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DEVICES AND METHODS FOR BODY FLUID SAMPLING AND ANALYSIS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims priority to U.S. Provisional Application Serial No.
61/514,872, filed on August 3, 2011, which is hereby incorporated by reference in its entirety.

FIELD

[0002]  The present invention relates to devices and methods for sampling,

collecting, and analyzing a fluid sample (e.g., one or more body fluids)
BACKGROUND

[0003] Diabetes is a widespread condition, affecting millions worldwide. In the
United States alone, an estimated 23.6 million people, or 7.8% of the population, have the
condition. Diabetes accounts for an estimated $174 billion annually in direct and indirect
medical costs. Depending on the type (Type 1, Type 2, and the like), diabetes may be associated
with one or more symptoms such as fatigue, blurred vision, and unexplained weight loss, and
may further be associated with one more complications such as hypoglycemia, hyperglycemia,

ketoacidosis, neuropathy, and nephropathy.

[0004]  To help prevent these undesirable complications, it may be necessary for
people with diabetes to monitor one or more blood analyte levels, such as blood glucose.
Glucose testing allows a patient to ensure that his or her blood glucose is at a safe level, which in
turn may help monitor the effectiveness of diet, medication, and exercise in controlling the
patient’s diabetes, and may also help reduce the risk of developing one or more diabetes-related
conditions (e.g., blindness, kidney damage and nerve damage). Many of the currently available
glucose meters, however, require numerous components and complicated steps to complete a
test, and often do not allow for discreet testing. This may reduce the likelihood of user
compliance. As such, it may be desirable to produce safe and effective analyte concentration
meters that may make sampling discrete and easier for the user and reduces the number of

separate components a patient must carry.
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BRIEF SUMMARY

[0005]  Described here are meters and methods for sampling, transporting and/or
analyzing a fluid sample. In some variations, a meter as described here may comprise a meter
housing and a cartridge. In some of these variations, the cartridge and/or the meter housing may

be reusable. In other variations, the cartridge and/or the meter housing may be disposable.

[0006]  The cartridges described here may comprise at least one cell. In some
variations, a cartridge may comprise a single cell. In other variations, a cartridge may comprise
a plurality of cells. One or more portions of the cartridge may be covered by one or more
covering materials. In some variations, the covering material may be opaque or otherwise light-
blocking. One or more walls of the cartridge may comprise one or more transparent viewing
windows, which may allow light to enter and/or exit one or more cells. The cartridge may

comprise one or more recesses or other structures for receiving a portion of the meter housing.

[0007]  The cartridges may comprise at least one sampling arrangements. In
some variations, a cartridge may comprise a single sampling arrangement. In other variations,
the cartridge may comprise a plurality of sampling arrangements. When a cartridge includes a
plurality of sampling arrangements, the sampling arrangements may be positioned in one or
more cells. In some variations, each of the plurality of sampling arrangements is located in a
different cell. In some variations, a cartridge comprises one or more cell housing two or more
sampling arrangements. In some variations, the sampling arrangements may comprise a member
for collecting a fluid sample. In some of these variations, the member may comprise a
penetration member (e.g., a needle, a solid lancet, or the like). The sampling arrangements may
comprise a hub. The hub may be configured to connect the sampling arrangement to the
cartridge. In some variations, the hub may comprise one or more pins rotatably connecting the
sampling arrangement to the cartridge. In some variations, the sampling arrangement comprises
a spring (e.g., a torsional spring, a linear spring, leaf spring) or another actuator that may move
the sampling arrangement relative to the cartridge. In some variations, the sampling
arrangement may comprise a quantification member. In some variations, the quantification

member may comprise a reagent pad.
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[0008] In some variations, the hub may comprise a patterned surface. In some
variations, the patterned surface may comprise a fluid inlet. The fluid inlet may be fluidly
connected to a penetration member or other fluid source. In some variations, the patterned
surface may comprise a plurality of posts configured to spread fluid received from the fluid inlet.
In some variations, the patterned surface comprises a plurality of channels and a plurality of

flow diverters, wherein each channel is positioned between two of the plurality of flow diverters.

[0009] The meter housings described here may be configured to engage with
and/or hold a cartridge. In some variations, a cartridge may be inserted into a cartridge-
receiving chamber of the meter housing. In some instances, insertion of a cartridge into a meter
housing may cause the cartridge to engage a tower within the meter housing. In some variations,
the tower may be fixed relative to the rest of the meter housing. In other variations, the tower
may be movable relative to the rest of the meter housing. For example, in some of these
variations, the tower may be rotatably coupled to a pin, which is slidably coupled to a portion of
the meter housing. In some of these variations, a spring may bias the moveable tower toward

one end of the meter housing.

[0010] In some instances, insertion of a cartridge into a meter housing may place
a cartridge cell between a light source and a light detector. In these variations, the light source
may direct light through a viewing window of the cartridge and into the cartridge cell, and the
light detector may be configured to detect any light passing through the cartridge cell (e.g., by

one or more breaks or imperfections in a covering material).

[0011]  The meters described here may be used to sample and analyze one or
more fluid samples (e.g., blood) to determine the concentration of one or more analytes (e.g.,
glucose) contained therein. In some variations, a user may initiate a testing procedure by placing
pressure against a port (e.g., via a contact pad). In some of these variations, application of
pressure to the port causes a cartridge and tower to move relative to the meter housing. In some
instances, this movement may cause the cartridge and/or tower to engage an activation element,
which may then initiate a testing procedure. During a testing procedure, a sampling arrangement
may be activated to collect, transport and/or react with a fluid sample, as will be described in

more detail below.
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[0012] In some variations, a meter may comprise a meter housing comprising a
tower and an imaging system; and a cartridge insertable into the meter housing and comprising a
plurality sampling arrangements. In some variations, the tower may be held inside the meter
housing, and the tower may be configured to engage the cartridge. In some of these variations,
at least a portion of the tower may fits within a recess in the cartridge when the tower engages
the cartridge. The imaging system may be housed at least partially within the tower. The
imaging system may comprise a light-generating assembly and a light-receiving assembly. In
some variations, the meter may be configured to position the cartridge to align a first sampling
arrangement of the plurality of sampling arrangements with the imaging system. The first
sampling arrangement may be moveable between a pre-fired position and a rest position. In
some variations, a torsional spring may be configured to move the first sampling arrangement
between the pre-fired position and a rest position. In some variations the first sampling
arrangement may comprise a latch configured to hold the first sampling arrangement in the pre-
fired position. In some variations the meter may further comprising a triggering mechanism to
release the first sampling arrangement from the pre-fired position. In some of these variations

the triggering mechanism comprises a vacuum pin.

[0013] In some variations, the light-receiving assembly may be configured to
image a portion of the first sampling arrangement when the first sampling arrangement is in the
rest position. In some variations, the first sampling arrangement may comprise a reagent pad
having a midline, and the light-receiving assembly may be configured to image a portion of the
reagent pad when the first sampling arrangement is in the rest position. In some variations the
light-receiving assembly comprises a linear detector array, and the light-receiving assembly may
be configured to image a linear viewing area of the reagent pad when the first sampling
arrangement is in the rest position. In some of these variations, the linear viewing area may be
positioned on a first side of the midline when the first sampling arrangement is in the rest
position. In some variations, rotation of the first sampling arrangement from the resting position
toward the pre-fired position moves the viewing area in a direction toward the midline. The first
sampling arrangement may further comprise a cap positioned over at least a portion of the
reagent pad, wherein the light-receiving assembly is configured to image a portion of the reagent
pad and a portion of the cap. In some of these variations, the light-receiving assembly is further

configured to image a portion of an open space on at least one side of the cap. In some of these
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variations, the meter may be configured to cancel more one or more readings from the light-
receiving assembly when light received by the portion of the light-receiving assembly imaging

the portion of the open space reaches a predetermined threshold.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGS. 1A-1D depict an illustrative variation of the meters described here.
FIGS. 1A and 1B depict front and perspective views, respectively, of an illustrative variation of
a meter housing. FIG. 1C depicts a perspective view of a variation of a cartridge suitable for use
with the meters described here. FIG. 1D depicts a cross-sectional side view of the meter housing

of FIGS. 1A and 1B with the cartridge of FIG. 1C inserted therein.

[0015] FIGS. 2A-2D illustrate a variation of a cartridge suitable for use with the
meters described herein. FIG. 2A depicts a bottom perspective view of the cartridge. FIG. 2B
shows a cross-sectional side view. FIGS. 2C and 2D depict a top perspective view and a

partial-top perspective view, respectively.

[0016]  FIGS. 3A-3E illustrate a variation of a sampling arrangement suitable for
use with the meters described here. FIGS. 3A and 3B show a side view and an exploded
perspective view, respectively, of the sampling arrangement. FIGS. 3C-3E illustrate a method

by which a sampling arrangement may move relative to a cartridge.

[0017]  FIG. 4 illustrates one variation of a hub comprising a patterned surface

suitable for use with the sampling arrangements described here.

[0018] FIGS. 5A-5C illustrate different variations of caps suitable for use with

the sampling arrangements described here.

[0019] FIGS. 6A-6D illustrate one variation of a meter housing suitable for use
with the meters described here. Specifically, FIGS. 6A-6C show a front view, a partial cross-
sectional front view, and a cross-sectional side view, respectively, of meter housing. FIG. 6D

shows a cross-sectional side view of the meter housing with a cartridge inserted therein.

[0020] FIG. 7A shows a front view of one variation of a tower suitable for use

with the meters described here. FIG. 7B shows a partial cross-sectional side view of the tower
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of FIG. 7A engaging with a variation of a cartridge suitable for use with the meters described

here.

[0021]  FIGS. 8A-8C illustrate one variation of a trigger mechanism suitable for

use with the meters described here.

[0022]  FIGS. 9A and 9B depict an illustrative variation of an imaging system

suitable for use with the meters described here.

[0023] FIGS. 10A and 10B illustrate another variation of a tower suitable for use

with the meters described here.

[0024]  FIGS. 11, 12A and 12B illustrate variations of meter housings comprising

cartridge ejection mechanisms.

[0025]  FIGS. 13A-13C depict an illustrative variation of a cartridge comprising a

single sampling arrangement.

[0026]  FIG. 14 depicts a variation of a sampling arrangement depicting a viewing

area that may be imaged by the imaging systems described here.

[0027]  FIG. 15A depicts a variation of a sampling arrangement depicting a
viewing area that may be imaged by the imaging systems described here. FIG. 15B depicts a

trace that may be collected by visualization of the viewing area of FIG. 15B.

[0028]  FIGS. 16A-16C illustrate a variation of meter comprising a cartridge and

an imaging system.

[0029]  FIGS. 17A and 17B depict a perspective view and a top view,
respectively, of one variation of a hub comprising a patterned surface suitable for use with the

sampling arrangements described here.

[0030] FIGS. 18A and 18B depict a variation of a sampling arrangement

depicting a viewing area that may be imaged by the imaging systems described here.
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[0031]  FIG. 19 depicts a variation of a sampling arrangement depicting a viewing

area that may be imaged by the imaging systems described here.

[0032]  FIGS. 20A-20C depict variations of sampling arrangements suitable for

use with the meters described here.

[0033] FIGS. 21A and 21B illustrate a perspective view and a side view,

respectively, of one variation of a tower suitable for use with the meters described here.

[0034] FIGS. 22A and 22B depict a perspective view and a top view,
respectively, of one variation of a hub comprising a patterned surface suitable for use with the

sampling arrangements described here.
DETAILED DESCRIPTION

[0035]  Described here are meters and methods for sampling, transporting and/or
analyzing a fluid sample. The fluid sample may comprise any suitable fluid, such as, for
example, one or more solutions (e.g., a control solution), mixtures, body fluids (e.g., blood,
saliva, or the like), combinations thereof and the like. These fluid samples may be drawn from
any suitable sampling site, for example, one or more body sites (e.g., fingers, toes, other skin
surfaces, or the like) or one or more artificial containers (e.g., a vial holding a control solution or
a body fluid sample). Once a fluid sample is collected, it may be analyzed to measure one or
more parameters of the fluid sample. For example, analysis of the sample may include
determining the concentration of one or more analytes in the sample. The meters may be
configured to measure the concentration of any suitable analyte (e.g., hormones, proteins,
enzymes, toxins, drugs, other molecules, or the like). In some variations, the meters described
here may be configured to measure the glucose concentration of one or more blood samples or

other glucose-containing solutions.

[0036] In some variations of the meters described here, the meter may comprise a
meter housing and one or more cartridges, each of which will be described in more detail below.
The meters may be fully integrated, in that the meter housing and the cartridge (or cartridges)
may contain all of the components necessary for collecting, transporting, and/or analyzing a

fluid sample. In some variations, the meter may be configured to collect and analyze a plurality



WO 2013/020103 PCT/US2012/049629

of fluid samples. For example, in some variations, a cartridge may comprise one or more cells,
some or all of which may contain one or more sampling arrangements for collecting a fluid
sample, as described in more detail below. The meter may be further configured to display or
otherwise provide one or more results from the sample analysis. It should be appreciated that
some portions of the meter may be reusable, while other portions of the meter may be
disposable. For example, in some variations the meter housing is reusable while the cartridge is
disposable. In these variations, new cartridges may be inserted into or otherwise engage with a
meter housing to conduct a new series of tests. In other variations, both the meter housing and

the cartridge may be disposable.

[0037] FIGS. 1A-1D show an illustrative variation of the meters described here.
Specifically, the meter may comprise a meter housing (100) and a cartridge (102). Specifically,
FIGS. 1A and 1B show a front view and a bottom perspective view, respectively, of meter
housing (100), while FIG. 1C shows a perspective view of cartridge (102). While shown in FIG.
1C as being stored in a sealable pouch (116), it should be appreciated that cartridge (102) may
be stored in any suitable container, and may be removed prior to use. FIG. 1D shows a cross-
sectional view of meter housing (100) with cartridge (102) placed inside of meter housing (100).
As shown there, meter housing (100) may comprise a door (104) with a cartridge-engagement
projection (105), a cartridge-receiving chamber (106) or cavity, triggering mechanism (107),
display (108), buttons (110), port (112), and tower (114). The meters described here need not
include each of these features, and it should be appreciated that the meters described here may
comprise any combination of these features. Each of these features will be described in more
detail below. Meter housing (100) may further comprise one or more imaging systems (not
shown), and internal mechanisms or components (e.g., memory, circuitry, actuators, batteries,
vacuum pumps, sensors, combinations thereof, etc.) for operating the meter and/or facilitating a

testing procedure.

[0038]  Door (104) may be opened to reveal cartridge-receiving chamber (106), as
shown in FIG. 1B. Cartridge (102) may be placed inside of cartridge-receiving chamber (106),
and door (104) may be closed to temporarily enclose cartridge (102) within the meter housing
(100). When placed inside of meter housing, one or more portions of the cartridge may engage

one or more components of the meter housing (100). In some variations, meter housing (100)
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may comprise one or more features that may facilitate self-alignment of the cartridge (102) as it
is placed in the cartridge-receiving chamber (106), as will be described in more detail below. In
some variations, the cartridge (102) may comprise a recess (not shown). When cartridge (102) is
placed inside of cartridge-receiving chamber (106), a portion of tower (114) may fit within or
otherwise engage the recess of cartridge (102). This engagement may help to hold cartridge
(102) in place relative to meter housing (100). Conversely, in some variations the cartridge
(102) may comprise one or more projections (not shown) that may engage one or more recesses
(not shown) in the cartridge-receiving chamber (106) or other portion of the meter housing
(100). Additionally or alternatively, one or more magnets may hold the cartridge in place
relative to the meter housing. It should be appreciated that a cartridge need not be placed inside
of a meter housing (e.g., via a cartridge-receiving chamber) to engage the meter housing. For
example, in some variations, a cartridge may attach to or otherwise engage one or more external

surfaces of a meter housing.

[0039]  When the door (104) of a meter housing (100) comprises a cartridge-
engagement projection (105). The cartridge-engagement projection (105) may press against or
otherwise bias the cartridge (102) when a cartridge (102) is placed in a cartridge-receiving
chamber (106) and the door (104) is closed. For example, when a portion of a tower (114)
engages the cartridge (102), the cartridge-engagement projection (105) may press and hold the
cartridge (102) in engagement with the tower (114). This engagement may help account for
mechanical tolerances of the meter. In some variations, the cartridge-engagement projection

(105) may be spring-loaded to bias the cartridge (102).

[0040]  Additionally, cartridge (102) may house or otherwise hold one or more
sampling arrangements (130). These sampling arrangements, as will be described in more detail
below, may be contained in one or more cells of the cartridge, and may comprise one or more
components for collecting, transporting, and/or reacting with a fluid sample. For example, in
some variations, the sampling arrangement (130) may comprise a penetration member (136) for
piecing, penetrating or otherwise puncturing a sampling site during a testing procedure. In
variations where the cartridge (102) comprises a plurality of sampling arrangements, each

sampling arrangement may be utilized to conduct a separate test on a different fluid sample. In
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variations where cartridge (102) is configured to be disposable, new cartridges may be swapped

in to provide unused (e.g., unfired) sampling arrangements.

[0041]  Once the cartridge (102) has been placed in operative engagement with
the meter housing (100), the meter may be configured to perform one or more testing
procedures, during which a fluid sample is collected and analyzed. Prior to initiating a testing
sequence, the meter may first be activated by one or more of buttons (110) or another suitable
switch, lever, pressure sensor, or the like. Activating the meter may comprise powering up the
meter housing (100), or may comprise waking the meter from a hibernation mode. It should be
appreciated that the meter may be activated (e.g., powered up or awoken from a hibernation
mode) prior to placement of cartridge (102) in meter housing. In other variations, placement of

the cartridge (102) inside of the meter housing (100) may activate the meter.

[0042]  Upon activation of the meter and/or placement of cartridge (102) in the
meter housing (100), the meter may be configured to run one or more procedures to check the
integrity of, index, and/or otherwise obtain information from the cartridge (102), as will be
described in more detail below. In some of these procedures, the meter may be configured to
evaluate whether individual sampling arrangements of the cartridge (102) have previously been
used, fired, or otherwise actuated (intentionally or inadvertently). In variations where portions
of the cartridge are sealed from the external environment, the meter may be configured to check
the integrity of the seal. Additionally or alternatively, the meter housing (100) may be
configured to obtain information (e.g., calibration information, expiration dates, etc.) stored on,
stored in, or otherwise associated with the cartridge (102). If the meter determines that the
cartridge has expired, or all of the sampling arrangements have either been used or otherwise
comprised, the meter may be configured to prevent the initiation of a test, and may additionally
alert the user (e.g., via one or more visual prompts, sounds, tactile stimuli, or other identifiers) to

insert a new cartridge (102).

[0043] In order to insert a new cartridge, it may be first necessary to remove a
cartridge that is already housed in a meter housing. A cartridge may be ejected or removed from
the meter housing in any suitable manner. It should be appreciated that in some variations, the
meter housing (100) may be configured to eject a used cartridge (102) without requiring direct

user contact with the cartridge, which may help to reduce the risk of user exposure to potentially

10
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hazardous materials (e.g., used needles or lancets). For example, in some variations, the meter
housing (100) may comprise one or more ejection buttons (113), that may be depressed or
otherwise activated to eject the cartridge (102) from the meter housing (100) without requiring a
user to touch the cartridge (102). In other variations, the cartridge (102) may be configured to
passively fall from the cartridge housing when a door (104) of the meter housing (100) is
opened. Examples of illustrative cartridge ejection mechanisms will be described in more detail

below.

