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PORTABLE SAMPLE ANALYZER WITH REMOVABLE CARTRIDGE

Field

[Para 1] This application claims priority to provisional patent
application Ser. No. 60/571,235 filed May 14, 2004, which is relied on

and incorporated herein by reference.

Background

[Para 2] The present invention generally relates to sample
analyzers, and more particular, to sample analyzers and cartridges
that can be used at the point of care of a patient, such as in a doctor’s
office, in the home, or elsewhere in the field.

[Para 3] Particle discrimination methods are useful in a variety of
clinical assays, such as in determining the number and types of cells in
a blood sample, detecting bacterial or virus particles in a body fluid
sample, and assaying cell volumes and density. Detection of non-
cellular particles, such as proteins and analyte in for example, a urine
sample, is also valuable in certain clinical tests. Analysis of crystals
and other particles in fluid suspension also has important industrial
uses.

[Para 4] One method which allows rapid and efficient particle
discrimination in a particle-suspension sample is flow cytometry. In
this method, a suspension of particles, typically cells in a blood
sample, is transported through a flow channel where the individual
particles in the sample are illuminated with one or more focused light

beams. The interaction of the light beam(s) with the individual
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particles flowing through the flow channel is detected by one or more
light detectors. Commonly, the detectors are designed to measure
light absorption or fluorescence emission, at specific beam or
emission wavelengths, and/or light scattering at specific scattering
angles. Thus, each particle that passes through the flow channel can
be characterized as to one or more features related to its absorption,
fluorescence, light scattering or other optical or electrical properties.
The properties that are measured by the detectors may allow each
particle to be mapped into a feature space whose axes are the light
intensities or other properties which are measured by the detectors. In
the ideal, the different particles in the sample map into distinct and
non-overlapping regions of the feature space, allowing each particle to
be analyzed based on its mapping in the feature space. Such analysis
may include counting, identifying, quantifying (as to one or more
physical characteristics) and/or sorting of the particles.

[Para 5] Two general types of light scattering measurements are
routinely made in flow cytometry. Light intensity measurements made
at small angles (about 1.5-13 degrees with réespect to the incident
light beam), usually called forward or small-angle scattering, give
information on cell size. Forward scattering also strongly depends on
the difference of refraction between cells and the extra-cellular
medium, so that cells with damaged membranes, for example, can be
distinguished. Light intensity measurements made at an angle of

about 65 degrees -115 degrees from the incident light, usually
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referred to as orthogonal or large angle scattering, can provide
information about the size and degree of structure of particles.

[Para 6] Simultaneous light scattering measurements at different
angles or in combination with absorption or fluorescence
measurements have been proposed in flow cytometry methods. For
example, absorption of light in combination with light scattering can
be used in flow cytometry to distinguish between erythrocytes and
thrombocytes, and between lymphocytes, mbnocytes, basophilic
granulocytes, eosinophilic granulocytes, and neutrophilic granulocytes.
However, this method sometimes requires staining of the cells, and is
therefore rather complex and may preclude using the cells for further
study after cell sorting.

[Para 7] Light scattering measurements combined with circular
dichroism (CD) and optical rotatory dispersion (ORD) also have the
potential for particle discrimination in suspensions of virus particles or
cells. Studies of the effect of Mie (isotropic particle) scattering on the
CD and ORD spectra of DNA in viral particles suggest that scattering
measurements can be used to correct ORD and CD measurements in
larger biological structures, such as virus particles and cells, to allow
particle discrimination on the basis of characteristic ORD and CD
characteristics. Differential scattering of right and left circularly
polarized light, for discrimination of a number of different
microorganisms, has also been demonstrated. The circular intensity
differential scattering (CIDS) method is like CD, which exploits the

differential absorption of left and right circularly polarized light, but
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takes advantage of differential scattering by helical structures, such as
DNA, of right and left circularly polarized light.

