenanten outre un systeme (460)
de prise d’air de cartouche qui s’ouvre par un méca-
nisme de percage pour permettre aux fluides d’éta-
lonnage embarqués de commencer a couler dans
les structures fluidiques appropriées.

Dispositif selon’'une quelconque des revendications
précédentes, comprenant en outre une détection de
séries comportant une zone de stockage ayant une
zone de détection ;

une autre zone de stockage ayant une zone d’enzy-
mes séparée de la zone de détection avant perce-
ment du tissu,

dans lequel lesdites zones de stockage et zone de
détection sont placées pour faire couler le fluide
d’abord vers la zone d’enzymes puis vers la zone de
détection.

Dispositif selon larevendication 1, dans lequel le dis-
positif sert a

déplacer un élément pénétrant (500) selon un profil
de vitesse (62) sélectionnable ou une forme d’onde
de mouvement ;

percer une zone de stockage ayant une zone de dé-
tection (506) ; et

percer une autre zone de stockage ayant une zone
d’enzymes (504) séparée de la zone de détection
avant percement du tissu,

faisant ainsi couler le fluide (520) d’abord vers la
zone d’enzymes et ensuite vers la zone de détection.

Dispositif selon la revendication 21, apte a stocker
ladite zone d’enzymes dans un environnement iner-
te différent de I'environnement pour la zone de dé-
tection.

Dispositif selon la revendication 1, comprenant en
outre :

un boitier (10) ;
I’entrainement d’élément pénétrant accouplé
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audit boitier et a utiliser avec ladite cartouche ;
un processeur (60) pour commander audit en-
trainement d’élément pénétrant de déplacer au
moins un desdits éléments pénétrants a des vi-
tesses qui sont en conformité avec un profil de
vitesse sélectionnable ;

une zone de stockage ayant une zone de dé-
tection (506) ;

une autre zone de stockage ayant une zone
d’enzymes (504) séparée de la zone de détec-
tion avant percement ;

dans lequel ledit élément pénétrant ouvre en les per-
cant les deux zones de stockage quand I'élément
est actionné et fait s’écouler le fluide corporel (520)
d’abord vers la zone d’enzymes et ensuite vers la
zone de détection.
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