[0044]  After any checking/indexing/information gathering procedures have been
completed, the meter may enter a ready mode, in which cartridge (102) is positioned such that an
un-fired sampling arrangement is in alignment with port (112), as shown in FIG. 1D. At this
point, a user may initiate a testing procedure. Alternatively, the alignment of a sampling
arrangement with the port (112) may not occur until after the testing procedure has been
initiated. In some instances, the testing procedure may be initiated by pressing one or more of
buttons (110) or activating another suitable element (e.g., one or more buttons, switches, levers,
sensors, combinations thereof, and the like). In other instances, a user may activate a testing
procedure by placing a sampling site (e.g., one or more skin surfaces or a fluid-filled container)
against port (112), as will be described in more detail below. For example, the port (112) may
comprise a moveable contact pad against which a user may press a sampling site (e.g., a skin
surface), and which may contact a portion of the cartridge when a sampling site is applied

thereto.

[0045]  Once a testing procedure has been initiated, the meter may be configured
to activate or otherwise actuate the sampling arrangement (e.g., via a trigger mechanism or the
like) to pierce, puncture, or otherwise penetrate the sampling site. The sampling arrangement
may further be configured to draw or otherwise collect a fluid sample from the sampling site.
Additionally, vacuum, pressure, and/or heat may be applied to the sampling site before, during,
or after the sampling arrangement collects the fluid sample. In variations where vacuum is
applied to the sampling site, the amount of vacuum may be varied or otherwise modulated, as
will be described in more detail below. Additionally or alternatively, in some variations the
sampling site may be mechanically stimulated using vibrations, massage, or the like. As the

fluid sample is collected, the meter may analyze the fluid sample, as will be described in more

11
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detail below. Analysis of a fluid sample may include determining the concentration of one or
more target analytes (e.g., glucose) in the fluid sample. In some variations, the meter may be
configured to determine whether the fluid sample collected by a sampling arrangement is a
control sample. The meters described here may comprise one or more imaging systems which
may image one or more portions of the sampling arrangement during analysis of the fluid
sample. Specific meter components, and methods for using these meters, will be described in

more detail below.

Cartridge

[0046]  As mentioned above, the meters described here may comprise one or
more cartridges. Generally, the cartridge may engage, fit within, and/or attach to a meter
housing, and may comprise one or more sampling arrangements housed within one or more
cartridge cells. As will be described in more detail below, the sampling arrangements may
comprise specific components for obtaining, transporting and/or reacting with a fluid sample.
Any reactions that occur between sampling arrangement and the fluid sample may be quantified
or measured by one or more portions of the cartridge or the meter housing (e.g., an imaging
system), as will be described in more detail below. The cartridge may be removable from the
meter, or may be integrated into the meter. When the cartridge is removable from the meter, it
may or may not be configured to be disposable. In some variations, one or more portions of the
cartridge may be reusable. For example, a cartridge containing one or more unused sampling
arrangements may be loaded into the cartridge to allow the meter to conduct additional testing

procedures.

[0047]  Any suitable cartridge may be used with the meters described herein. For
example, in some variations, the meter may comprise one or more of the cartridges described in
U.S. Patent Application Serial Nos. 11/529,614, titled “MULTI-SITE BODY FLUID
SAMPLING AND ANALYSIS CARTRIDGE,” and 12/222,724, titled “ANALYTE
CONCENTRATION DETECTION DEVICES AND METHODS,” the contents of each is
hereby incorporated by reference in its entirety. FIGS. 2A-2D illustrate one variation of
cartridge (200) suitable for use with the meters described herein. Specifically, FIGS. 2A and 2B
show bottom perspective and cross-sectional views, respectively, of cartridge (200). FIGS. 2C

and 2D show a top perspective view, and a partial-top perspective view, respectively of cartridge

12
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(200). As shown in these figures, cartridge (200) may comprise a housing (202) that may be
divided into a plurality of separate cells, such as cells (204). One or more of the cells (e.g., cells
(204)) may comprise one or more sampling arrangements (206), such as one or more of those
described in more detail below. Cartridge (200) may comprise a recess (207) extending at least
partially through the cartridge housing (202). One or more portions of a meter housing may
extend at least partially through the recess (207) to engage the cartridge (200), as will be
described in more detail below. Housing may also comprise teeth (209), which may engage a
portion of the meter housing (not shown) to help align and move the cartridge relative to the
meter housing, as will be described in more detail below. Additionally, at least a portion of
cartridge may be sealed, covered, or otherwise masked by one or more sections of covering
material (208), as shown in FIG. 2A. Covering material (208) is not shown in FIGS. 2B-2D so

as to allow for better illustration of the remaining components of the cartridge (200).

[0048]  While shown in FIG. 2C as being formed from two separate pieces (top
segment (203) and bottom segment (205)), it should be appreciated that housing (202) may be
made from any suitable number of separate pieces (e.g., one, two, three, or four or more). FIG.
2D shows cartridge (200) with a top segment (203) of the housing (202) removed, revealing the
plurality of sampling arrangements (206).

[0049]  While shown in FIGS. 2A-2D as comprising a plurality of sampling
arrangements (206), the cartridge may house only a single sampling arrangement (206) if
desirable. In these variations, the cartridge may be configured to run a single testing procedure,
at which point the cartridge may be removed and replaced with an unused cartridge, as will be
described in more detail below. In variations where the cartridge (200) comprises a plurality of
sampling arrangements, the cartridge may comprise any suitable number (e.g., two, three four,
five, six, seven, eight, nine, ten, eleven, or twelve or more) of sampling arrangements. Different
sampling arrangements within the cartridge may comprise the same elements and the same
configuration of elements, or may comprise different elements or different element
configurations. For example, some sampling arrangements in a cartridge may be configured to
react with and allow for the measurement of a first analyte concentration in a fluid sample, while
other sampling arrangements may be configured to react with and allow for the measurement of

a second analyte. In other instances, some sampling arrangements may be actuated or moved by
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a torsional spring, while other sampling arrangements may be actuated or moved by a linear
spring or leaf spring. Additionally or alternatively, one or more sampling arrangements may be

actuated by an electromechanical or pneumatic actuator.

[0050]  Additionally, while each sampling arrangement (206) shown in FIGS. 2A-
2D is housed in a separate cell (204), it should be appreciated that in some instances multiple
sampling arrangements may be placed in a single cell. For example, in some variations it may
be desirable to obtain and analyze two or more fluid samples simultaneously. Furthermore,
some cells may not house or otherwise comprise a sampling arrangement. For example, one or
more cells may be configured to hold, house, or otherwise contain one or more memory units, an
optical reference (e.g., one or more colored members), a desiccant, a sensor for determining
exposure to the external environment, or the like. While shown in FIGS. 2A-2D as being
substantially cylindrical, the cartridges described here may have any suitable shape. In some

variations, the cartridge may be box- or disc-shaped.

[0051]  The cells of the cartridge may comprise one or more walls. For example,
as shown in FIG. 2B, cell (204) may comprise outer perimeter wall (210) in an outer perimeter
surface (211) of the cartridge, inner perimeter wall (212) in a perimeter surface (213) of recess
(207), top wall (216) in a top surface (217) of the cartridge, bottom wall (214) in a bottom
surface (215) of the cartridge, and side walls (218) separating adjacent cells (204). In some
variations, one or more of the walls may include one or more apertures or holes therethrough,
which may allow access to the interior of the cartridge cell (204) (or may allow one or more
elements of the sampling arrangement to exit the meter). For example, as shown in FIGS. 2A-
2C, the outer perimeter wall (210) of each cell (204) may comprise an aperture (220). One or
more portions of the sampling arrangement (206) may pass through aperture (220) during a
testing procedure. Additionally or alternatively, the bottom wall (214) of a cell (204) may
comprise one or more apertures, such as aperture (222) shown in FIG. 2B. In some variations, a
portion of one or more vacuum sources or trigger mechanisms (not shown) may be advanced
into a cell (204) through aperture (222) to apply vacuum pressure to the cell and/or to engage the
sampling arrangement. Additionally or alternatively, the top wall (216) of a cell may comprise

one or more apertures, such as aperture (224) shown in FIG. 2C. In some variations, one or
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more side walls (218) of a cell (204) may comprise an aperture (not shown), which may allow

for gaseous communication between adjacent cells.

[0052]  As mentioned above, one or more desiccant pieces may be packaged with
and/or inside of the cartridge. The desiccant may help absorb moisture inside of the cartridge,
which may help increase the shelf life of the cartridge by minimizing interaction between any
moisture and one or more reagents or other chemicals housed in the cartridge. In some
variations, one or more portions of the cartridge housing may be made from a desiccant material.
In variations where the cartridge comprises a plurality of cells, one or more pieces of desiccant
may be placed in one or more of the cartridge cells. In variations where one or more cartridge
cells comprise a sampling arrangement, a piece of desiccant may be placed in the same cell as a
sampling arrangement. In other variations, a piece of desiccant may be placed in a cell that does
not comprise a sampling arrangement. In some of these variations, one or more apertures may
connect a cell that comprises a sampling arrangement with a cell that holds a piece of desiccant,
thereby providing gaseous coupling between the desiccant and the sampling arrangement. For
example, in the variation of cartridge (200) described above in respect to FIGS. 2A-2D, one or
more desiccant pieces (230) may be placed inside of a cartridge cell (232) via aperture (224).
An aperture (not shown) may gaseously couple cell (232) and an adjoining cell (204) containing
a sampling arrangement (206), which may allow the one or more desiccant pieces (230) to draw
moisture from cell (204) into cell (232), where is may be absorbed by the one or more desiccant

pieces (230).

[0053] In some variations each desiccant-containing cell (232) may be gaseously
coupled to a single sampling arrangement-containing cell (204). In these variations, exposure of
a single sampling arrangement-containing cell (204) to the environment (e.g., during a testing
procedure, as will be described in more detail below) may allow other cells (204) to remain
isolated from the environment. In other variations, a desiccant-containing cell (232) may be

coupled to multiple sampling arrangement-containing cells (204).

[0054] In some variations, one or more portions of a cell wall may be transparent,
which may allow the portion of the cell to act as a viewing window. These viewing windows
may be made from any suitable transparent material or materials (e.g., glass, plastic, etc.), and

may allow for visualization of the interior of the cartridge by an imaging system, such as those

15



WO 2013/020103 PCT/US2012/049629

described in more detail below. In some variations, only a portion of a wall may be made from a
transparent material. In other variations, an entire wall may be made from a transparent material
or materials, and thus the entire wall may act as a viewing window. Any suitable cell wall or
walls may act as a viewing window (e.g., a top wall, a bottom wall, and/or a perimeter wall). In
other variations, one or more apertures in a cell wall may allow for visualization of the interior
of the cartridge by an imaging system. In variations where an aperture is covered by one or
more covering materials (as described immediately below), it may be necessary to first remove
the covering material from the aperture for it to be used as a viewing window. In other
variations, a covering material may be transparent, which may allow for visualization through

the covering material.

[0055]  Although shown in FIG. 2A above as comprising one or more sections of
a covering material (208), cartridge (200) need not. In variations that do comprise a covering
material, the covering material may be used to cover one or more surfaces and/or apertures of
the cartridge housing (200). When the covering material covers the apertures of a cell, the
covering material may act to form a temporary barrier between the external environment and the
cartridge interior, thereby temporarily sealing the cartridge cell. By sealing the individual cells
from the external environment, covering material may help prevent or minimize the risk of
external stimuli (e.g., gases, moisture, etc.) affecting the shelf life of or contaminating one or
more portions of the sampling arrangement. Additionally, the covering material may be used to
trap one or more gases (e.g., a nitrogen-based gas or mixture) inside of the cartridge cells, which
may increase the shelf life of the sealed cartridge. The covering material may at least
temporarily cover any surfaces and/or apertures of the cartridge. For example, in the variation of
cartridge (200) shown in FIG. 2A, covering material (208) may cover the top surface (217),
outer perimeter surface (211) and bottom surface (215) of the cartridge, including apertures
(220), (222), and (224) in these surfaces. In this variation, at least a portion of the transparent
inner perimeter walls (212) may remain uncovered to allow visualization therethrough.
Alternatively, the transparent inner perimeter walls (212) may be covered by a transparent

covering material (not shown).

[0056] Covering material (208) may be made from any suitable material or

materials (e.g., a metal foil such as aluminum, steel, or the like, a plastic membrane such as ethyl
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vinyl acetate, polyethylene, polyester, or the like, combinations or composites thereof, and the
like), and may be attached to a cartridge in any suitable manner (e.g., one or more adhesives,
such as a pressure-sensitive or heat-sensitive adhesive). The covering material may be made
from a single or multiple layers of material. In variations in which the covering material is a
multi-layered covering, the various layers may be made from different materials, but need not
be. In some variations, one or more portions of the covering material may be substantially
opaque or otherwise impervious to light. In these variations, the light-blocking covering
material may help the meter assess the integrity of the seal provided by the covering material, as
will be described in more detail below. Additionally, in some variations a single piece of
covering material may be used to cover the cartridge. In other variations, different pieces of
covering material may be used to cover different surfaces (or portions thereof) of the cartridge.
For example, in some variations a first piece of covering material may cover a bottom surface, a
second piece may cover an outer perimeter surface, and a third piece may cover a top surface of
the cartridge. In some of these variations, the different pieces of covering material may be the
same material or may be different materials. For example, in some variations a first piece of
covering material covering a bottom surface of the cartridge may include a first layer comprising
low density polyethylene (LDPE) and a second layer comprising a metal foil (e.g., aluminum
foil), while a second piece of covering material covering an outer perimeter surface may include
a first layer comprising ethyl vinyl acetate and a second layer comprising a metal foil (e.g.,
aluminum foil). In still other variations, different pieces of covering material may seal different

cartridges.

[0057]  During operation of the meter, one or more portions of the covering
material may be punctured, moved, or otherwise removed to facilitate sampling and/or analysis
of a fluid sample. For example, removal of the covering material overlying an aperture may
present an unimpeded path for a portion of a sampling arrangement to pass through the aperture.
In the variation of cartridge (200) shown in FIG. 2A, a portion of covering material (208)
overlying aperture (220) has been removed/punctured to provide access to the interior of
cartridge (204). In variations where a portion of the covering material is removed to provide
access to interior of a cartridge, the covering material may be configured to aid in removal. For
example, in some variations, the covering material may comprise a first layer comprising ethyl

vinyl acetate and a second layer comprising a metal foil (e.g., aluminum). In these variations,
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the ethyl vinyl acetate may facilitate breaking or rupturing of the covering material as it is
punctured or otherwise removed (e.g., via a punch, as will be described in more detail below).
In other instances, a portion of a sampling arrangement may pierce or puncture the covering

material upon activation of the sampling arrangement.

[0058] In still other instances, one or more vacuum tubes or triggering
mechanisms may puncture the covering material to gain access to the interior of a cell. In some
of these variations, the covering material may comprise one or more materials which may act to
form a seal around a vacuum tube or a triggering mechanism when the tube or mechanism
punctures the covering material. For example, in some variations, one or more apertures may be
covered by a covering material that may comprise a first layer comprising low density
polyethylene (LDPE) and a second layer comprising a metal foil (e.g., aluminum foil). In these
variations, the elastic nature of the LDPE may seal around a vacuum tube or triggering

mechanism as it punctures the covering material.

[0059] In some variations, a cartridge may be configured to carry information
relating to the cartridge or one of the components thereof. The cartridges may carry any suitable
information (e.g., calibration codes, batch information, expiration information, and the like) in
any suitable manner. For example, in the variation of cartridge (200) shown in FIG. 2A,
cartridge (200) may comprise one or more barcodes (226). In these variations, the meter
housing (not shown) may comprise one or more barcode scanners/readers. In variations where
the cartridges are cylindrical or have an otherwise rounded cross-sectional area, the cartridge
may be rotated to facilitate reading the barcode. In other instances, the meter housing may be
configured to move the cartridge into a position where the barcode may be read. The cartridge
may comprise any suitable number of barcodes (e.g., zero, one, two, three, or four or more

barcodes).

[0060]  While shown in FIG. 2A as comprising a barcode (226), cartridge (200)
need not. In some variations, the cartridge may comprise one or more memory chips or cards,
which may convey information to the meter housing, such as, for example, through RF
transmission, optical communication, or via direct electrical communication. In these variations,
the meter housing may be further configured to upload/input data or other information into the

cartridge memory. For example, the meter housing may upload date information in the cartridge
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relating to the first use of said cartridge. In this way, if the cartridge is placed in a different
meter housing, the new meter housing may download the first usage date of the cartridge. This
may be of particular relevance in instances where a cartridge has a limited shelf life after its first
usage, or after removal from a sterile packaging. In other variations, a separate memory card or
chip may be packaged and/or provided with the cartridge. This memory card or chip may be
inserted into a portion of the meter to convey information to the meter. In still other variations, a

user or physician may manually enter information regarding the cartridge into the meter.

[0061]  While cartridge (200) discussed above in relation to FIGS. 2A-2D
comprises multiple sampling arrangements, it should be appreciated that a cartridge may
comprise a single sampling arrangement. For example, FIGS. 13A-13C depict an illustrative
variation of a cartridge (1300) comprising a single sampling arrangement (1302). FIGS. 13A,
13B, and 13C show a side, cross-section view of a single sampling arrangement (1302) in a
loaded position, an extended position, and a rest position, respectively. While shown in FIG.
13A as having a covering material (1384), the cartridge need not. In variations of cartridges that
do comprise a covering material (1384), one or more portions of the covering material (1384)
may be removed and/or punctured during operation of the device. Cartridge (1302) may be
loaded into a cartridge-receiving chamber of a meter housing (not shown), such as one or more
of the meter housings described hereinthroughout. When placed inside of a meter housing, the
cartridge (1302) may be positioned relative to an imaging system (1380) such that an interior of
the cartridge (1302) may be viewed through a transparent window (1382), as described in more

detail below.

[0062]  While sampling arrangement (1302) is shown in FIGS. 13A-13C as
having a hub (1390), penetration member (1388), and linear spring (1386), it should be
appreciated that sampling arrangement (1302) may have any elements or combinations of
elements as will be described in more detail below. When cartridge (1302) is in place within the
meter housing, the meter may comprise one or more triggering mechanisms that may activate
sampling arrangement (1302). In the variation shown in FIGS. 13A-13C, one or more trigger
pins (1320) may press against one or more latches (1322) of hub (1390) to actuate the sampling
arrangement (1302), which may move from a loaded position as shown in FIG. 13A to an

extended position as shown in FIG. 13B, and eventually to a rest position in FIG. 13C. The
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sampling arrangement (1302) may be configured to collect a fluid sample when in the extended
and/or rest positions, and the fluid sample may be analyzed (e.g., visualization of the sampling
arrangement (1302) by the imaging system (1380) before, during, and/or after collection of the
fluid sample may assist in analysis of the fluid sample). Following collection and/or analysis of
the fluid sample, the cartridge (1302) may be removed from the meter housing, and a fresh

cartridge with an unused sampling arrangement may be placed in the meter housing.

[0063] It should be appreciated that the cartridges suitable for use with the meters
described here may comprise any combination of elements or features described above, and may
comprise any sampling arrangements or combination of sampling arrangements described

below.