[Para 8] Typically, such particle discrimination methods are
implemented, at least in part, using one or more pieces of equipment,
collectively herein called a sample analyzer. Many sample analyzers
are rather large devices that are used in a laboratory environment by
trained personnel. To use many sample analyzers, a collected sample
must first be processed, such as by diluting the sample to a desired
level, adding appropriate reagents, centrifuging the sample to provide
a desired separation, etc., prior to providing the prepared sample to
the sample analyzer. To achieve an accurate result, such sample
processing must typically be performed by trained personnel, which
can increase the cost and time required to perform the sample
analysis.

[Para 9] Many sample analyzers also require operator intervention
during the analysis phase, such as requiring additional information
input or additional processing of the sample. This can further increase
the cost and time required to perform a desired sample analysis. Also,
many sample analyzers merely provide raw analysis data as an output,
and further calculations and/or interpretation must often be
performed by trained personnel to make an appropriate clinical

decision.

Summary
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[Para 10] The present invention generally relates to sample
analyzers, and more particular, to sample analyzers with removable
and/or disposable cartridges for use at the point of care of a patient
such as in a doctor’s office, in the home, or elsewhere in the field. By
providing a removable and/or disposable cartridge with all of the
needed reagents and/or fluids, the sample analyzer can be reliably
used outside of the laboratory environment, with little or no
specialized training. This may, for example, help streamline the
sample analysis process, reduce the cost and burden on medical or
other personnel, and increase the convenience of sample analysis for
many patients, including those that require relatively frequent blood
monitoring/analysis.

[Para 11] In one illustrative embodiment of the present invention, a
sample analyzer is provided that has a removable cartridge that
receives a collected sample, such as a collected whole blood sample,
and once the removable cartridge is installed and the analyzer is
activated, the analyzer and cartridge automatically processes the
sample and the analyzer provides sufficient information for the user to
make a clinical decision. In some embodiments, the analyzer displays
or prints out quantitative results (e.g. inside and/or outside of a
predefined range), such that no further calculations or interpretation is
required by the user.

[Para 12] The sample analyzer may be used to, for example,
determine the number and/or types of cells in a blood sample, detect

bacterial or virus particles in a fluid, food or other sample, and/or
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assay cell volumes and densities in a sample. The sample analyzer may
also be used for detection of non-cellular particles, such as uric acid
crystals in a urine sample, as well as crystals and other particles in
fluid suspension, and/or for any other suitable type of analysis, as
desired.

[Para 13] In one illustrative embodiment, the analyzer includes a
housing and a removable fluidic cartridge, wherein the housing is °
adapted to receive the removable fluidic cartridge. In some cases, the
removable fluidic cartridge is a disposable cartridge. In one illustrative
embodiment, the removable fluidic cartridge may include one or more
reagénts (e.g. lysing reagents, sphering reagents, dilutent, etc.), one
or more analysis channels, one or more flow sensors, one or more
valves, and/or a fluidic circuit that is adapted to process (e.g. lyse,
sphere, dilute, mix, etc.) a sample and deliver processed sample(s) to
the appropriate analysis channels on the cartridge. To support the
card, the housing may include, for example, a pressure source, one or
more light sources, one or more light detectors, a processor and a
power source. The pressure source may provide appropriate
pressure(s) to the removable fluidic cartridge ports to drive the fluids
as required through the fluidic circuit. The one or more light sources
of the analyzer may be used to interrogate the prepared sample in at
least selected analysis channels of the removable cartridge, and the'
one or more light detectors of the analyzer may detect the light that
passes through, is absorbed by and/or is scattered by the sample.

The processor may be coupled to at least some of the light sources
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and detectors, and may determine one or more parameters of the
sample. In some embodiments, the one or more analysis channels on
the removable fluidic cartridge may include one or more flow
cytometry channels and/or one or more absorption channels, but this
is not required in all embodiments.

[Para 14] In some illustrative embodiments, a whole blood sample
may be provided to the removable fluidic cartridge, and the removable
cartridge may be adapted to perform a blood analysis, such as a
complete blood count (CBC) analysis. To count and classify, for
example, the red blood cells in the whole blood sample, a pdrtion of
the whole blood sample may be partitioned and provided to a red
blood cell measurement channel in the removable cartridge. The .
portion of the blood sample that is provided to the red blood cell
measurement channel may be diluted if desired, the red blood cells
may be sphered on the fly, the resulting sample may be
hydrodynamically focused for core formation and ultimately provided
to a first cytometry channel in the removable cartridge.