Sampling Arrangements

[0064]  The cartridges described above generally comprise one or more sampling
arrangements for obtaining, transferring, and/or reacting with one or more fluid samples. Any
suitable sampling arrangements may be used with the meters described here, such as those
described in U.S. Patent Application Serial No. 11/529,614, titled “MULTI-SITE BODY FLUID
SAMPLING AND ANALYSIS CARTRIDGE,” the content of which is hereby incorporated by
reference in its entirety. Generally, the sampling arrangements may comprise one or more
penetration members for piercing, puncturing or otherwise penetrating a sampling site (e.g., a
skin surface) and/or collecting a fluid sample from the sampling site. The sampling arrangement
may further comprise a hub or other structure for moving the penetration member relative to the
cartridge. Additionally, the sampling arrangement may comprise a quantification member,
which may react with the fluid sample to produce a measurable response (e.g., an
electrochemical or photometric response) that may be indicative of one or more properties of the

fluid sample.

[0065]  FIGS. 3A-3E illustrate a variation of a sampling arrangement (300)
suitable for use with the meters described here. FIGS. 3A and 3B show a side view and an
exploded perspective view, respectively, of sampling arrangement (300). Shown there are hub
(302), needle (304), standoff (305), pad (306), cap (308), and torsional spring (310). Hub (302)
may comprise latch (312), pivot bars (314), and a micropatterned surface (316). In this
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variation, hub (302) may hold needle (304) such that an interior bore (317) of the needle is in
fluid communication with micropatterned surface (316). Pad (306) or another quantification
member may be placed on micropatterned surface (316), and cap (308) may be placed at least
partially over pad (306) to hold the pad (306) in place against the micropatterned surface (316).
Cap (308) may comprise an aperture (318) or other viewing window through which the pad

(306) may be viewed.

[0066] In the variation of sampling arrangement (300) described immediately
above, hub (302) may be configured to rotate relative to a cartridge cell (322). FIGS. 3C-3E
illustrate a method by which sampling arrangement may rotate relative to a cartridge cell (322).
When positioned inside of cartridge cell (322), pivot bars (314) may engage one or more
portions of the cell (322) such that the pivot bars (314) may rotate relative to the cartridge, but
are otherwise held in place. As such, pivot bars (314) may act as a pivot point around which the
rest of the sampling arrangement (300) may rotate. Indeed, the sampling arrangement (300) may
rotate between a cocked/pre-fired position, an extended position, and a resting position, as
shown in FIGS. 3C-3E, respectively. It should be appreciated that an imaging system of the
meter may visualize or otherwise image one or more portions of the sampling arrangement (300)
(e.g., pad (306)) when the sampling arrangement is in a stationary position, or as the sampling

arrangement (300) moves between some or all of these positions.

[0067]  When in a pre-fired position, the torsional spring (310) may be positioned
such that it is compressed/wound, as shown in FIG. 3C. In this way, the spring may store energy
that may later be used to drive the sampling arrangement (312). It should be appreciated that in
some instances a spring may be stretched or bent instead of compressed. A latch (312) or
similar structure may engage a portion of the cell (322), thereby temporarily locking the
sampling arrangement (300) in place. During a testing procedure, a trigger mechanism or
similar mechanism, as will be described in more detail below, may disengage latch (312) or
otherwise release the sampling arrangement so that it is free to move. Torsional spring (310)
may then decompress/unwind to rotate hub (302) around pivot bars (304). The hub may then
rotate hub forward around the pivot point provided by the pivot bars (304) such that the
sampling arrangement (300) enters an extended position, as illustrated in FIG. 3D. In this

position, the sampling arrangement may be positioned such that a needle (304) or other

21



WO 2013/020103 PCT/US2012/049629

penetration member of the arrangement may pierce, penetrate or otherwise puncture a sampling
site (not shown) to collect a fluid sample (not shown). In some instances, needle (304) may
extend through an aperture (326) of cell (322) when in an extended position, but need not. Hub
(302) may rotate back and forth harmonically, eventually coming to rest at a resting position, as
shown in FIG. 3E. Because pivot bars (314) act as a pivot point around which the sampling
arrangement may rotate, a needle (304) may follow a fixed path during rotation. Additionally,
the sampling arrangement and/or cartridge may comprise one or more protrusions or other
elements that may help limit return rotation of the hub (302), as will be described in more detail
below. As shown in FIG. 3E, the needle (304) may be entirely contained within the cartridge
cell (322) when in the resting position, which may help minimize the risk of accidental needle

sticks following a testing procedure.

[0068]  While sampling arrangement (300) is shown in FIGS. 3A-3E as being
configured to rotate relative to the cartridge, it should be appreciated that the sampling
arrangements described here may be configured to move in any suitable manner relative to the
cartridge. For example, in some variations, a sampling arrangement may be configured to slide
or otherwise move in a linear fashion relative to the cell. In some of these variations, a portion
of the sampling arrangement (e.g., a hub) may comprise one or more protrusions (e.g., a
protrusion similar to pivot bars (314) described above), which may be configured to slide or
move within one or more tracks in the cartridge cell. The tracks may be straight to provide a
linear path for the sampling arrangements, or may be curved/zig-zagged to provide for multi-
dimensional movement of the hub. In some of these variations, the protrusions may have a non-
circular or non-rounded cross-section profile (e.g., rectangular, square, or the like), which may
allow the protrusion to slide within a track but may prevent rotation of the protrusion relative to
the track. Additionally or alternatively, the sampling arrangement may comprise two or more
protrusions disposed in a single track, which may also help to prevent rotation of the sampling
arrangement relative to the cartridge. Conversely, it should be appreciated that the cartridge
may comprise one or more protrusions/pivot bars, and the sampling arrangements may comprise

one or more tracks which may slide along and/or rotate around the protrusions.

[0069]  While sampling arrangement (300) is shown in FIGS. 3A-3E as

comprising a torsional spring (310), it should be appreciated that the sampling arrangement
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(300) may be moved by any suitable mechanism during a testing procedure. For example, in
some variations the sampling arrangements may comprise one or more springs (€.g., a torsional
spring, a linear spring, a leaf spring, a conical spring or the like). In these variations, the springs
may be held in a compressed or stretched configuration, the stored energy from which may act to
slide, rotate, or otherwise move one or more portions of the sampling arrangement when
released. In other variations, one or more one or more actuators may slide, rotate, or otherwise
move the sampling arrangement relative to the cartridge. For example, in some variations a
mechanically-driven arm may temporarily engage a portion of the sampling arrangement (e.g.,

the hub) to slide, rotate, or otherwise move the sampling arrangement.

[0070]  As mentioned above, the sampling arrangements described here may
comprise one or more penetration members for facilitating collection of a fluid sample. The
penetration member may be any suitable structure capable of piercing, puncturing, or otherwise
penetrating a sampling surface. For example, in some variations the penetration member may
comprise a hollow needle or microneedle. The needle may have any suitable outer diameter
(e.g., about 300-600 um, about 500 pum, etc.) or gauge (20-25, 26-36, etc.), and any suitable
inner diameter (e.g., about 25-250 pm). In some variations, the hollow needle may be
configured to collect and transport a fluid sample through the bore of the needle. In some
instances, the diameter of the bore is sufficiently small to draw fluid into the needle by capillary
action. In other variations, the penetration member may comprise a solid lancet. In these
variations, the lancet may comprise one or more channels/microchannels on a surface thereof for
transporting a fluid along a surface thereof. The penetration members described here may be
made of any suitable material or combination of materials (e.g., one or more metals, plastics,
glasses, or the like), and may additionally comprise one or more coatings (e.g.,
polydimehtylsiloxane, Silwet™, or the like) and/or surface texturing to help promote fluid flow
relative to the penetration member. In some variations, one or more coatings may comprise
heparin or another anticoagulant to help prevent blood from clotting in or on the penetration

member.

[0071]  As mentioned above, the sampling arrangement may comprise one or
more standoffs, such as standoff (305) shown in FIGS. 3A-3E. The standoff may be attached to

and/or at least partially circumscribe a portion of the penetration member (e.g., a needle or solid
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lancet). A standoff may serve a number of useful functions. In some variations, the standoff
may act to help block light from entering a cartridge cell. For example, in the variation of
sampling arrangement (300) described above, when sampling arrangement (300) is placed in an
extended position or a resting position (as shown in FIGS. 3D and 3E respectively), the standoff
(305) may at least partially block or cover aperture (326). In this way, standoff (305) may
substantially prevent light from entering the cartridge cell, which may help to minimize stray
light from entering the optical system of the meter. In some variations, standoft (305) may be
made from a matte or light-absorbing material that helps prevent light from reflecting off

standoff (305) into the cartridge.

[0072] In other instances, the standoff (305) may aid in collection of a fluid
sample. Specifically, in some variations at least a portion of the standoff (305) may be concave.
During a testing procedure, a user may apply a portion of a fluid sample to the concave surface
of the standoff (305) (e.g., by milking a drop of blood onto the standoff). The fluid may
naturally settle to the bottom of the concave surface, where it may enter a lumen (not shown) of
needle (304). The standoff may further comprise one or more grooves or channels, and/or one

or more hydrophobic coatings to help direct blood toward needle (304)

[0073] In still other instances, the standoff (305) may affect or control the depth
and/or rate of penetration of a sampling site during a testing procedure. As the penetration
member pierces a sampling site during a testing procedure, the standoff may engage the
sampling site to prevent further advancement of the penetration member. It should be
appreciated that in some instances, the depth of penetration will be naturally controlled and/or
limited by the movement path of the sampling arrangement. In some variations, the standoff
may act to limit the penetration depth of the penetration member. In some of these variations,
the standoff may be made of a compressible material, which may compress against skin during
penetration. This compression may help slow the penetration member as it penetrates a
sampling site, which may help to reduce pain associated with the penetration of the penetration
member. Additionally, energy stored in the compressed standoff may push against the sampling
site, and may increase the speed at which the penetration member exits tissue. Additionally or
alternatively, the standoff may be slidable relative to the penetration member. In these

variations, the standoff may come into contact with the skin during penetration, which may
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cause the standoff to slide relative to the penetration member. One or more frictional forces that
may result from the relative movement between the standoff and the penetration member may
act to limit or resist forward movement of the penetration member. It should also be appreciated
that contact between the standoff and the skin may stimulate a larger area of pressure-sensing
neurons, which may inhibit the transmission of pain signals from pain-sensing neurons, thereby

reducing pain associated with penetration.

[0074]  In variations where a spring is configured to rotate the sampling
arrangement relative to a cartridge, one or more portions of the sampling arrangement (e.g., the
hub) and/or cartridge may be configured to limit the rotation of the sampling arrangement. In
some of these variations, one or more portions of the sampling arrangement and/or cartridge may
be configured to limit forward rotation of the sampling arrangement. In variations in which a
sampling arrangement comprises a standoff, the standoff may help to limit and/or control the
forward rotation of the hub, as described immediately above. In other variations, one or more
portions of the hub may interact with a portion of the cartridge to limit and/or control forward
rotation of the hub. Additionally or alternatively, in other variations, one or more portions of the
sampling arrangement and/or the cartridge may prevent rearward rotation of the sampling
arrangement. For example, in some variations, a sampling arrangement may comprise one or
more stops that may interact with one or more protrusions or other portions of a cartridge cell to
prevent rearward rotation beyond the point of interaction. Specifically, when a sampling
arrangement is in the cocked position, a stop may bend or flex protrusion away from an initial
configuration. When fired, the stops may temporarily disengage the protrusion, which may
straighten or otherwise reconfigure to enter some or all of the space previously occupied by the
stops. The protrusion may then block a portion of the return path of stops, thereby limiting
rearward rotation. Additionally or alternatively, one or more of the stops may be bent or flexed
when a sampling arrangement is in a cocked position, and may straighten after firing. Similarly,
the return path of the unbent stops may be blocked by the cartridge protrusion to prevent
rearward rotation. Although the sampling arrangement may be configured to have a limited
range of rotation, the sampling arrangement may be configured to stop at a resting position at
one of the rotational limits, or between the rotational limits (e.g., such that the penetration

member comes to rest in or directly over the puncture wound. It should also be appreciated that
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in variations where a sampling arrangement is moved in a linear direction, the sampling

arrangement and/or cartridge may be configured to limit and/or control this linear movement.

[0075] In some variations, the sampling arrangement may be configured to
transfer the fluid sample from one portion of the sampling arrangement to another portion of the
sampling arrangement. For example, in the variation of sampling arrangement (300) described
above, a fluid sample captured by needle (304) may pass through a bore of the needle (e.g., by
capillary action) to a micropatterned surface (316) of the hub (302). This surface (316) may
comprise one or more grooves, channels, and or fluid pathways for drawing the fluid sample
from the needle bore and spreading it across surface (316). These surfaces may help to provide
quick and even wetting of a quantification member (e.g., pad (306)). For example, in some
variations the sampling arrangement comprises a reagent/assay pad that is configured to react
with the fluid sample. In some of these variations, the rate at which the fluid sample spreads
across the pad may be slow relative to the reaction rate between the fluid sample and the
reagent(s). As such, the reaction at one point of a pad may be complete before blood may reach
another portion of the pad. In some instances, it may be desirable for the fluid sample to be
spread across the reagent quickly, so as to allow the reaction to occur at a similar time in
different portions of the pad. This may be desirable in instances where analysis of a fluid
sample comprises measuring a rate of reaction between the fluid sample and the pad. A
micropatterned hub surface may help to spread the fluid sample across the surface of a
quantification member more quickly. In some variations (as will be described in more detail
below), the micropatterned hub surface may be configured to spread fluid across the surface
prior to contacting a quantification member. In some of these variations, the fluid sample may
contact different portions of the reagent pad simultaneously. In others of these variations, the
fluid sample may directionally wet the reagent pad (e.g., from one side of a quantification

member to a different side of a quantification member).

[0076]  As mentioned above, the surface may comprise one or more grooves,
channels, and or patterned fluid pathways for drawing the fluid sample from the needle bore and
spreading it across the surface. These fluid pathways may provide less resistance to fluid flow,
and thus the fluid may travel along these paths, where they may be absorbed by different
portions of the pad. Additionally, depending on the size and spacing, the fluid pathways may be
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configured to actively draw fluid by capillary action, which may increase the speed or degree to
which the fluid is drawn from the needle. The patterned surface may comprise any suitable
configuration. In some variations, the surface may comprise one or more grooves or channels,
such as those described in U.S. Patent Application Serial No. 11/239,123, titled “DEVICES
AND METHODS FOR FACILITATING FLUID TRANSPORT,” the content of which is

hereby incorporated by reference in its entirety.

[0077]  FIG. 4 illustrates one variation of a sampling arrangement (400)
comprising a hub (401) having a patterned surface. As shown there, hub (401) may comprise a
lower surface (402), an upper surface (404), a plurality of posts (406) extending from the lower
surface (402), and a channel (407) in the upper surface (404). When a quantification member
(e.g., areagent pad) is placed on hub (401), the quantification member (not shown) may rest on
the upper surface (404) and/or the tops of posts (406). The posts (406) may be positioned such
that spacing between the posts creates a capillary action that draws fluid from a fluid source
(408) (e.g., the bore of a needle) from an inlet (410) and spreads the fluid across the lower
surface (402). For example, in some variations the spacing between adjacent posts may be
between about 0.002 and about 0.005 inches). The capillary action created by the posts creates a
plurality of flow paths, and because these fluid flow paths are interconnected, blocking the space
between two adjacent posts (406) (e.g., with the pad or other debris) may not substantially alter
the ability of hub (401) to wick the fluid, as the sample may take one or more alternate paths to

reach the same destination.

[0078]  In some variations, the patterned surface may be configured to draw a
certain amount of fluid into the patterned surface prior to contacting the fluid. For example, in
the variation of patterned surface of hub (401) shown in FIG. 4, posts (402) may be of a
sufficient height (e.g., about 0.005 inches) to allow fluid to spread across the lower surface (402)
without contacting a quantification member (e.g., a reagent pad). Once the fluid sample has
spread across the lower surface (402), the fluid level may rise until it reaches the level of the
quantification member. At this point, the fluid sample may contact different portions of the
quantification member substantially simultaneously, which may result in a more consistent and
easily-measured reaction. Additionally, in some variations, lower surface (402) may be

configured to collect a certain volume of fluid (e.g., an amount sufficient to complete a reaction
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with the quantification member) before the fluid contacts the quantification member. If an
insufficient sample size is collected, fluid will not reach the quantification member (and thus no
reaction will occur), at which point the meter may be configured to alert the user to apply

additional fluid to the sampling arrangement.

[0079]  As shown in FIG. 4, the fluid source (408) may be centrally positioned
relative to the lower surface (402). In these variations, the fluid may be configured to spread out
in a radial manner. In other variations, the fluid source may be located toward one end of the
surface, and may be configured to draw fluid directionally away from the fluid source. The
patterns described above may be formed in any suitable manner, such as, for example, molding,
laser ablation, electrode-discharge machining, etching, or another suitable micro-machining
technique. Additionally, the micropatterned surface may comprise one or more coatings, such

as, for example, a heparin coating, a surfactant coating, a wetting agent, combinations thereof, or

the like.

[0080]  When a quantification member is placed over a patterned surface, gas may
be trapped under the quantification member such that it is contained within the flow paths of the
patterned surface. As a fluid sample is introduced to the patterned surface via a fluid source
(e.g., the bore of a needle, as describe above), this trapped gas may impede the capillary action
of otherwise affect the fluid flow along one or more flow paths of the patterned surface, which
may further affect the ability of a fluid sample to reach and react with the quantification
member. Accordingly, in some variations of the devices described here, one or more portions of
the pattern surface may be fluidly connected to one or more vents or gas-collection regions. For
example, in the variation of hub (401) described above in relation to FIG. 4, channel (407) in the
upper surface (404) provide a flow path into which trapped gas may be pushed as fluid spreads
across the lower surface (402). In some of these variations, gas may be able to pass through
channel (407) and out of the sampling arrangement (400). For example, in some variations
when a cap (not shown) is placed over the quantification member to hold it in place, the cap may
be configured such that gas may flow from the patterned surface, through the channel, and past
the cap (e.g., through one or more channels or holes in the cap, or through a space between the
hub and the cap). In other variations, gas may not be able to travel past the cap, and thus gas

may be collected in channel (407).
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[0081] It should be appreciated that while shown in FIG. 4 as having a single
channel (407), the hub (401) may comprise any suitable number of channels (e.g., zero, two,
three, or four or more). Variations with multiple channels may find particular utility in instances
where one or more channels becomes clogged by debris or is otherwise blocked such that gas
cannot be collected therein and/or flow therethrough. Additionally, while shown in FIG. 4 as
having one fluid inlet (410) connected to the fluid source (408), the hub (401) may comprise any

suitable number of inlets

[0082]  FIGS. 22A and 22B depict a perspective view and a top view,
respectively, of a portion of a variation of a sampling arrangement (2200) comprising a hub
(2202). As shown there, hub (2202) may comprise a patterned surface having a lower surface
(2201), an upper surface (2203), and comprising a plurality of posts (2204), first (2206) and
second (2208) fluid inlets connected by flow diverters (2210), and channels (2212). The first
(2206) and second (2208) inlets and flow diverters (2210) may surround a bore (2214). The
bore (2214) may be fluidly connected to a skin-penetration member, such that a fluid sample
collected by the skin-penetration member may be delivered to the bore (2214). The flow
diverters (2210) may be constructed and positioned such that the diameter of the bore increases
between the lower surface (2201) and upper surface (2203). As the diameter of the bore
increases, the capillary forces created by the bore (2214) decrease, which may promote the
lateral spread of fluid. By promoting lateral spread of fluid, the hub may be configured to
collect a certain amount of fluid prior to the fluid level reaching a quantification member (such
as a reagent pad). Similarly, the first and second fluid inlets may get wider between the lower
surface (2201) and the upper surface (2203), which may also promote the lateral spread of fluid.
As described in more detail above, the posts (2204) may be positioned relative to the first (2206)
and second (2208) fluid inlets to provide capillary flow around the posts (2204), such as
described in more detail above. In some variations, the posts (2204) may decrease in diameter
between the lower surface (2201) and upper surface (2203) which may promote lateral flow as

described immediately above.

[0083] FIGS. 17A and 17B depict a perspective view and a top view,
respectively, of a portion of another variation of a sampling arrangement (1700) comprising a

hub (1702). As shown there, hub (1702) may comprise an upper surface (1704), a bore (1706), a

29



WO 2013/020103 PCT/US2012/049629

plurality of fluid channels (1708) and flow diverters (1701). As shown there, each fluid channel
(1708) may be positioned between two adjacent flow diverters (1701) and may include a ramped
surface extending between the bore (1706) and the upper surface (1704). The fluid channels
(1708) may provide capillary forces to draw fluid from the bore (1706) and deliver it to a
quantification member (e.g., a reagent pad) that can be positioned over the fluid channels (1708)
and flow diverters (1701) and rest at least partially on the upper surface (1704). The fluid
channels (1708) may increase in width between the bore (1706) and the upper surface (1704) (as
the fluid channel (1708) becomes shallower). As the width of the channel (1708) increases, the
capillary forces provided by the channel (1708) may decrease. This may encourage each of the
fluid channels (1708) to fill equally, which may result in a more uniform delivery of fluid to the

quantification member.

[0084] In the variation of hub (1702) shown in FIGS. 17A and 17B, the flow
diverters (1701) may include a first plurality of flow diverters with upper surfaces (1710) that
are parallel with the upper surface (1704) of the hub (1702) and a second plurality of flow
diverters with upper surfaces (1710) that are angled downward toward the bore (1706). The
quantification member (not shown) may rest on the upper surfaces (1710) of the first plurality of
flow diverters (which may help prevent the quantification member from bowing in towards bore
(1706), while the second plurality of flow diverters may allow fluid to reach a larger area of the
reagent pad. It should be appreciated, however, that in some variations the upper surfaces
(1710) of each of the flow diverters (1701) may be parallel to the upper surface (1704) of the
hub (1702), while in other variations the upper surfaces (1710) of each of the flow diverters
(1701) may be angled toward the bore (1706).

[0085]  As mentioned above, the sampling arrangements described here may
comprise one or more quantification members for reacting with a fluid sample to provide a
measurable result. The quantification member may be configured for electrochemical or
photochemical reactions with the fluid samples. For example, in some variations, the sampling
arrangement may comprise one or more reagent/assay pads, such as pad (306) depicted in FIG.
3B above. These pads may be made from one or more absorbent materials (e.g., nitrocellulose),
which may contain one or more chemical reagents for reacting with the fluid sample. These

chemical reagents may react with the fluid sample to produce one or more measurable
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parameters (e.g., a color change, an electrochemical response, or the like), which may be
detected and/or measured by one or more portions of the meter. In variations where the
quantification member is configured to produce a photometric response, the quantification
member may be imaged using one or more imaging systems, as will be described in more detail
below. In variations where the quantification member is configured to produce an
electrochemical response, the sampling arrangement may comprise one or more electrodes for
measuring or otherwise quantifying the electrochemical response. Additionally, it should be
appreciated that any suitable photometric or electrochemical quantification member or members

may be used with the sampling arrangements described here.

[0086]  As mentioned briefly above, a cap or other holding structure may be used
to hold the quantification member in place relative to the hub. For example, in sampling
arrangement (300) described above in relation to FIGS. 3A-3E, cap (308) may hold pad (306)
against micropatterned surface (316) of hub (302). As shown there, the cap (308) may comprise
an aperture (318) through which the pad (306) may be viewed using one or more imaging
systems, such as will be described in more detail below. This may provide particular utility in
instances where is may be desirable to optically image a quantification member. While shown
in FIG. 3B as having an aperture (318), the cap (308) may additionally or alternatively comprise

one or more viewing windows made from a transparent material.

[0087]  The caps described herein may engage a hub in any suitable manner. In
some variations, the cap may be integrally formed as a part of a hub (e.g., may be formed as a
tlip-top lid associated with the hub). In other variations, the cap may be press fitted against a
hub. In still other variations, cap may be attached to hub via one or more latches or other
attachment mechanisms. In some variations, when a cap is attached to a hub, the cap may be
configured to compress at least a portion of a quantification member between the cap and the
hub. This compression of the quantification member may affect the member’s ability to draw in
or otherwise react with a fluid sample. In variations where the cap comprises a viewing
window, the portion of the quantification member overlaid by the viewing window may not be
compressed, and thus that portion of the quantification member may not be affected by
compression. In this way, compression of an unviewed portion or portions of a quantification

member may limit the fluid absorbed by the unviewed portion or portions. In variations where
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the cap is press fit against the hub, the cap may be adjustably pressed against the hub to

adjustably compress the quantification member.

[0088] In some variations where the sampling arrangement is configured to be
viewed by an imaging system, as will be described below, the cap may comprise one or more
light-altering features for deflecting, absorbing or capturing stray light (e.g., stray light generated
by the light source, or stray light reflected by a quantification member). FIGS. 5A-5C illustrate
different variations of caps suitable for use with the sampling arrangements described here. As
shown in FIG. 5A, cap (500) may comprise a tapered recess (502) surrounding aperture (504).
The tapered recess (502) may act to deflect or catch stray light. While shown in FIG. 5A as
being linearly tapered, the tapered recess may also follow one or more curves. For example,
FIG. 5B shows another variation of cap (506) comprising a curved, tapered recess (508).
Additionally or alternatively, the tapered recess may comprise one or more steps. For example,

FIG. 5C shows a variation of cap (510) comprising a plurality of tapered steps (512).

[0089]  Additionally, in some variations, a cap may be made of a colored material
that may act as a reference color for an imaging system of the meter housing. In some
variations, an optical system may use the color of the cap to calibrate color or brightness
readings taken by the imaging system (e.g., by determining if the measured color of the cap is
different than expected). Additionally or alternatively, the color of the cap may allow for an
imaging system to identify the boundary between the cap and the quantification member. This

boundary may be used as a reference position when visualizing the quantification member.

[0090] It should be appreciated that the sampling arrangements may comprise
any elements or combination of elements with any suitable feature or features, such as those

described above.

Meter Housing

[0091]  The meters described here may comprise a meter housing. Generally, a
meter housing may accept/receive one or more cartridges, such as those described in more detail
above, allowing the meter to provide all of the components necessary to perform a testing
procedure (e.g., collection, transport, and analysis of a fluid sample). As noted above, the meter

housing may be configured to be disposable, or may be configured to be reusable (e.g.,
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configured for use with multiple cartridges). The meter housing may be configured for handheld
use, but also may be configured to temporarily attach to the body as a wearable meter. For
example, in some variations the meter housing may comprise one or more straps (e.g., such as a

wrist band) or other body-attachment elements.

[0092] FIGS. 6A-6D illustrate one variation of a meter housing (600) suitable for
use with the meters described here. Specifically, FIGS. 6A-6C show a front view, a partial
cross-sectional front view, and a cross-sectional side view, respectively, of meter housing (600).
FIG. 6D shows a cross-sectional meter housing (600) engaging a cartridge (602). As shown
there, meter housing may comprise a display (603), button (604), port (606), cartridge-receiving
chamber (608), door (609), tower (610) carrying optical system (611) and light source (612),
rotating element (613), activation mechanism (614), barcode reader (616), light detector (618),
foil punch (620), and trigger mechanism (622). The various components of meter housing (600)
may aid in the operation of the meter, and each will be described in more detail below.
Although not shown in FIGS. 6A-6C, the door (609) may comprise one or more cartridge-

engagement projections, such as described in more detail above.

[0093]  The meter housings described here may comprise one or more displays,
such as display (603) shown in FIG. 6A. Display (603) may be used to communicate
information (e.g., battery/power information, testing results, number of available test sites,
reminders/alarms, and the like) to a user. Additionally or alternatively, information may be
conveyed to a user via one or more sounds or audio alerts, and/or one or more tactile alerts (e.g.,
a vibrational alert or the like). For example, in some variations the meter housing may comprise
one or more speakers configured to relay audio information to a user (e.g., via spoken prompts

or data broadcasts).

[0094]  The meter housings described here may also comprise one or more
buttons, levers, switches, sensors or other structures for operating the meter. For example, meter
housing (600) shown in FIG. 6A may comprise a button (604). It should be appreciated that the
meter housing (600) may comprise any suitable number of buttons (e.g., zero, one, two, three, or
four or more). These buttons (or other structures such as those mentioned above) may be
configured to serve any suitable function. In some instances, one or more buttons may be

configured to turn the meter on or off, wake the meter from a hibernating state, or place the
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meter in a hibernating state. In other instances, one or more buttons may be used to call up
information from the meter (e.g., previous testing results, information relating to the cartridge, or
the like) which may be displayed on a display and/or aurally communicated. In still other
instances, a button or buttons may be used to input information into the meter (e.g., calibration
codes, date information, or the like), which may be stored in a memory component of the meter
housing or cartridge. In still other variations, one or more buttons may be used to authenticate a
particular user, as described in more detail below. Additionally or alternatively, one or more
buttons may be used to initiate a testing procedure, as will be described in more detail below. It
should be appreciated that one button (or a number of buttons) may serve a number of functions,
such as a combinations of the actions described immediately above. Additionally, it should be
appreciated that these actions may be achieved through any suitable device or structure (e.g., one

or more levers, switches, toggles, touch screens, sensors, combinations thereof, and the like).

[0095]  The meter housing may comprise memory or other internal circuitry for
storing information (e.g., testing results, calibration codes, testing protocols, or the like). In
some variations, the meter housing may be configured to transmit data to or otherwise
communicate with one or more external components (e.g., a computer, a server, or the like),
thereby allowing the meter to upload or otherwise transfer data (e.g., testing data) stored in the
meter housing. This data may then be analyzed (manually or automatically), and may allow a
user, physician or healthcare provider to evaluate the effectiveness of a given treatment, drug,
diet, or exercise regime in managing one or more conditions (e.g., diabetes) of a patient.
Additionally, the meter housing may be configured to download information or data (e.g., date
and time information, calibration codes, sampling protocols, software updates, hardware
updates, or the like) from an external source. In some variations, the meter housing may
comprise a communication or data port (e.g., a USB port, a firewire port, or the like) for direct
connection to a computer or other device. In other variations, the meter housing may be
configured to wirelessly transmit and/or receive information from an external source, as
described in U.S. Patent Application Serial No. 12/457,332 and titled “MEDICAL
DIAGNOSTIC DEVICES AND METHODS,” the content of which is hereby incorporated by
reference in its entirety. In still other variations, the meter may comprise a memory card reader.

In these variations, a user may place a memory card or chip into the reader to provide data or
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information to the meter housing. In some instances, the memory card may contain information

specific to a particular cartridge, such as calibration codes and/or expiration information.

[0096]  Asillustrated in FIG. 6A and 6C, meter housing (600) may comprise one
or more ports (606). Generally, a port (606) may provide an opening (624) in the meter housing
(600) through which a fluid sample may be collected by a sampling arrangement of a cartridge.
For example, a user may place one or more skin surfaces (e.g., a portion of a finger, palm, toe,
arm, leg, stomach, or the like) or other sampling sites (e.g., a portion of a vial of control fluid)
against port (606) and may initiate a testing procedure (in some instances, placing a sampling
site against the port (606) may initiate the testing procedure). During the testing procedure, a
penetration member of a sampling arrangement (not shown) may be driven through the opening
(624) in port (606) to pierce or otherwise puncture the sampling site. Additionally or
alternatively, one or more portions of the sampling site may be pressed through the opening

(624), where it may be pierced by the sampling arrangement.

[0097]  Port (606) may comprise any suitable structure or structures, such as one
or more of the arrangements described in U.S. Patent Application Serial Number 12/457,085,
titled “BODY FLUID SAMPLING DEVICE - SAMPLING SITE INTERFACE,” the content of
which is hereby incorporated by reference in its entirety. For example, in some variations, such
as meter housing (600) illustrated in FIGS. 6A and 6C, port (606) may comprise a flexible ring
(626) which may flex, bend, or otherwise move when a force is applied to the port (606). These
variations may find particular utility in instances where it is desirable to transmit a force via a
port to another portion of the meter (e.g., a cartridge or tower), as will be described in more

detail below.

[0098]  One or more cartridges (602) may be placed inside the meter housing
(600) via cartridge-receiving chamber (608). Specifically, door (609) of meter housing (600)
may be opened to provide access to cartridge-receiving chamber (608), and cartridge (602) may
then be inserted therein. The door (609) may then be closed to hold cartridge (602) in place, as
shown in FIG. 6D. The meter housing may comprise one or more structures for aligning,
engaging and/or holding the cartridge in place relative to the meter housing (600). For example,
tower (610) may align or hold the cartridge in place relative to one or more portions of the meter

housing (600). For example, in variations where tower (610) houses an imaging system (611),
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tower (610) may hold cartridge (602) in place relative to the imaging system (611) (e.g., via
engagement between the cartridge (602) and one or more portions of the door (609), as will be

described in more detail below.

[0099]  The meter housings described here may comprise one or more rotation
elements, which may be used to rotate a cartridge relative to one or more portions of the meter
assembly. For example, in the variation of meter housing (600) shown in FIGS. 6A-6D above,
meter housing (600) may comprise a rotation element (613) that is rotatable relative to the tower
(610). Rotation element (613) may comprise teeth (624), cogs or other structures that may
engage corresponding teeth, cogs, or similar structures of a cartridge (e.g., teeth (209) of
cartridge (200) describe in more detail above in relation to FIGS. 2A-2D). Thus, when a
cartridge (602) is placed within meter housing (600), as shown in FIG. 6D, engagement between
the rotation element (613) and the cartridge (602) may cause the cartridge (602) to rotate as
rotation element (613) is rotated relative to the meter housing (and tower (610)). Rotation of the
cartridge (602) may aid in indexing the cartridge, as will be described in more detail below,

and/or may place a new sampling arrangement in position for use with a testing procedure.

[0100] In some variations, a rotation member may aid in aligning a cartridge
(e.g., cartridge (602)) relative to a meter housing. For example, in the variation of meter housing
(600) described above with relation to FIGS. 6A-6D, when a cartridge (602) is pushed or
otherwise inserted into a cartridge-receiving chamber (608), the ramped portions (625) of teeth
(624) may slide along corresponding ramped portions of teeth (not show) of the cartridge (602),
which may act to rotate and self-align the cartridge (602) relative to the rotation element (613).
This self-aligning feature may reduce the dexterity needed to properly position a cartridge (602)
relative to the rotation member. While rotation element (613) described above may rotate and
align the cartridge, it should be appreciated that in other instances, separate mechanisms are used
to rotate and align the cartridge. In still other variations, the meter housing may comprise an

alignment mechanism without a rotation mechanism.

[0101] When a testing procedure is initiated, it may be necessary to trigger,
activate, release, or otherwise move a sampling arrangement in order to collect a fluid sample.
As such, the meter housing may comprise one or more trigger mechanisms for activating a

sampling arrangement. In variations where a sampling arrangement is configured to be moved
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by a spring, the triggering mechanism may be configured to release the spring from a stretched,
compressed, wound, or otherwise constrained position. In other variations, the triggering
mechanism may at least temporarily engage a portion of the sampling arrangement to move

between one or more positions (e.g., between a pre-firing position and an extended position).

[0102] Trigger mechanism may be any suitable mechanism, such as those
described in U.S. Patent Application Serial No. 11/529,614, which was previously incorporated
by reference. FIGS. 8A-8C illustrate one suitable variation of a trigger mechanism (800)
suitable for use with the meters described here. Specifically, FIGS. 8 A-8C show a cross-
sectional side view of a cartridge cell (802) and trigger mechanism (800) comprising a two-part
activation member (804). As shown there, activation member (804) may comprise a vacuum
tube (805) and a trigger pin (806), both attached to a base member (808). The activation
member (804) may be attached to and/or moved by the meter housing (not shown). Specifically,
vacuum tube (805) and trigger pin (806) may be simultaneously advanced or withdrawn via base
member (808) by one or more actuation mechanisms, and may enter a cartridge cell (802) to
facilitate a testing procedure. For example, activation member (804) may be moveable between
three or more positions. In a first “pre-fired” position, the entirety of activation member (804)
may be external to cell (802), as shown in FIG. 8A. Upon activation of a testing procedure, the
activation member (804) may be moved to a second position, in which a portion of the vacuum
tube (805) enters and at least partially extends into cell (802) through an aperture (810) in a wall
of the cell (802). As activation member (804) moves into the second position, it should be
appreciated that the vacuum tube (805) may pierce or otherwise puncture a covering material

(not shown) overlying the aperture (814).

[0103] Once in the second position, vacuum tube (805) may be connected to a
vacuum pump and may apply vacuum pressure to cell (8§02). By applying vacuum pressure to
the cell (802), the vacuum tube (805) may apply vacuum pressure to a skin surface in
engagement with the cell (802). After a sufficient level of vacuum has been applied to the cell
(802), the activation member (804) may then be moved to a third “firing” position. In this
position, trigger pin (806) may enter and at least partially extend into cell (802). As trigger pin
(806) enters cell (802), trigger pin (806) may engage and move one or more portions of the

sampling arrangement (816), such as latch (818) of hub (820). This may release latch (818),
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allowing a spring (824) to move sampling arrangement (816) relative to cell (802), as shown in
FIG. 8C. The activation member (804) may then be returned to its first position, and a new cell
(from the same cartridge, or a different cartridge) may be placed in alignment with the activation
member (804), such that the activation member (804) may trigger another sampling

arrangement.

[0104] While both vacuum tube (805) and trigger pin (806) shown in FIGS. 8A-
8C are moved by base member (808), it should be appreciated that the vacuum tube (804) and
trigger pin (806) may be actuated separately. In some variations, the vacuum and trigger pins
may be moved independently of one another. In still other variations, the activation member
comprises a single member that acts as both a vacuum tube and a trigger pin. In these variations,
the single member may be moved from a first position outside of the cartridge to a second
position where the member extends partially into the cartridge. In this position, the member may
apply a vacuum to the cartridge. The member may then be moved to a second position inside of
the cartridge (e.g., may be advanced further into in the cartridge) to trigger a sampling
arrangement. For example, the trigger mechanism (107) shown in FIGS. 1A-1D and the
triggering mechanism (622) shown in FIGS. 6A-6D may each comprise a member that acts as

both a vacuum tube and a trigger pin, as described immediately above.

[0105] In some variations, the meter housing may comprise one or more barcode
readers, but need not. For example, in the variation of meter housing (600) described above in
reference to FIGS. 6A-6D, meter housing may comprise a barcode reader (616). In variations in
which the cartridge comprises one or more barcodes on a surface thereof, barcode reader (616)
may be configured to scan or otherwise read information contained in the barcode. When the
cartridge is configured to be rotated (e.g., via rotation element (613)) or otherwise moved
relative to the meter housing (600), the barcode reader may scan the barcodes as the cartridge is

rotated or otherwise moved.