[Para 15]In some cases, the first cytometry channel may be located
along or under a first transparent flow stream window in the
removable cartridge so that the cells/platelets in the flow stream may
be optically interrogated by a first light source and a first light
détector. A flow sensor may also be provided on the removable
cartridge to provide a measure of the flow rate through the first

cytometry channel.
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[Para 16] In some cases, the measured parameters may include, for
example, sample flow rate (FR), measurement time (T) duration,
sample dilution factor (DF), number of red blood cells counted (Ngs),
number of platelets counted (Npi), the diameter of each cell (drbc) and
hemoglobin concentration of each cell (CHC). From these parameters,
a number of red blood cell analysis parameters may be calculated
including, for example, a red blood cell count (RBC), a platelet count
(Plt), a mean cell hemoglobin concentration (MCHC), a mean cell
volume (MCV), a mean cell hemoglobin content (MCH), a relative
distribution width (RDW), a Hematocrit parameter (Hct) and/or a
hemoglobin concentration (Hb).

[Para 17] In some embodiments, some of the blood sample may
also be directed to an absorption measurement channel on the
removable cartridge. The absorption measurement channel may be
located along a transparent window so that the blood sample can be
optically interrogated by a corresponding light source and light
detector. Another flow sensor may be provided on the removable
cartridge, if desired, to provide a measure of the flow rate into or
through the absorption measurement channel, but this is not required.
The absorption channel may be used to measure the absorption level
of the incident light. The absorption level may provide, for example, a
measure of the mean or bulk cell hemoglobin concentration in the
blood sample.

[Para 18] To count and classify white blood cells, a portion of the

whole blood sample may be partitioned and provided to a white blood
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measurement channel in the removable cartridge. The blood sample
provided to the white blood measurement channel may be, for
example, diluted if desired, the red blood cells may be lysed on the fly,
the resulting sample may be hydrodynamically focused for core
formation and ultimately provided to a second cytometry channel. The
second cytometry channel may also be located along or under a
transparent flow stream window of the removable cartridge so that the
cells in the flow stream can be optically interrogated by a
corresponding light source and detector. In some cases, a flow sensor
may be provided on the removable cartridge to provide a measure of
the flow rate through the second cytometry channel.

[Para 19]In some cases, illustrative measured parameters of the white
blood cell measurement channel may include, for example, three (3) or
(5) part white cell differentiation, total white blood cell count and/or
on-axis white blood cell volume. Other parameters may also be
measured or calculated, depending on the desired application. In
some cases, stains and/or fluorescent tags may be added to the
sample prior to providing the sample to the second cytometry channel,

which in some cases, may aid in cell differentiation.

Brief Description

[Para 20] Figure 1 is a perspective view of an illustrative sample
analyzer and cartridge in accordance with the present invention;

[Para 21] Figure 2 is a schematic view of the illustrative sample

analyzer and cartridge of Figure 1;
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[Para 22] Figure 3 is‘a more detailed schematic diagram showing
. the‘flow control of the sample analyzer and cartridge of Figure 2;

[Para 23] Figure 4 is a schematic view of certain features of an
illustrative cartridge in accordance with the present invention;

[Para 24] Figure 5 is a schematic view of a number of illustrative
storage reservoirs that can be included in a cartridge in accordance
with the present invention;

[Para 25] Figure 6 is a schematic flow diagram showing an
illustrative method for analyzing a blood sample in accordance with
the present invention;

[Para 26]  Figure 7 is a flow diagram showing an illustrative method
for obtaining a number of red blood cell parameters in accordance
with the present invention; |

[Para 27] Figure 8 is a schematic flow diagram showing another
illustrative method for analyzing a blood sample in accordance with
the present invention;

[Para 28] Figure 9 is a schematic flow diagram showing an
illustrative method for operating a sample analyzer in accordance with
the present invention;

[Para 29] Figure 10 is a flow diagram showing another illustrative
method for operating a sample analyzer in accordance with the
present invention;

[Para 30] Figure 11 is a flow diagram showing another illustrative
method for operating a sample analyzer in accordance with the

present invention; and

10
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[Para 31] Figure 12 is a flow diagram showing another illustrative
method for operating a sample analyzer in accordance with the

present invention.