[0106] Additionally, in some variations, the meter housing may comprise one or
more elements for puncturing, separating, moving or otherwise removing one or more portions
of a covering material from a cartridge. In some variations, such as meter housing (600) shown
in FIGS. 6A-6D and described in more detail above, meter housing (600) may comprise a punch

(620). Punch (620) may be advanced into a cartridge cell via one or more apertures (not shown)
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to break, cut, remove or move the covering material (not shown) overlying the aperture. A
sampling arrangement may then be advanced through the uncovered aperture to collect a fluid

sample from a sampling site.

[0107] Also shown in FIGS. 6B are light source (612) and light detector (618).
Light source (612) may be configured to direct light in the direction of light sensor (618), and
may be any suitable light source, such as those described hereinthroughout. Light detector (618)
may be configured to measure the light at a given point inside of the meter housing (e.g., within
the cartridge-receiving chamber). When a cartridge (602) is placed inside of the meter housing
(600), as shown in FIG. 6D, the light source (612) and light detector (618) may help check the

integrity of the cartridge, as will be described in more detail below.
[0108] Tower

[0109] As mentioned immediately above, the meter housings described here may
comprise one or more towers or other structures for aligning or holding a cartridge in place
relative to a meter housing. In variations of meter housings that do comprise a tower, the tower
may be fixed relative to the meter housing, or may be movable relative to the meter housing. In
variations where the tower is moveable relative to the meter housing, the tower may be
moveable in any direction or directions relative to the tower. In some variations, the tower may
be moveable in a lateral direction relative to the longitudinal axis of the meter housing.
Additionally or alternatively, the tower may be configured to rotate relative to the longitudinal
axis of the meter housing. Additionally or alternatively, the tower may be configured to rotate

around the longitudinal axis of the meter housing.

[0110] FIGS. 7A and 7B show one way in which a variation of tower (700) may
be configured to both move axially to and rotate relative to a longitudinal axis (702) of a meter
housing (not shown). Specifically, FIG. 7A shows a front view of tower (700), while FIG. 7B
shows a side view of tower (700) engaging with cartridge (703). Only a cross-section of
cartridge (703) is shown in FIG. 7B, and cartridge (703) may comprise one or more sampling
arrangements (705) such as those described in more detail above. As shown in FIGS. 7A and
7B, tower (700) may be rotatably coupled to a pin (704) or another linearly moveable element.

Pin (704) may be slidably attached to a meter housing (not shown), such that the pin may slide
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axially relative to the meter housing. Due to the engagement between pin (704) and tower (700),
when pin (704) slides along axis (702), tower moves along the axis (702). The pin (704), and
with it tower (700) may move along any suitable axis or axes of the meter housing (e.g., a
longitudinal axis of the meter). Tower (700) may also rotate around pin (704), as illustrated by
arrow (722). It should be appreciated that in some instances, tower (700) may be fixedly
attached to or otherwise integrated with pin (704), and both the pin (704) and tower (700) may
be configured to rotate relative to a meter housing (not shown). This rotation may help initiate

one or more testing procedures, as will be described in more detail below.

[0111] The towers described here may engage one or more cartridges to hold the
cartridges in place relative to the meter housing. In some instances, the tower may hold the
cartridge in a fixed relation relative to the entire meter housing. In variations where the tower is
moveable relative to the rest of meter housing, the cartridge may be held in a fixed relation
relative to the tower, and may be moveable relative to the rest of the meter housing. The towers
described here may engage a cartridge in any suitable manner. In some variations, one or more

portions of the tower may be configured to fit inside of one or more recesses of a cartridge.

[0112] The variation of tower (700) shown in FIGS. 7A and 7B shows one way
in which the towers described here may engage a cartridge. As shown there, the distal portion of
tower (700) may comprise a first section (706) and a second section (708) extending from the
first section (706). First (706) and second (708) sections may be configured to extend into a
recess (710) of cartridge (703) to engage the cartridge (703), as shown in FIG. 7B. In the
variation of cartridge (703) shown there, recess (710) may comprise a first portion (712) having
a first cross-sectional area and a second portion (714) having a second cross-sectional area. At
least a portion of the first section (706) of the tower (700) may have the same exterior
dimensions and/or cross-sectional shape (e.g., circle, oval, rectangular, square, or the like) as the
first cross-sectional area of the first portion (712) of the recess (710). Additionally or
alternatively, at least a portion of the second section (708) of the tower (700) may have the same
exterior dimensions and/or cross-sectional shape (e.g., circle, oval, rectangular, square, or the
like) as the second cross-sectional area of the second portion (714) of the cartridge (703). By
matching the exterior of the tower (700) to the interior of the cartridge recess (710), placement

of the tower into recess (710) may create a fit between the components that minimizes
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movement of the cartridge (703) relative to tower (700). It should be appreciated that in some
instances (e.g., when tower (700) and recess (710) each have circular cross-sections), the
cartridge (703) may be rotated relative to the tower (700), as will be described in more detail
above. Additionally, while shown in FIGS. 7A and 7B as having first (706) and second (708)
sections, it should be appreciated that the tower (700) may comprise any suitable number of

sections (e.g., zero, one, two, three or four or more sections).

[0113] In some instances, the tower may comprise one or more mechanisms for
limiting or otherwise preventing axial movement between cartridge and tower. For example, in
some variations, one or more sections of the tower may affect axial movement relative to a
cartridge. For example, in the variation of tower (700) described above, the second section
(708) of tower (700) may have a smaller diameter than the first section (706) of tower (700).
The second portion (714) of the cartridge recess (710) may have a diameter smaller than that of
the first section (706) of the tower (700), but at least as large as the second section (708) of the
tower (700). Accordingly, cartridge (703) may slide along tower (700) in the direction
illustrated by arrow (716), until second section (708) of tower (700) enters second portion (714)
of cartridge recess (710). Since the second portion (714) of the recess (710) is not large enough
to accept the first section (706) of the tower (700), these portions may abut to prevent further

axial movement toward the top of tower (700).

[0114] Additionally, one or more portions of the meter housing may prevent the
cartridge (703) from disengaging from tower (700). For example, a spring (not shown) or other
structure may bias or push tower (700) in a direction illustrated by arrow (718). Tower may
push into recess (710) until the first section (706) of the tower (700) abuts the second portion
(714) of the recess (710), which may in turn push or bias cartridge (703) in direction (718). One
or more internal surfaces of the meter housing (e.g., a door or wall of a cartridge-receiving
chamber) may act as a stop to block movement in direction (718). As such, the tower (700) may
hold the cartridge (703) against the internal surface of the cartridge, holding the cartridge in
place and preventing the cartridge (703) from disengaging the tower (700).

[0115] When cartridge (703) is held in place relative to tower (700), one or more
forces may be applied to the cartridge (703) to move the tower (710) relative to the meter

housing (not shown). For example, in some instances, a user may apply a force (represented by
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arrow (720)) to cartridge (e.g., via port)) as illustrated in FIG. 7B. This force may cause the
cartridge (703) and tower (700) to rotate around pin (704) in the direction illustrated by arrow
(722). This rotation may cause tower (710) to engage an activation element (724), which may in

turn initiate a testing sequence, as will be described in more detail below.

[0116] As mentioned above, although a cartridge may be held in place axially
and laterally relative to a tower, the cartridge may still be configured to rotate around the tower.
In some variations, one or more mechanisms may be used to rotate the cartridge relative to the
tower (or vice versa), as will be described in more detail below. In other variations, the cartridge
may be unable to rotate relative to the tower (e.g., when both the tower and the cartridge recess
comprise non-circular cross-sections). These variations may be useful in variations where an
imaging system is housed separately from the tower within a meter housing. In some of these
variations, one or more portions of the tower may be configured to rotate relative to the meter
housing, thereby rotating the cartridge relative to the meter housing. For example, in variations
where the tower is connected to the meter housing via a pin (e.g., such as tower (700) and pin
(704) described above in relation to FIGS. 7A and 7B), the pin (or a portion of the meter housing
holding the pin) may be configured to rotate the tower and cartridge within the meter housing.
Additionally or alternatively, the tower may be divided into different segments, wherein a first

segment may be configured to rotate relative to one or more other segments.

[0117] As mentioned above, a meter housing may comprise one or more
activation elements for initiating a testing procedure. In some variations, an activation element
may be any suitable switch or sensor capable of responding to one or more forces (or other
stimuli) applied thereto. Any portion of the meter may apply a force to the activation element to
initiate a testing procedure. For example, in variations where the tower is moveable relative to
the meter housing, the tower may apply a force to the activation element. For example, in the
variation of tower (700) shown in FIGS. 7A and 7B and described in more detail above, rotation
of tower (700) around pin (704) (e.g., by application of force (720) to cartridge (703)) may press
tower (700) into activation element (722). Alternatively, the activation element (722) may be
positioned such that rotation of tower (700) around pin (704) may cause cartridge (703) to move
into contact with the activation element (722). In still other variations, one or more activation

elements may be incorporated into a port, such that when application of a force (e.g., via one or
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more sampling sites) to the port applies a force to the activation element. It should also be
appreciated that in some variations, the meter housing need not comprise an activation element,
and a testing procedure may be initiated in some other manner (e.g., by pressing one or more

buttons) as will be described in more detail below.

[0118] The activation element may be any suitable structure. For example, the
activation element may comprise one or more force sensors. In variations where the activation
element comprises a force sensor, the force sensor may be configured to activate a testing
procedure when the force within a certain range is applied thereto. In some instances it may be
desirable to ensure that a user is pressing against the port with at least a minimum force level.
For example, placing a skin surface against a port with a force greater than about 200 gram-force
may help to increase blood flow to the area. As such, the force sensor may be configured to
initiate a testing sequence once the force applied thereto indicates that the force applied to the
port reaches a predetermined minimum level. Additionally, it may be desirable to set a
maximum force level that will initiate a testing procedure. For example, if a skin surface is
applied to a port with too high of a force (e.g., greater than about 500 gram-force) the increased
pressure between the skin surface and the port may force blood away from the sampling site.
Thus, in some variations, a force sensor will not initiate a testing sequence if the force applied to
the force sensor is above a certain level. It should be appreciated that the force sensor may be
configured to initiate a testing sequence in any suitable force range applied to the port (e.g., at
least about 100 gram-force, at least about 200 gram-force, at least about 300 gram-force,
between about 100 gram-force and 700 gram-force, between about 100 gram-force and about
600 gram-force, between about 200 gram-force and about 500 gram-force, between about 250
gram-force and about 450 gram-force, or the like). Any suitable force sensor may be used. In
some variations, the force sensor may comprise one or more analog sensors or may comprise
one or more digital sensors. In some variations, the force sensor comprises a force sensitive

resistor.

[0119] In other variations, the activation element may comprise one or more
switches. In these variations, a certain force applied to the switch may cause the switch to
toggle/flip. The toggling of the switch may initiate one or more testing procedures. The force

required to toggle the switch may be any suitable force, such as those described above. The
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switch may be configured to automatically toggle back once the force is removed, or the meter
housing may toggle the switch back upon completion of the testing procedure. Additionally, in
some variations, the activation element may comprise a second switch, which may be toggled to
cancel or abort a testing procedure if a user applies too much force to the cartridge. In still other
variations, the activation element may comprise one or more light beams, one or more strain

gauges, one or more capacitive touch switches, one or more Hall Effect sensors, or the like.

[0120] FIGS. 10A and 10B illustrate another variation of a tower that may be
configured to be moveable relative to a meter housing. Specifically, FIG. 10A shows a
perspective view of tower (1000). As shown there, tower may comprise central rotation pins
(1002), guide protrusions (1004), and an activation protrusion (1006). As shown in FIG. 10B,
tower (1000) may be placed in a meter housing (1010) such that tower (1000) may be configured
to move axially and/or rotate relative to a longitudinal axis (1016) of the meter housing (1010).
Specifically, central rotation pins (1002) and guide protrusions (1004) may sit within or
otherwise engage one or more tracks (not shown) of the meter housing (1010). Central rotation
pins (1002) may be able to rotate relative to the meter housing, thereby allowing tower (1000) to
rotate relative to meter housing (1010). For example, when a force (represented by arrow
(1102)) is applied to an end of tower (1000) (e.g., via a cartridge), the central rotation pins
(1002) may act as an axis of rotation around which the tower (1000) may rotate (as illustrated by
arrow (1014)). This rotation may place and/or press a portion of tower (1000) (e.g., activation
protrusion (1006)) into operative engagement with an activation element (1008), such as those
described in more detail below. Additionally, central rotation pins (1002) and guide protrusions
(1004) may be configured to be axially slidable relative to the meter housing (1000), and may be

biased in one direction (e.g., via one or more springs, as described in more detail above).

[0121] It should be appreciated that the central rotation pins (1002) need not be
located equidistantly between the two ends of tower (1000), but may be placed along any
suitable intermediate location. By placing the central rotation pins (1002) in an intermediate
location, end (1018) of tower (1000) may require less lateral displacement relative to axis (1016)
(i.e., in the direction of arrow (1012)) in order to place the tower (1000) in engagement with
activation element (1008). This may allow for narrower tolerances between the working

components of the device.
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[0122] While shown in FIGS. 10A and 10B as comprising guide protrusions
(1004), tower (1000) need not. In variations that do comprise guide protrusions (1004), the
guide protrusions (1004) may engage with the meter housing (via one or more tracts) to limit
lateral displacement of the tower and/or limit the rotation of the tower. Additionally, while
shown in FIGS. 10A and 10B as comprising an activation protrusion (1006), tower (1000) need
not. In variations that do comprise an activation protrusion (1006), the activation protrusion

may help press or otherwise engage one or more activation elements (1008).

[0123] While the towers described above in relation to FIGS. 7A, 7B, 10A, and
10B may be moveable relative to a meter housing, it should be appreciated that a tower may be
fixed relative to a meter housing. In these variations, the tower may still engage one or more
cartridges, such as described above. Application of a force to the cartridge may induce a
deflection, deformation, or distortion in the body of the tower. This deflection may be measured
to initiate a testing procedure. Specifically, an activation mechanism comprising a strain gauge
may be connected to or otherwise associated with the tower to measure the load being applied to
a tower, which may be representative of the force being applied to the cartridge. The activation
mechanism may comprise any suitable strain gauge (e.g., a full-bridge strain gauge, a half-bridge
strain gauge, or the like). When the strain gauge determines that force being applied to the tower
is within a predetermined range (and/or reaches a predetermined threshold), the meter may
initiate a testing procedure. In some instances, the meter may be configured to prevent the
initiation of a testing procedure if the force applied to the tower is outside of a predetermined

range.

[0124] For example, FIGS. 21A and 21B illustrate a perspective view and a
cross-sectional side view, respectively, of one variation of a tower (2100) which may be fixed
relative to a meter housing (not shown). The tower (2100) may be fixed to the meter housing
using one or more threaded fasteners (not shown) or other mechanical fixation members. As
shown there, the tower (2100) may comprise a strain gauge (2102), such as one or more of the
strain gauges described immediately above. A cartridge (not shown) may be placed in
engagement with the tower (2100), such as, for example, described above with respect to FIGS.
1A-1D and FIGS. 7A and 7B. When a force is applied to the cartridge (e.g., via a port upon

application of pressure by a sampling site to the port) the engagement between the cartridge and
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the tower (2100) may cause deflection/deformation of the tower (2100), and this deflection may
be measured by the strain gauge (2102). Data from the strain gauge (2102) may be carried to a
printed circuit board assembly (2104) or other processing assembly via an optical cable (2106)
or other suitable data transmission assembly. When the meter determines that force being
applied to the tower/cartridge/port is within a predetermined range (and/or reaches a
predetermined threshold), such as described in more detail above, the meter may initiate a
testing procedure. In some instances, the meter may be configured to prevent the initiation of a
testing procedure if the force applied to the tower is outside of a predetermined range. As shown
in FIGS. 21A and 21B, the tower (2100) may comprise an imaging system comprising a light-
generating assembly (2108) and a light-receiving assembly (2110), such as one of the imaging
systems described in more detail below, but it should be appreciated that the towers described

here need not include any imaging systems.
[0125] Cartridge Ejection

[0126] In some variations of the meter housings described here, the meter
housing may comprise one or more mechanisms for ejecting a cartridge from the meter housing.
In some variations, the cartridge-ejection mechanism may eject a cartridge without requiring
direct user contact with the cartridge, which may help to reduce the risk of user exposure to
potentially hazardous materials (e.g., used needles or lancets). In some variations, the cartridge
may be configured to passively fall from a cartridge-receiving chamber when a door to the
chamber is opened. In other variations, one or more structures may be used to push or otherwise

advance the cartridge form the chamber.

[0127] FIGS. 12A and 12B illustrate one variation of a meter housing (1200)
comprising a cartridge ejection mechanism. As shown there, meter housing (1200) may
comprise a cartridge-receiving chamber (1202), door (1204), and a cartridge ejection mechanism
comprising button (1206) and lever (1208). In some variations the lever may have a forked or
multi-pronged shape, but it should be appreciated that the lever may have any suitable size or
shape. FIG. 12A shows a perspective view of meter housing (1200) with door (1204) in an open
position, and cartridge (1210) placed inside of the cartridge-receiving chamber (1202). FIG.

12B shows a front view of meter housing (1200) with a portion of the meter housing removed.
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[0128] To eject a cartridge (1210) from cartridge-receiving chamber (1202),
button (1206) may be depressed or otherwise activated. Button (1206) may be linked to lever
(1208) such that activation of the button (1206) causes lever (1208) to rotate within cartridge-
receiving chamber (1202). In some variations, depression of the button (1206) mechanically
actuates the movement of lever (1208). In other variations, depression of the button (1206) may
provide a signal to one or more motors, cams, or other actuators which may in turn drive
movement of the lever (1208). As lever (1208) rotates within cartridge-receiving chamber
(1202), it may press against cartridge (1210), as shown in FIG. 12B. When door (1204) is open,
rotation of the lever (1208) may push the cartridge (1210) out of the cartridge-receiving chamber
(1202), thereby ejecting the cartridge (1210) from the meter housing (1200).

[0129] In some variations, button (1206) may be used to open door (1204) and to
actuate lever (1208). In some of these variations, depression or activation of the button (1206)
simultaneously opens door (1204) and actuates lever (1208). In other variations, the force
provided by lever (1208) to cartridge (1210) may be sufficient to cause the door (1204) to
unlatch or otherwise open. In other variations, the lever (1208) may not be actuated until the
door (1204) is opened. In these variations, a first depression or activation of the button (1206)
may open the door (1204), and a subsequent depression or activation of the button (1206) (with
door (1204) open) may actuate lever (1208) to eject a cartridge. It should also be appreciated

that different buttons or mechanisms may be used to open the door and to actuate the lever.

[0130] FIG. 11 depicts another variation of a meter housing (1100) comprising an
cartridge-ejection mechanism. As shown there, a portion of meter housing (1100) is removed to
reveal a cartridge-receiving chamber (1102), tower (1104), and a cartridge ejection mechanism
comprising an ejection pin (1106). Also shown there is a door (1108) in an open position, and a
cartridge (1110) placed inside of cartridge-receiving chamber (1102). To eject cartridge (1110)
from cartridge-receiving chamber (1102), ejection pin (1106) may be advanced to engage
cartridge (1110) and push cartridge (1110) out of the meter housing (1100). A user may initiate
the movement of ejection pin by depressing or activating one or more buttons or the like, which
may mechanically drive the ejection pin (1106), or may send a signal to one or more motors,
cams, or actuators to drive the ejection pin (1106). In variations where a trigger pin and/or

vacuum pin may enter one or more cartridge cells (e.g., to activate one or more sampling
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arrangements, as described in more detail above), the same trigger pin or vacuum pin may also
be used to eject the cartridge. In these variations, the cartridge and pin may be aligned in a first
orientation in which advancement of the pin causes the pin to enter a cartridge cell (e.g., through
one or more apertures in a wall of the cell). To eject the cartridge, the cartridge and pin may be
aligned in a second orientation in which advancement of the pin causes the pin to push against
one of the walls of the cartridge. In other variations, a meter housing may comprise separate

ejection, triggering, and/or vacuum pins.
[0131] Imaging System

[0132] As mentioned above, the meters described here may comprise one or
more imaging systems, but need not. Indeed, in variations where the sampling arrangement
comprises one or more electrochemical quantification members, it may not be necessary to have
an imaging system. In variations where the meter housing comprises an imaging system, the
imaging system may act to visualize, view, detect, or otherwise measure one or more optical
parameters of a portion of the meter (e.g., a sampling arrangement). For example, in some
variations, a cartridge may comprise a sampling arrangement with a reagent pad that reacts with
a fluid sample (e.g., a blood sample, control solution) to cause a color change, which may be
indicative of the glucose concentration of that fluid sample. An imaging system of the meter
may visualize the reagent pad during this reaction to obtain or otherwise record information
about the reaction (e.g., reaction rates, the amount of color change, or the like), and this data
may be analyzed to determine one or more characteristics of the fluid sample, such as the
sample’s glucose concentration, a hematocrit level in the sample, the volume of sample applied
to the pad, combinations thereof, and the like. The imaging system may also be used to
determine whether a control sample has been applied to a sampling arrangement, as will be

described in more detail below.

[0133] The imaging system may be housed in any suitable portion of the meter.
Generally, the imaging system is at least partially contained in the meter housing, although it
should be appreciated that the cartridge may comprise one or more portions of the imaging
system. In variations where the meter housing comprises the imaging system, the individual
components of the imaging system may be housed in any suitable portion or portions of the

meter. In some of these variations, one or more components of the imaging system may be
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housed in a tower of the meter. In variations where a cartridge and tower are aligned or held in
place relative to each other, such as tower (700) and cartridge (703) described above in relation
to FIGS. 7A and 7B, this engagement between the tower and a cartridge may at least temporarily
hold the cartridge in a fixed relation relative to the imaging system. This may make the imaging
system less sensitive to patient movement, as it may be more difficult to move the cartridge

relative to the imaging system during a testing procedure.

[0134] The imaging systems described here generally comprise a light-generating
assembly and a light-receiving assembly. The light-generating and light-receiving assemblies
may be positioned in any suitable portion of the meter. In variations in which a meter as
described here comprises a tower (as described in more detail above), one or more of these
assemblies may be partially or wholly housed in the tower. In some of these variations, both the
light-generating and light-receiving assemblies may be housed within the tower. In other
variations, the light-generating assembly may be housed within the tower and the light-receiving

assembly may be housed within another portion of the meter housing, or vice versa.

[0135] Generally, the light-generating assembly may be configured and used to
generate and direct light toward one or more portions of a meter (e.g., one or more portions of a
sampling arrangement, such as a reagent pad or the like). The light-generating assembly
generally comprises one or more light sources. In some instances a light-generating assembly
may comprise a light source that is configured to generate light at a predetermined wavelength
or within a predetermined wavelength range. Additionally or alternatively, a light-generating
assembly may comprise a polychromatic light source. In other variations, a light-generating
assembly may comprise a light source which may be configured to selectively generate light at
two or more different predetermined wavelength or light within different predetermined
wavelength ranges. For example, in some variations a light source comprises a RGB LED,
which can selectively output red, green, and blue light. In some variations, a light-generating
assembly may comprise two or more separate light sources, each of which may be configured to
generate light at a predetermined wavelength or wavelength range. Accordingly, the light-
generating assembly may be configured to produce light at a plurality of wavelengths, which
may assist the imaging system and meter to determine an analyte concentration, or may assist

the imaging system and meter in determining the application of a control solution, as will be
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described in more detail below. In some variations, a light-generating assembly may comprise a
diffusor, which may spread out or otherwise scatter light generated by the light source or
sources. Additionally or alternatively, a light-generating assembly may comprise a collimator,
which may focus or otherwise align light generated by the light source or sources. Additionally
or alternatively, a light-generating assembly may comprise baffling or other light traps, which
may help trap or otherwise remove stray light generated by the light-generating assembly. It
should be appreciated that some or all of the components of a light-generating assembly may be
included as individual components, while other components may be combined into a multi-
purpose component. For example, some variations of the light-generating assemblies described

here may comprise an element that includes both a collimator and light traps.

[0136] The light-receiving assembly of the imaging systems described here may
be configured to image one or more areas of the meter. For example, in variations where the
meter comprises one or more sampling arrangements, such as those described above, the light-
receiving assembly may be configured to image one or more components of a sampling
arrangement (e.g., detect and measure light reflected off of or emitted from the sampling
arrangement), as will be described in more detail below. The light-receiving assembly may
comprise one or more detectors/image sensors, which may produce one or more electrical
signals in response to light received by the assembly. In some variations, the light-receiving
assembly may comprise one or more filters, which may filter out one or more wavelengths of
light received by the light-receiving assembly. Additionally or alternatively, the light-receiving
assembly may comprise one or more lenses, which may focus or otherwise redirect light within
the light-receiving assembly. Additionally or alternatively, the light-receiving assembly may
comprise one or more mirrors which may act to redirect light through the light-receiving
assembly. Additionally or alternatively, the light-receiving assembly may comprise baffling or
other light traps to capture stray light within the light-receiving assembly. It should be
appreciated that some or all of the components of a light-receiving assembly may be included as
individual components, while other components may be combined into a multi-purpose
component. For example, in the variation of tower (2100) described above with respect to FIGS.
21A and 21B, the light-receiving assembly (2110) may comprise a molded optical element
(2112), which may both focus and redirect light from a sampling arrangement toward a detector

(2114).

50



WO 2013/020103 PCT/US2012/049629

[0137] FIGS. 9A and 9B illustrate one variation of imaging system (900). As
shown there, imaging system may be housed within a tower (902), and may comprise a light-
generating assembly (904) and a light-receiving assembly (906). While imaging system (900) is
shown in FIGS. 9A and 9B as having separate light-generating and light-receiving assemblies
((904) and (906), respectively), it should be appreciated that the imaging system may comprise
an assembly that both generates and receives light. Generally, light-generating assembly (904)
may be configured to generate one or more beams of light (represented by line (908)) which may
reflect off of a pad (910) and/or other portions of a sampling arrangement. Some of the light
reflected off pad (represented by line (912)) may enter light-receiving assembly (906), where it
may be analyzed, as will be described in more detail below. While shown in FIG. 9 as reflecting
off of pad (910), it should be appreciated that the imaging-system may visualize any structure
that is in the viewing field of the imaging system (900) (e.g., in a position to reflect the

generated light (908) into the light-receiving assembly (906)).

[0138] Light-generating (904) and light-receiving (906) assemblies may comprise
any suitable elements or combination of elements. For example, as shown in FIG. 9A, light-
generating assembly (904) may comprise a light source (914), diffuser (916), and collimator
(918). The light source (914) may be any suitable light-generating mechanism (e.g., a light-
emitting diode, gas-discharge lamp, bulb, chemical light-source, or the like). Diffuser (916) may
be any suitable diffuser (e.g., a ground glass diffuser, grey glass diffuser, opal glass diffuser, a
Teflon diffuser, or the like) or the like, and may scatter or otherwise spread out the light
generated by the light source (914). Collimator (918) in turn may comprise one or more curved
mirrors or lenses (not shown) and may act to receive the diffused light from diffuser (914)
focus/align the scattered beams of light. Light-generating assembly (904) may further comprise
baffling (920) or other light traps between the diffuser (914) and the collimator (918) to help
remove stray light. Overall, the diffuser (914), baffling (920), and collimator (918) may
transform the light from light-source (914) into a focused beam of light.

[0139] The generated light (908) may strike pad (910) at an angle (8;) relative to
the surface of the pad. In variations where the sampling arrangement is configured to rotate
relative to a cartridge, such as sampling arrangement (300) described above in relation to FIGS.

3A-3E, angle (8;) may change as the pad (910) rotates with the sampling arrangement. Thus, for
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the purposes of discussion, angle (8;) will refer to the angle between generated light (908) and
the surface of pad (910) when the pad is at its resting position. Angle (68;) may have any suitable
value, such as, for example, between about 85 and about 95 degrees, between about 80 degrees
and about 100 degrees, and between about 75 degrees and about 105 degrees, and preferably
about 90 degrees. The choice angle (8;) may affect the placement of the light-receiving

assembly (906), as will be described in more detail below.

[0140]  As shown in FIG. 9A, light-receiving assembly (906) may comprise a first
passage (922), mirror (924), focusing arrangement (926) comprising lenses (928), filter (930),
and detector (932). Generally, first passage (922) may receive light that is reflected off of pad
(910) or another structure in the viewing field of the imaging system (900). Reflected light
(912) may then reflect off of mirror (924), where it may be passed into focusing arrangement
(926). While shown in FIG. 9 as reflecting off a mirror (924), it should be appreciated that the
reflected light (912) may travel directly to the focusing arrangement without first being
reflected. In some variations, a mirror may be integrated into a surface of one or more focusing
elements. Focusing arrangement (926) may comprise any suitable lens or combination of lenses
(928) (e.g., one or more concave lenses and/or one or more convex lenses) capable of focusing

the reflected light (912) toward detector (932).

[0141]  Although shown in FIG. 9A as comprising a filter (930), light-receiving
assembly (906) need not. In variations that do comprise a filter (930), filter (930) may comprise
any suitable filter or filters (e.g., one or more absorptive filters, one or more dichroic filters, one
or more monochromatic filters, or the like). Similarly, detector (932) may be any suitable
detector element or elements. For example, in some variations, the detector may comprise one
or more photo diodes, CCDs, or CMOS detector elements. In variations where the detector
comprises a plurality of detector elements (e.g., a plurality of CMOS detector elements), the
detector elements may be arranged into an array. The array may be a linear one-dimensional
array, or may be a two-dimensional array. It should be appreciated that some or all of the
components of the imaging systems may be combined or otherwise integrated with one another.
For example, in some variations, a light source (e.g., a light-emitting diode) may be integrated

with a diffuser. In other variations, one or more lenses may be integrated into an optical
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element. In still other elements, a lens element and a filter element may be combined by

coloring the lens element.

[0142]  When a light-receiving assembly of an imaging element is configured to
image one or more portions of a sampling arrangement (e.g., a reagent pad), the light-receiving
assembly may be positioned relative to the sampling assembly so as to help avoid the light-
receiving assembly from receiving specular reflections when light from a light-generating
assembly strikes the imaged portions of the sampling assembly. Specifically, when light hits the
imaged components of a sampling arrangement (e.g., a reagent pad, a cap), specular reflectance
may occur in which beams of light striking the sampling arrangement are reflected at an angle of
reflectance equal to the angle of incidence. The components of the sampling arrangement may
otherwise act as a diffuse reflectance surface, scattering light from a light-generating assembly
uniformly. As long as the light-receiving assembly is not receiving specular reflectance, the
diffuse reflectance may be constant regardless of the angle at which the light-receiving assembly
receives the light. Accordingly, it may be desirable to configure the light-receiving assembly to
receive the diffusely-scattered light while avoiding the specular reflectance. When a beam of
collimated light (e.g., light generated by a light-generating assembly including a collimator)
strikes a sampling arrangement along an axis of illumination (such as light (908) shown in FIG.
9A), the specular reflection may occur within a specific range around an axis of reflection that at
an angle complementary to the axis of illumination. For example, in some variations, specular
reflectance for a sampling arrangement may occur within about 20 degrees on either side of the
axis of reflection. Accordingly, in some variations, the light-receiving assembly may be

positioned off the axis of reflection by at least about 20 degrees to avoid the specular reflectance.

[0143]  For example, in the imaging system shown in FIGS. 9A and 9B, the first
passage (922) may be configured such that only light reflected at a certain angle (8,) (or a
narrow range of angles) to the generated light (908) reaches mirror (924) (or other portions of
the light-receiving assembly (906). Specifically, first passage (922) may comprise baftling or
other light traps (not shown) which may act to capture stray light. Angle (8,) may be any
suitable angle, e.g., greater than about 20 degrees, greater than about 30 degrees, greater than

about 40 degrees, greater than about 50 degrees, between about 15 degrees and about 25
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degrees, about 25 degrees and about 35 degrees, between about 35 degrees and about 45

degrees, between about 45 degrees and about 55 degrees, and the like.

[0144]  The choice of angle (8,) may be partially determined by angle (8;), the
expected rotation of the pad (910), the physical characteristics of pad (910) and the nature of the
light produced by the light-generating assembly (904). For example, angle (6,) may be
specifically chosen to minimize the chance of flaring that may occur as generated light (908)
reflects off of pad (910). Specifically, when generated light (908) strikes pad (910), pad (910)
may act as an imperfect lambertian surface to scatter light in every direction. As mentioned
above, the apparent radiance of the pad may be independent of the angle at which it is viewed,
except that specular reflectance may result in more intense reflection at or around an axis of
reflection complimentary to the angle of incidence. For example, as illustrated in FIG. 9B
generated light (908) may strike pad (910) at an angle of incidence (0;). Although the apparent
radiance of the pad (910) may be the same for most viewing angles, there may be some flaring
(from specular reflectance) at a range (934) of angles near the angle of reflectance (6,), in which

the apparent radiance of the pad may be orders of magnitude brighter.

[0145]  Because flaring may affect the ability of detector (930) to image the pad
(910), it may be desirable to configure the imaging system (900) such that light-receiving
assembly (904) does not receive reflected light (912) in the range (934) of flaring as described

above. As such, in some variations, angle (6,) may be determined by the following equation:
02 > 2%((90 — 81) + (Bmp)) + ¥2*(0p)

[0146]  Where angle (8., is the maximum angle of rotation of pad relative to the
extended position during visualization, and (0y) is the range (934) of flaring as described in more
detail above. The range (934) of flaring may depend on the nature of the generated light (908)
as well as nature of the pad (910). For example, in some variations of the meters described here,
the sampling arrangement may be configured such that once pad (910) hits its point of maximum
forward rotation, it may only rotate back about 10 degrees during visualization. Additionally, in
some variations the range of flaring may be the angle of (6,) =+ about 15 degrees (thus (6r) would
be about 15 degrees. Thus, in variations where angle (8;) is about 90 degrees, angle (6,) may be

greater than about 35 degrees.
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[0147]  Additionally, the meter may be configured such that the apparent radiance
of the pad (910) as viewed by light-receiving assembly (906) does not significantly change as
the pad (910) rotates. When the angle between a light source and the normal to a lambertian
surface increases, the apparent brightness of the surface decreases. Thus, as pad (910) rotates
away from the extended position, the apparent brightness of the pad may decrease. During
rearward rotation, however, the pad (910) may be brought closer to light-generating assembly
(904). Because the intensity of light increases closer to a light source, the decrease of intensity
due to the rotation of the pad may be canceled by the increase of intensity as the pad approaches

the light-generating assembly.

[0148]  As mentioned above, the imaging systems of the meters described here
may be configured to image one or more portions of a sampling arrangement. The imaged
portions of the sampling arrangements may be controlled by the components of the light-
receiving assembly as well as the relative positioning between the light-receiving assembly and
the sampling arrangement. For example, in variations of the meters described here that comprise
a sampling arrangement which is configured to rotate or otherwise move relative to a portion of
the meter (as described in more detail above), the imaging assembly may image different

portions of the sampling arrangement as the sampling arrangement moves.

[0149] In some variations, the light-receiving assembly of an imaging system
may comprise a detector that comprises a single detector element. In these variations, the
detector may image a single point on a sampling arrangement. For example, FIG. 14 depicts a
partial view of a sampling arrangement (1400) comprising a reagent pad (1402) and a cap
(1404). An imaging system (not shown) comprising a single-element detector may be
configured to view a single-pixel viewing area (1406). The size of this viewing area (1406) may
be altered using one or more lenses or other focusing elements and/or modifying the relative
positioning between the sampling arrangement (1400) and the imaging system. It should be
appreciated that the sampling arrangement (1400) is depicted in FIG. 14 for illustrative purposes,
and a single-element detector may be used to image a portion of any suitable sampling
arrangement including any components or combination of components, such as those described

in more detail above.
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[0150] In other variations, the light-receiving assembly of an imaging system
may comprise a detector that comprises one or more linear arrays of detector elements. In these
variations, a detector may include any suitable number of linear detector arrays (e.g., one linear
array, two linear arrays, three or more linear arrays, or the like), and each linear array may be
configured to view a multi-pixel linear viewing area. The linear detector arrays may be
configured to image one or more portions of a sampling arrangement. For example, FIG. 15A
depicts one variation of a sampling arrangement (1500) comprising a reagent pad (1502) and a
cap (1504). Although only reagent pad (1502) and cap (1504) are shown in FIG. 15A, it should
be appreciated that the sampling arrangement (1500) may comprise any additional element (e.g.,
a hub, a skin penetration member) or combination of elements such as those described in more
detail above. As shown in FIG. 15A, an imaging system comprising a linear detector array (not
shown) may be configured to image a linear viewing area (1506) divided into a plurality of

pixels (1508), where each pixel (1508) corresponds to a detector element.

[0151]  The viewing area (1506) of the imaging system may image any portion or
portions of the sampling arrangement (1500). In some variations, the viewing area may be
configured to image only a portion of reagent pad (1502). In other variations, the viewing area
may be configured to image the reagent pad (1502) and the cap (1504). In still other variations
(such as that illustrated in FIG. 15A), the viewing area may be configured to image the reagent
pad (1502), the cap (1504), and open space (1510) around the cap (1504). While shown in FIG.
15A as imaging the open space (1510) on two sides of the cap (1504), the viewing area (1506) of
the imaging system may image the open space (1510) on one side of the cap (1504). When the
reagent pad (1502) and cap (1504) are illuminated using an imaging system, these components
may reflect light while the space (1510) around it may not. FIG. 15B shows an example of a
trace (1512) collected from the pixels (1508) of viewing area (1506), which reflects the amount
of light collected from each of the detector elements when illuminated by the imaging system.
As shown there, trace (1512) may include a first segment (1514) corresponding to the pixels
imaging the reagent pad (1502), second and third segments (both labeled as (1516))
corresponding to the pixels imaging the cap (1504), and fourth and fifth segments (both labeled
as (1518)) corresponding to the pixels imaging the open space (1510) around the cap (1504).
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[0152]  The meters described here may be configured to distinguish between the
different segments of trace (1512) during a sampling procedure. For example, the first segment
(1514) of the trace (1512) may be used in determination of the concentration of an analyte in a
sample applied to the reagent pad (1502), such as described in more detail below. The second
and third segments (1516) may assist in analysis of the sample. In some variations the cap
(1504) may be used as a reference standard, and the first segment (1514) of the trace (1512) may
be adjusted based on the values of the second and third segments (1516). For example, the cap
(1504) may be formed or otherwise coated with a material having a known reflectance level.
When the second and third segments (1516) (i.e., the light reflected from the cap (1504)) deviate
from values expected from the known reflectance level, the first segment (1514) or another
portion of the trace (1512) may be adjusted or otherwise corrected based on this deviation.
While the cap (1504) may be used as a reference standard, it should be appreciated that one or
more other structures may be used as a reference standard, as will be described in more detail
below. In these variations, the imaging system may be configured to adjust one or more outputs
of the detector based on the deviation between a measured reflectance and an expected

reflectance of the reference standard component.

[0153]  Additionally or alternatively, the light received from the open space
(1510) may also be used to adjust the sample analysis. Because the pixels (1508) imaging the
open space (1510) are not imaging the sampling arrangement (1500), light received by these
pixels may be considered stray light. Too much stray light within the meter housing may affect
that validity of one or more measurements from the imaging system. Accordingly, when the
light received by the pixels imaging the open space (1510) (e.g., fourth and fifth segments
(1518) of trace (1512)) reaches a certain threshold for a particular reading, the meter may take
one or more actions. In some of these variations, the meter may be configured to cancel a
testing procedure and/or return an error value to a user. In other variations, the meter may be
configured to exclude specific readings in which the light received by the pixels imaging the

open space (1510) exceeds a predetermined threshold.

[0154]  While the viewing area (1506) is shown in FIG. 15A as imaging across a
midline of the reagent pad (1502), an imaging system comprising a linear detector array may

visualize any suitable portion of the pad. Additionally, in variations where a sampling
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arrangement is configured to move relative to the meter, movement of the pad may change the
area of the sampling arrangement that is imaged. For example, FIGS. 16A-16C illustrate a
variation of a meter (1600) comprising a sampling arrangement (1602) that is configured to
rotate relative to the meter (1600). FIG. 16A shows a portion of the meter (1600), specifically a
tower (1604) and a cartridge (1606) housing the sampling arrangement (1602), but it should be
appreciated that the meter (1600) may comprise any suitable elements or combination of
elements as described hereinthroughout. Also shown there is an imaging system comprising a
light-generating assembly (1603) and a light-receiving assembly (1605). While both of these
assemblies are shown in FIG. 16A as being housed in the tower (1604), it should be appreciated

that each of the assemblies may be located in any suitable portion of the meter (1600).

[0155] A variation of the sampling arrangement (1602) is shown in FIG. 16A as
comprising a hub (1608), a skin-penetration member (1610), a reagent pad (1612), and a cap
(1614), but it should be appreciated that the sampling arrangement may comprise any elements
or combination of elements such as described in more detail above. The sampling arrangement
(1602) may be configured to rotate around a pivot point (1616) when triggered. For example, a
torsional spring (not shown) may drive rotation of the sampling arrangement (1602). After the
sampling arrangement (1602) has been triggered, it may be configured to settle at a rest position
(such as the position of sampling arrangement (1602) in FIG. 16A) when there are no external
forces (e.g., a patient’s skin) acting on the sampling arrangement (1602). The light-receiving
assembly (1605) may include a detector (1618) comprising a linear array of detector elements
(not shown), and the light-receiving assembly (1605) may be configured to image one or more
portions of the sampling arrangement (1602) when the sampling arrangement (1602) is in the
rest position. It should also be appreciated that the light-receiving assembly (1605) may be able
to image portions of the sampling arrangement (1602) as the sampling arrangement (1602)
deviates from the rest position, although the imaged portions of the sampling arrangement

(1602) may change as the sampling arrangement (1602) is rotated.

[0156] In some variations, the light-receiving assembly (1605) may be positioned
and configured to image the midline (1620) of the reagent pad (1612) when the sampling
assembly (1602) is in the rest position. In other variations, such as depicted in FIG. 16B, the

light-receiving assembly (1605) may be positioned and configured to image the reagent pad
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(1612) (and optionally cap (1614) and open space (1622) around cap (1614), as described in
more detail above) with a viewing area (1624) offset from the midline (1620) of the reagent pad
(1612) on a first side of the midline (1620). When a user’s skin contacts the skin-penetration
member (1610) (such as during a sampling procedure), the contact between the skin and the
skin-penetration member (1610) may cause the sampling arrangement (1602) to rotate toward
the light-receiving assembly (1605) (illustrated in FIG. 16A with arrow (1626)). In these
instances, the sampling arrangement (1602) and the imaging system may be configured such that
rotation of the sampling arrangement (1602) toward the light-receiving assembly (1605) causes
the viewing area (1624) to move toward the midline (1620) of the reagent pad (1612).

Continued rotation of the reagent pad (1612) may move the viewing area (1624) past the midline
(1620) to a second side of the midline (1620), as shown in FIG. 16C. Because the number of
pixels (1628) of the viewing area (1624) that are imaging the reagent pad (1612) may increase as
the viewing area (1624) approaches the midline of the exposed portion of the reagent pad (1612)
(e.g., when the exposed portion of the reagent pad is circular or oval in shape), configuring the
viewing area (1624) to transition from one side of the midline (1620) to the other as the
sampling arrangement (1620) rotates may maximize the number of pixels (1628) that can image

the reagent pad (1612) during this rotation.

[0157] In the variation described above with respect to FIGS. 16A-16C, the
viewing area (1624) imaged by the light-receiving assembly may be parallel to an axis of
rotation of the sampling arrangement. It should be appreciated, however, that the viewing area
(1624) may be perpendicular to the axis of rotation of the sampling arrangement, or may be

otherwise angled relative to the axis of rotation of the sampling arrangement.

[0158] In some variations, the detectors described here may comprise two or
more linear arrays of detector elements. FIG. 18A shows one variation of a sampling
arrangement (1800) comprising a reagent pad (1802) and a cap (1804). An imaging system (not
shown) comprising two linear detector arrays (not shown) may image a first viewing area (1806)
and a second viewing area (1808). Two detector arrays may increase the overall number of
pixels (1810) that visualize the reagent pad (1802). The first and second viewing areas may be
positioned on either side of a midline (1812) of the reagent pad (1802) when the sampling

arrangement (1800) is in a rest position, which may compensate for movement in a direction
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indicated in by line (1814). Specifically, as one of the viewing areas moves away from the

midline, the other viewing area may move toward the midline.

[0159]  While the first and second viewing areas are shown in FIG. 18A as being
parallel, the detector arrays may image viewing areas that a positioned at any suitable angle
relative to each other. For example, FIG. 18B shows the sampling arrangement (1800) describe
above with respect to FIG. 18A. As shown there, the linear detector arrays may be configured to
image a first viewing area (1816) that is perpendicular to a second viewing area (1818). In these
variations, the first and second viewing areas may compensate for movement in multiple
directions. It should be appreciated that the detectors described above may comprise any
suitable number of linear detector arrays (e.g., one, two, or three or more), and these arrays may
have any suitable relative positioning between them. In still other variations, a detector may
comprise a two-dimensional detector array. For example, FIG. 19 depicts a sampling
arrangement (1900) that is may be imaged by a detector (not shown) comprising a two-
dimensional detector array. As shown there, the detector array may image a viewing area (1902)

comprising rows and columns of pixels (1904).

[0160]  As mentioned above, the imaging system may be configured to use one or
more imaged portions of a sampling arrangement as a reference standard. As mentioned above,
the reference standard may be formed from or otherwise include a material having a known
reflectance value. The meter may be configured to correct or otherwise alter one or more
measurements (such as described in more detail above) based on the variation between the
expected reflectance value and the actual reflectance value for the reference standard. Any
suitable portion of the sampling arrangement (or other component of the meter) may be used as a
reference standard. FIGS. 20A-20C depict variations of sampling arrangements in which one or
more portions of the sampling arrangement may be used as a reference standard. FIG. 20A
depicts one variation of a sampling arrangement (2000) comprising a reagent pad (2002) and a
cap (2004), wherein the cap (2004) may be used as a reference standard. FIG. 20B depicts
another variation of a sampling arrangement (2006) comprising a reagent pad (2008) and a cap
(2010), in which a section (2012) of the reagent pad (2008) may be used as a reference standard.
Placing the reference standard closer to the reagent pad (2008) may decrease potential

illumination variations that may occur during imaging. In some variations the reference
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standard section of the reagent pad may be one or more films attached to the reagent pad, or the
reagent pad may be partially coated or printed with a colored material. In other variations, a
reference standard section of a reagent pad may comprise a reagent that produces a
predetermined color change when a sample is applied to the pad, regardless of the analyte
content of the sample. While the reference standard section (2012) is shown in FIG. 20B as
surrounding a periphery of the exposed reagent pad (2008), it should be appreciated that the
reference standard section (2012) may be on any suitable portion or portions of the reagent pad
(2008). For example, FIG. 20C shows a variation of a sampling arrangement (2014) comprising
a reagent pad (2016) and a cap (2018), wherein a strip (2020) extending along the reagent pad

(2016) may act as a reference standard.

[0161]  The imaging systems described here may be configured to measure one or
more specific wavelengths (or ranges of wavelengths) when imaging one or more portions of a
meter, such as a sampling arrangement. For example, in some variations, a reagent pad may be
configured to produce a color change when a sample containing a target analyte is applied to the
reagent pad. The imaging system may be configured to measure a first specific wavelength
reflected from the reagent pad that is associated with the color change. For example, in some
variations a reagent pad may contain one or more reagents which may produce a red color
change when a fluid sample containing a target analyte (e.g., glucose) is applied to the reagent
pad. In these variations, the meter may comprise an imaging system configured to measure this
color change. Specifically, the imaging system may be configured to measure red light that is
reflected off of the reagent pad. For example, the imaging system may be configured to measure
light between about 625 and about 635 nanometers. In some variations, the imaging system may
be configured to measure light at about 630 nanometers. The meter may use these readings to
calculate the concentration of the target analyte (e.g., by using the rate of change of the color of

the reagent pad).

[0162] In some variations, the meter may comprise an imaging system configured
to measure two or more specific wavelengths (or ranges of wavelengths) when imaging one or
more portions of the meter (e.g., a sampling arrangement). For example, in variations where a
reagent pad comprises one or more reagents which may produce a red color change when a fluid

sample comprising a target analyte (e.g., glucose) is applied to the reagent pad, one or more
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components of the fluid sample may affect the color development of the reagent pad. When the
fluid sample comprises blood, red blood cells contained in the blood may contribute to the red
color development, which may affect the concentration calculation of the target analyte.
Because red blood cells absorb blue light, measuring the amount of blue light that is reflected off
a reagent pad may allow for the meter to estimate the hematocrit (i.e., the concentration of red
blood cells) of the fluid sample. The amount of blue light reflected off a reagent pad may be
inversely related to the hematocrit level of the fluid sample. Accordingly, a meter may be
configured to measure both red light and blue light from the reagent pad. When evaluating blue
light, the meter may be configured to measure light between about 465 and about 470
nanometers. In some of these variations, the meter may be configured to measure light about
470 nanometers. The red light measured by the meter may be used to calculate a concentration
of the target analyte, and the blue light measured by the meter may be used to provide a
correction value that may adjust the analyte concentration measurement based on the estimated

hematocrit.

[0163] In some instances, the meter may use one or more wavelengths to
automatically check for the presence of a control solution applied to a sampling assembly. For
example, in some variations, the reagent pad may comprise one or more reagents which produce
a specific color change when the control sample is applied to the reagent pad. This color change
may be used to signal to the meter that a control sample has been applied to the reagent pad (i.e.,
as opposed to a fluid sample for testing). For example, in some instances, the control sample
may be configured to produce a blue color change in addition to a color change that may occur
based on a reaction with a target analyte (e.g., a red color change when glucose is applied to the
reagent pad). The meter may be configured to measure both the red light and the blue light
reflected from the reagent pad. The red light may be used to calculate the concentration of a
target analyte in the control sample, while the blue may indicate the presence of the control
sample. While the level of the blue light may be used to perform hematocrit correction, as
described in more detail above, the blue color change produced by the reaction between the
control sample and the reagent pad may produce a reflectance value outside of any value
expected for a body fluid sample (e.g., blood). The meter may be configured to identify the fluid
sample as a control solution when the blue reflection is outside of this value range. Once the

meter has identified the fluid sample as a control solution, it may compare the calculated
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concentration of the target analyte (e.g., the concentration calculated by the red color change) to
an expected concentration for the control solution. If the calculated concentration deviates from
the expected concentration by more than a certain amount, the meter may be configured to re-

calibrate itself or alert the user that the control solution failed to produce a satisfactory response.

[0164] It should be appreciated that a reagent pad may create any suitable color
change in the presence of a control solution. For example, in some variations the control
solution may yield a color change that changes the reflectance of the pad for green wavelengths
of light (e.g., about 525 nanometers), or any other suitable wavelength of light (including
wavelengths in the visible spectrum, ultraviolet spectrum, infrared spectrum, and the like). It
should be appreciated that different control solutions may result in different reflectance changes,

such that the meter may identify different control solutions when applied to the reagent pads.

[0165]  When a meter is configured to image lights of one or multiple
wavelengths, the meter may be configured to achieve this in any suitable manner. When a meter
is configured to image light at a first wavelength, the meter may comprise a light source that is
configured to output light at the first wavelength. Additionally or alternatively, a light-receiving
assembly of the meter may comprise a filter configured to filter out wavelengths other than the
first wavelength that are received by the light-receiving assembly. Accordingly, the detector
may receive light of the first wavelength. In some of these variations, the meter may comprise a
light source that may be configured to output multiple wavelengths of light, with the additional

wavelengths being removed by the filter.

[0166]  When a meter is configured to image light at two or more wavelengths
(for example, a first wavelength and a second wavelength), the meter may comprise a light
source comprising a plurality of light-emitting components, wherein each light-emitting
component is configured to output a different wavelength. Each light-emitting component may
be any suitable component capable of generating a specific wavelength (e.g., a light-emitting
diode or the like). For example, the light source may comprise a first light-emitting component
configured to output a first wavelength and a second light-emitting component configured to
output a second wavelength. The light source may selectively emit light at the first wavelength
and/or the second wavelength by selectively activating the first and second light-emitting

components. For example, the light source may comprise a RGB LED package which may
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selectively produce red, green, and blue light. In some variations, a light-receiving assembly of
an imaging system of a meter may comprise one or more filters which may selectively filter light
outside of the two or more wavelengths. In some variations, the meter may comprise a dual
bandpass filter which may filter light other than the first and second wavelengths. In these
variations, the filter may help prevent light outside of the selected wavelengths from reaching a
detector of the light-receiving assembly. In some variations, the detector may comprise one or
more photodetectors, which are configured to divide received light into different spectral
components. For example, the detector may comprise a RGB photodetector which may measure
the levels of red, blue, and green light received by the photodetector. In these variations,
polychromatic light may be received by the detector, yet the meter may still be able to image

using two or more wavelengths.

[0167]  When a meter is configured to image light at two or more wavelengths,
they may be imaged simultaneously or sequentially. For example, in variations where a light-
receiving assembly of an imaging system that comprises a detector that may divide received
light into different spectral components, the meter may image light at multiple wavelengths
simultaneously. In some variations, the imaging system may be configured to sequentially
illuminate a portion of the meter (e.g., a sampling arrangement) with lights of different

wavelengths.

[0168] In some variations, the imaging system may be configured to strobe a
light source of a light-generating assembly off and on during imaging. When the light source is
off, light received by the detector may be stray light entering the meter. The meter may be
configured to subtract the level of stray light from readings obtained from the imaging system
when the light source is generating light. When a meter is configured to sequentially illuminate
a sampling arrangement with a plurality of wavelengths, the light source may strobe off between
illuminationwith each wavelength, or may strobe off after illumination with each of the
wavelengths. For example, in variations where a meter is configured to illuminate using a first
wavelength and a second wavelength, the meter may be configured to illuminate using the first
wavelength, strobe off, illuminate using the second wavelength, and strobe off. This may be

repeated as necessary during imaging. Alternatively, the meter may be configured to illuminate
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using the first wavelength, illuminate using the second wavelength, then strobe off. Again, this

may be repeated as necessary to complete a concentration analysis.
[0169] User Verification

[0170] In some variations, the meter housing may comprise one or more user-
verification mechanisms. In these variations, the meter may be configured such that it will only
“unlock™ (e.g., allow a user to perform one or more meter functions, such as performing a
sampling procedure or accessing user data) when an authorized user properly activates the user-
verification mechanism. User-verification mechanisms may be useful in instances where it may
be desirable to prevent or otherwise limit a meter from being used or otherwise activated by an
unintended user. In these instances, a meter may be intended to be used and/or activated by a
single user, or may be intended to be used and/or activated by a specific group of users. For
example, in a healthcare setting (e.g., a hospital, clinic, or the like), a group of patients may each
have individual meters, and a user-verification mechanism may prevent one patient from
inadvertently using another patient’s meter. In other instances, it may be desirable to allow a

healthcare provider to unlock a meter.

[0171]  The meters described here may comprise any suitable user-verification
mechanism. For example, in some variations, a meter may comprise a fingerprint scanner, and
may be configured to store reference data relating to the fingerprint scans for one or more
authorized users. This reference data may be obtained by scanning the fingerprints of one or
more authorized users using the fingerprint scanner, or may be imported to the device memory
via one or more memory cards, data connections, or the like. In order to unlock the meter, the
meter may prompt a user to place a finger on the fingerprint scanner. After scanning the user’s
finger, the meter may compare the scanned information with the stored authorization data. If the
meter determines that the scanned fingerprint is that of an authorized user, the meter may be

configured to unlock.

[0172]  In other variations, a meter may comprise a voice-activated user-
verification mechanism. In some of these variations, the meter may be configured to obtain a
voice sample from a potential user, and compare that voice samples previously collected from

authorized users. In these variations, the meter may be configured to obtain the initial voice
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samples from the authorized users. In others of these variations, the user-verification
mechanism may require a user to speak a certain word or sound (i.e., a verbal password) in order
to unlock the device. In other variations, the user-verification mechanism may require a user to
manually input a password or passcode (e.g., via one or more buttons, switches, or levers) to
unlock the meter. In still other variations, the user-verification mechanism may utilize one or
more devices that may interact with the meter. For example, in some of these variations the
user-verification mechanism may require the presence of an RFID tag, key fob, or memory
card/chip in order to unlock the device. Authorized users may carry one or more of these tags,

fobs or cards.

[0173]  When an authorized user unlocks a meter using one or more user-
verification procedures, the meter may remain unlocked for a set period of time (e.g., thirty
seconds, sixty seconds, or the like) at which point it may return to a locked configuration, or
may remain unlocked until one or more events occur (e.g., completion of a sampling procedure,
powering down of the device, a user input directing the meter to return to a locked
configuration). It should be appreciated that when the device is in a locked configuration, the
meter may be prevented from running an indexing or verification procedure, conducting a
sampling procedure, allowing a user to access stored data, and/or allowing a user to change one

or more device settings (e.g., changing the authorized user or users).

[0174] It should be appreciated that the meters described here may comprise any
suitable number of user-verification mechanisms (e.g., zero, one, two, three, or more). In
variations where a meter comprises multiple user-verification mechanisms, the meter may be
configured to unlock only when all of the user-verification mechanisms have been activated or
may be configured to unlock when a subset of user-verification mechanisms are activated. For
example, in variations where a meter comprises a fingerprint scanner and a password based user-
verification mechanism, the meter may be configured to unlock upon entry of a correct password
or the scanning of an authorized fingerprint, or may be configured to require both the entry of a

correct password and the scanning of an authorized fingerprint.

[0175]  As mentioned briefly above, in some instances a meter may be intended
for use by a single user. One or more of the user-verification mechanisms may help prevent the

meter from being unlocked and/or used by another user, which may reduce the risk of potential
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contamination. For example, when multiple users each have a meter, such as patients in a
hospital or hospice care facility, a user-verification mechanism may help reduce the likelihood
that one user uses another’s meter. Additionally, the user-verification mechanism may prevent

inadvertent use of the meter (e.g., by a child).

[0176] In other instances, a meter may be intended for use by multiple users. In
these variations, the meter may track usage of the meter by different authorized users. In some
of these variations, when the meter determines that the current authorized user is different from
the previous authorized user, the meter may be configured to prompt the current user to sterilize
or otherwise decontaminate one or more portions of the meter housing and/or insert a new

cartridge into the meter.

Meter Operation

[0177]  The meters described above may be used to perform one or more testing
procedures. Generally, during a testing procedure a sampling arrangement may be actuated or
otherwise moved to collect a fluid sample from a sampling site. The fluid may then interact with
one or more quantification members to produce a measurable reaction. This reaction may be
measured or otherwise analyzed by the meter to provide a user with information relating to the
fluid sample. For example, the meters may be configured to measure the glucose concentration

of one or more fluid samples (e.g., a blood sample).

[0178] Initially, a user may load a cartridge (e.g., one of the cartridges described
above) into the meter housing, and may activate the meter. Meter activation may comprise
turning the meter on, or may comprise waking the meter from a hibernation mode. The meter
may be activated before or after inserting a cartridge into the meter housing. In some instances,

insertion of a cartridge into the meter housing may activate a meter.

[0179]  Once a cartridge has been inserted into the meter housing and the meter
has been activated, the meter may be configured to run one or more procedures to check, index,
or otherwise obtain information from the cartridge. For example, in variations where the
cartridge carries information (e.g., via a barcode, memory chip, or the like, as described in more
detail above), the meter may be configured to read or otherwise receive this information from

the cartridge. In variations where the cartridge comprises one or more barcodes, the meter
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housing may be configured to read the one or more barcodes via one or more barcode readers or
other sensors. In some of these variations, reading the one or more barcodes comprises rotating
the cartridge relative to the barcode scanner. Data received or read from the cartridge, such as
one or more calibration codes, may then be uploaded or otherwise integrated into one or more
algorithms for analyzing the fluid sample. In some instances, the meter may determine that a
cartridge is expired based on expiration information received from the cartridge, and may alert

the user to insert a new cartridge.

[0180]  Additionally or alternatively, the meter housing may be configured to
check and/or index the cartridge. In some of these variations, the meter housing may be
configured to check to see if any or all of the sampling arrangements have been previously fired
(inadvertently or as a part of a different testing procedure) and/or whether a covering material or
housing of a cartridge have been compromised. The meter may then create an index of sampling
arrangements that are available for use in a testing procedure (e.g., have not been previously
fired and are housed within a properly sealed cartridge cell) and sampling arrangements that are
unavailable for testing (e.g., have previously been fired and/or are housed within a compromised
cell). If no available testing sites are available, the meter may be configured to alert the user to

insert a fresh cartridge.

[0181] In some variations, an imaging system of a meter housing may check each
sampling arrangement to determine whether the sampling arrangement has been previously fired
and/or inadvertently activated. For example, in some variations of the cartridges described
above, a sampling arrangement may have a pre-fired/cocked position and a post-firing position.
In the pre-fired position, a certain portion or portions of the sampling arrangement (e.g., a
reagent pad) may be outside of the viewing field of the imaging system. Conversely, once the
sampling arrangement has been fired, the same portion or portions of the sampling arrangement
may rest in the viewing field of the imaging system. During the checking procedure, the
imaging system may visualize the interior of the cartridge cell to determine whether the
specified portion or portions of the imaging system are in the viewing field. If the specified
portion is identified, the meter housing may index that sampling arrangement as unavailable.
The cartridge may then be rotated such that the imaging system may check the remaining

cartridge cells.
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[0182]  Additionally or alternatively, the indexing procedure may check the seal
integrity for the individual cells. For example, the variation of meter housing (600) described
above with respect to FIGS. 6A-6D may be configured to check the cartridge (602) seal.
Specifically, when placed inside of cartridge-receiving chamber (608), a cartridge cell may sit
between light source (612) and light detector (618). In variations where the cartridge comprises
one or more viewing windows (not shown), the light source (612) may be directed into the
cartridge through one of the viewing windows. Conversely, one or more opaque covering
materials may prevent light from exiting the cartridge cell through any aperture. If one or more
of the covering materials (and thus the cell seal) is compromised (e.g., defective or previously
pierced by a portion of the meter, such as a penetration member or a punch), light may exit cell
through cartridge, where it may be detected by light detector (618). As such, if light detector
(618) detects light (after controlling for any ambient light inside of the cartridge-receiving
chamber), the meter housing may index the cell as unavailable. The meter housing may then
rotate or otherwise move the cartridge such that the light source (612) may direct light into a
new cell, thereby testing and indexing the remaining cells. Additionally, any suitable light
source (e.g., one or more light sources of an imaging system) may be used to check the cartridge

seal.

[0183]  As the cartridge cells are checked using one or more of the testing
procedures described immediately above, the meter housing may index each cell as either
available (e.g., ready for use) or unavailable (e.g., compromised or previously fired). The meter
housing may store this indexing information for later use. Once the cartridge has been tested
and/or indexed, the meter may be configured to enter a standby or a ready position. When in a
ready position, an aperture of a cartridge cell may be aligned with a port of the meter housing,
such that a sampling arrangement housed in the cartridge may collect a sample through the port.
Alternatively, when in a standby position, the cartridge may be positioned in the meter housing
such that the apertures of the cartridge are out of alignment with the port. As such, the apertures
may be covered or otherwise shielded by the meter housing, such that a user may be unable to
access the apertures. The standby position thus may prevent a user from accessing used
sampling arrangements, which may minimize a user’s potential exposure to used sampling

arrangements and potential needle sticks. In variations where the meter housing is configured to
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rotate the cartridge, the meter housing may rotate the cartridge between standby and ready

positions.

[0184] In variations where the meter housing comprises a punch, the punch may
be used to “open” a cartridge cell (e.g., remove or otherwise break the covering material
overlaying one or more apertures of the cell) prior to placing that cartridge cell in an active
position. In some variations, the cartridge may be configured to enter a ready position
immediately after the cartridge has been indexed/checked. In other variations, the cartridge may
be configured to enter a standby position immediately after the cartridge has been checked. In
these instances, the cartridge may be moved from a standby position to a ready position by
pressing one or more buttons, triggers, or sensors on the meter housing. In variations
comprising a punch, the punch may align with an aperture of a cartridge cell when the meter is
in a standby position. Preferably, an available sampling arrangement may be placed in
alignment with the punch, such that the punch is ready to open the cartridge without first

needing to rotate the cartridge.

[0185]  Once the meter is in a ready position, a user may then initiate a testing
procedure. If a user does not initiate a testing procedure within a preset amount of time, the
meter may return to the cartridge to a standby position and enter a hibernation mode. A user
may initiate a testing procedure in any suitable manner. In some variations, a user may initiate a
testing procedure manually by pressing or otherwise activating a button, switch, lever, or sensor.
Additionally or alternatively, a user may initiate a testing procedure by pressing a sampling site
against a port of the meter. For example, where the meter housing comprises a moveable tower,
such as tower (700) described in more detail above with respect to FIGS. 7A and 7B, pressure
applied to cartridge via the port may cause a portion of the tower or cartridge to engage an
activation element, such as those described above. The engagement between the tower or
cartridge and the activation element may initiate the testing procedure. Similarly, in variations
where the meter comprises a fixed tower, pressure applied to cartridge via the port may cause a
strain, deflection, or other deflection in the tower, which may be measured or sensed by an
activation element such as a strain gauge. As mentioned above, an activation element may

require a certain force or pressure to be applied thereto before initiating the testing procedure. In
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these variations, a testing procedure may be initiated when a certain force or pressure has been

applied to the tower and/or cartridge (e.g., via port) for a predetermined period of time.

[0186]  During a testing procedure, the meter may collect and analyze a fluid
sample. First, a user may place a sampling site (e.g., one or more skin surfaces) against a port.
In some variations, the meter may be configured to apply vacuum, positive pressure, mechanical
stimulation, and/or heat to the sampling site. Any of these stimuli may be applied before,
during, or after collection of the fluid sample. For example, in some variations, a vacuum tube
(such as vacuum tube (805) described above in relation to FIGS. §A and 8B) may penetrate or
otherwise enter the cartridge cell to apply vacuum to the sampling site. One or more sensors in
the meter may monitor and/or control the pressure applied by the vacuum site. After applying a
target pressure (or other stimulus/stimuli) for a desired period of time, the meter may activate a
sampling arrangement to collect a fluid sample. Any suitable trigger mechanism, such as those
described above, may trigger/activate the sampling arrangement. Once triggered, the sampling
arrangement may move to pierce, puncture or otherwise penetrate the sampling site, and obtain a
fluid sample therefrom. The fluid sample may be transported (e.g., pulled through the bore of a
needle and/or spread across a micropatterned surface) such that the fluid sample contacts and
reacts with a quantification member (e.g., a reagent pad). In some variations, the meter may be
configured to determine whether the sampling arrangement has collected a sufficiently large
sample, such as described in U.S. Patent Application Serial No. 12/457,331, the entire content of
which is hereby incorporated by reference. This reaction may produce one or more measurable
results, which may be measured and analyzed by the sampling arrangement. In some variations,
one or more imaging systems, such as those described above, may be used to measure the
reaction between the fluid sample and the quantification member. Additionally, the meter may
be configured to analyze the measured data using one or more methods or algorithms, such as
those described in U.S. Patent Application Serial No. 11/239,122, titled “ANALYTE
DETECTION DEVICES AND METHODS WITH HEMOTCRIT/VOLUME CORRECTION
AND FEEDBACK CONTROL,” the content of which is hereby incorporated in its entirety, and
those described in U.S. Patent Application Serial Nos. 12/457,332 and 12/222,724, the contents
of each were previously incorporated by reference. The meter may then store the results of the

analysis and/or more communicate this information to a user (e.g., via a display or aurally).
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[0187]  In variations where vacuum is applied to a sampling site, the vacuum may
be modulated or changed to improve collection of a fluid sample by the sampling arrangement.
For example, in instances when the sampling site is a skin surface, the application of vacuum
may raise the skin surface, which may pull the skin surface toward and/or into the cartridge cell.
During some testing procedures, a penetration member of a sampling arrangement may come to
rest in a position that may hinder or otherwise impede the ability of the penetration member to
collect blood from the skin surface. To help prevent this occurrence, the meter may be
configured to modulate the pressure of vacuum applied to the skin surface, which may alter the

positioning of the skin surface relative to the penetration member.

[0188]  For example, in some variations the meter may be configured to apply
vacuum to a skin site prior to activating a sampling arrangement, which may raise the skin
surface and pull the skin surface toward the cell cartridge. The vacuum pressure may be
maintained as the sampling arrangement is activated, and a fluid sample is collected. If after a
certain period of time (e.g., about five seconds, about ten seconds, or the like) the meter
determines that the sampling arrangement has not collected a sufficiently large fluid sample, the
meter may be configured to alter the vacuum pressure. For example, in some variations, the
meter may be configured to partially reduce the pressure or turn off the vacuum, which may
cause the skin to relax and lower. In some variations, this may reposition the penetration
member within the punctured skin surface, which may alter or otherwise increase the flow of
blood to the sampling site. In some variations, the meter may be configured to re-apply vacuum
to the skin surface after a certain amount of time (e.g., about one second, about two seconds,
about three seconds, or the like), which may re-raise the skin surface relative to the penetration
member. It should also be appreciated that in some instances, modulation of the vacuum may
comprise increasing the vacuum pressure. In still other variations, the vacuum may be cyclically

modulated to cyclically raise and lower the skin surface relative to the penetration member.
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CLAIMS
What is claimed is:
1. A body fluid sampling meter comprising:
a meter housing; and

a disposable cartridge comprising at least one sampling

arrangement.

2. The meter of claim 1 wherein the at least one sampling

arrangement comprises a hub.

3. The meter of claim 2 wherein the hub comprises a patterned

surface.

4. The meter of claim 3 wherein the patterned surface comprises one

or more posts.

5. The meter of any of claims 3 or 4 wherein the patterned surface

COl’an’iSCS one or more vents.

6. The meter of any of one of claims 2 to 5 further comprising a
spring member for moving the hub relative to the disposable

cartridge.

7. The meter of claim 6 wherein the spring comprises a torsional

spring.

8. The meter of any one of claims 1 to 7 wherein the meter housing

comprises a tower.

9. The meter of claim 8 wherein the tower is fixed relative to the

meter housing.
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10.

11.

12.

13.

14.

15.

16.

The meter of claim 8 wherein the tower is moveable relative to the

meter housing.

The meter of any one of claims 8 to 10 wherein the meter

comprises an imaging system housed within the tower.

An integrated body fluid sampling meter comprising:

a meter housing comprising a light source and a first detector; and

a disposable cartridge insertable into the meter housing and
comprising a plurality of cells, wherein each cell has a first wall
comprising a viewing window and a second wall comprising a light-

blocking covering,

wherein one of the plurality of cells is positionable between the light

source and the first detector.

The meter of claim 12 wherein the disposable cartridge is rotatable

within the meter housing.

The meter of claim 13 wherein the meter is configured to initiate
an indexing protocol upon insertion of the disposable cartridge
into the meter housing, wherein the integrity of each cell is

checked.

The meter of claim 14 further comprising a processor, and wherein
the processor is configured to index each cell as either available or

used during the indexing protocol.

The meter of claim 15 wherein the meter housing comprises a
contact pad and wherein the disposable cartridge is movable
between a testing position, where an available cell is aligned with
the contact pad, and a standby position, where each of the plurality

of cells is out of alignment with the contact pad.
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17.

18.

19.

20.

21.

22.

23.

24.

The meter of any one of claims 12 to 16 wherein the light-

blocking covering is a foil seal.

The meter of claim 17 wherein the meter housing comprises a

punch for puncturing the foil seal.

The meter of any one of claims 12 to 18 wherein the disposable

cartridge is substantially cylindrical.

The meter of any one of claims 12 to 19 wherein the disposable

cartridge has a barcode thereon.

The meter of any one of claims 12 to 20 wherein the light source is

a LED.

The meter of any one of claims 12 to 21 comprising a second

detector.

The meter of any one of claims 12 to 22 wherein each cell
comprises a sampling arrangement, wherein the sampling

arrangement comprises a needle and an assay pad.
An integrated body fluid sampling meter comprising:

a meter housing comprising a contact pad, the contact pad moveable

upon application of force to the meter;

a tower held inside the meter housing, wherein the tower is
configured to hold a disposable cartridge, the disposable cartridge

comprising a plurality of sampling arrangements; and

an activation element within the meter housing, wherein the
activation element is actuatable to initiate a fluid sampling protocol,
and wherein application of a predetermined force to the disposable

cartridge via the contact pad may actuate the activation element.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

The meter of claim 24 wherein the tower is fixed relative to the

meter housing.

The meter of claim 25 wherein the activation element comprises a

strain gauge coupled to the tower.

The meter of claim 26 wherein application of the predetermined
force to the disposable cartridge causes a deflection in the tower,

and wherein the strain gauge measures the deflection in the tower.

The method of claim 24 wherein the tower is moveable relative to

the meter housing

The meter of claim 28 wherein the activation element is a switch,

and wherein movement of the tower triggers the switch.

The meter of any one of claims 24, 25, 28, or 29 wherein the

activation element is a force sensor.

The meter of any of claims 28 to 30 wherein the tower is attached

to the meter housing via a pin.

The meter of claim 31 wherein the pin is slidable relative to the

meter housing.

The meter of claim 31 or 32 wherein the tower is rotatable around

the pin.

The meter of any one of claims 24 to 33 further comprising a

detector held within the tower.

The meter of any one of claims 24 to 34 further comprising an
optical system, wherein the disposable cartridge comprises a
plurality of viewing windows, and wherein the optical system
optically connects the detector to one of the plurality of viewing

windows.
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36.

37.

38.

39.

40.

The meter of any one of claims 24 to 35 wherein the tower is
configured to fit at least partially within a recess of the disposable

cartridge.

The meter of claim 36 further comprising a rotation element for

rotating the disposable cartridge around the tower.
An integrated body fluid sampling meter comprising:
a meter housing comprising a tower and an activation element; and

a cartridge engaging the tower, wherein the cartridge comprises a
plurality of sampling arrangements, and wherein the tower is
moveable within the meter housing to actuate the activation element

to initiate a sampling protocol.
A method for sampling a body fluid comprising:

positioning a body fluid sampling meter adjacent to a sampling
site, wherein the body fluid sampling meter comprises a meter
housing having a contact pad, an activation element, and a tower
within the meter housing, and configured to hold a disposable

cartridge having a plurality of sampling arrangements; and

automatically sampling the sampling site with one of the plurality
of sampling arrangements when the contact pad applies a force to

the disposable cartridge to actuate the activation element.
A meter for sampling a body fluid comprising:
a meter housing comprising a tower and an imaging system; and

a cartridge insertable into the meter housing and comprising a

plurality sampling arrangements.
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41.

42.

43.

44,

45.

46.

47.

48.

49.

The meter of claim 40 wherein the tower is held inside the meter
housing, and wherein the tower is configured to engage the

cartridge.

The meter of claim 41 wherein at least a portion of the tower fits
within a recess in the cartridge when the tower engages the

cartridge.

The meter of claim 40 or 41 wherein the imaging system is housed

at least partially within the tower.

The meter of any of claims 40 to 43 wherein the imaging system
comprises a light-generating assembly and a light-receiving

assembly.

The meter of claim any of claims 40-44 wherein the meter is
configured to position the cartridge to align a first sampling
arrangement of the plurality of sampling arrangements with the

imaging system.

The meter of claim 45 wherein the first sampling arrangement is

moveable between a pre-fired position and a rest position.

The meter of claim 46 wherein a torsional spring is configured to
move the first sampling arrangement between the pre-fired

position and a rest position.

The meter of claim claims 46 or 47 wherein the first sampling
arrangement comprises a latch configured to hold the first

sampling arrangement in the pre-fired position.

The meter of claim any of claims 46 to 48 further comprising a
triggering mechanism to release the first sampling arrangement

from the pre-fired position.
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50.

S1.

52.

53.

54.

55.

56.

The meter of claim 49 wherein the triggering mechanism

comprises a vacuum pin.

The meter of claim any one of claims 46 to 50 wherein the light-
receiving assembly is configured to image a portion of the first
sampling arrangement when the first sampling arrangement is in

the rest position.

The meter of claim 51 wherein the first sampling arrangement
comprises a reagent pad having a midline, and wherein the light-
receiving assembly is configured to image a portion of the reagent

pad when the first sampling arrangement is in the rest position.

The meter of claim 52 wherein the light-receiving assembly
comprises a linear detector array, wherein the light-receiving
assembly is configured to image a linear viewing area of the
reagent pad when the first sampling arrangement is in the rest

position.

The meter of claim 53 wherein the linear viewing area is
positioned on a first side of the midline when the first sampling

arrangement is in the rest position.

The meter of claim 54 wherein rotation of the first sampling
arrangement from the resting position toward the pre-fired position

moves the viewing area in a direction toward the midline.

The meter of any one of claims 51 to 55 wherein the first sampling
arrangement further a cap positioned over at least a portion of the
reagent pad, and wherein the light-receiving assembly is
configured to image a portion of the reagent pad and a portion of

the cap.
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57.

58.

The meter of claim 56 wherein the light-receiving assembly is
further configured to image a portion of an open space on at least

one side of the cap.

The meter of claim 57 wherein the meter is configured to cancel
more one or more readings from the light-receiving assembly
when light received by the portion of the light-receiving assembly
imaging the portion of the open space reaches a predetermined

threshold.
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