Description

[Para 32] Figure 1 is a perspective view of an illustrative sample
analyzer and cartridge in accordance with the present invention. The
illustrative sample analyzer is generally shown at 10, and includes a
housing 12 and a removable or disposable cartridge 14. The
illustrative housing 12 includes a base 16, a cover 18, and a hinge 20
that attaches the base 16 to the cover 18, but this is not required. In
the illustrative embodiment, the base 16 includes a first light source
22a, a second light source 22b, and a third light source 22c, along
with associated optics and the necessary electronics for operation of
the sample analyzer. Each of the light sources may be a single light
source or multiple light souvrces, depending on the application. In
some cases, the overall dimensions of the housing may be less than 1
cubic foot, less than one-half cubic foot, less than one-quarter cubic
foot, or smaller, as desired. Likewise, the overall weight of the
housing may be less than 10 pounds, less than 5 pounds, less than
one pound, or less, as desired.

[Para 33] The illustrative cover 12 includes a pressure source (e.g.
pressure-chambers with control microvalves), a first light detector
24a, a second light detector 22b, and a third light detector 22c, each

with associated optics and electronics. Each of the light detectors may
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also be a single light detector or multiple light detectors, depending
on the application. Polarizers and/or filters may also be provided, if
desired, depending on the application.

[Para 34] The illustrative removable cartridge 14 is adapted to
receive a sample fluid via a sample collector port, which in the
illustrative embodiment, includes a lancet 32. The lancet 32 may be
retractable and/or spring loaded, in some embodiments. A cap 38
may be used to protect the sample collector port and/or lancet 32
when the removable cartridge 14 is not in use.

[Para 35] In the illustrative embodiment, thé removable cartridge 14
performs a blood analysis on a whole blood sample. The lancet 32
may be used to prick the finger of the user to produce a sample of
blood, which through capillary action, may be drawn into an anti-
coagulant coated capillary in the removable cartridge 14. The
removable cartridge 14 may be constructed similar to the fluidic
circuits available from Micronics Technologies, some of which are
fabricated using a laminated structure with etched channels. However,
it is contemplated that the removable cartridge 14 may be constructed
in any suitable manner including by injection molding or any other
suitable manufacturing process or method, as desired.

[Para 36] During use, and after a blood sample has been drawn into
the removable cartridge 14, the removable cartridge 14 may be
inserted into the housing when the cover 18 is in the open position. In
some cases, the removable cartridge 14 may include holes 26a and

26b for receiving registration pins 28a and 28b in the base 16, which

12



WO 2005/114142 _ PCT/US2005/016769

may help provide alignment and coupling between the different parts
of the instrument. The removable cartridge 14 may also include a first
transparent flow stream window 30a, a second transparent flow
stream window 30b and a third transparent window 30c, which are in
alignment with the first, éecond and third light sources 22a, 22b and
22¢, and the first, second and third light detectors 24a, 24b and 24c,
respectively. |

[Para 37] When the cover is moved to the closed position, and the
system is pressurized, the cover 18 may provide controlled pressures
via pressure providing ports 36a, 36b, 36¢c, and 36d to pressure
receiving ports 34a, 34b, 34c and 34c, respectively, in the illustrative
removable cartridge 14. It is contemplated that more or less pressure
providing and pressure receiving ports may be used, depending on the
application. Alternat‘ively, or in addition, it is contemplated that one or
more micro-pumps, such as electrostatically actuated meso pumps,
may be provided on or in the removable cartridge 14 to provide the
necessary pressures to operate the fluidic circuit on the removable
cartridge 14. Some illustrative electrostatically actuated meso pumps
are described in, for example, U.S. Patent Numbers 5,836,750,
6,106,245, 6179,586, 6,729,856, and 6,767,190, all assigned to the
assignee of the present invention, and all incorporated herein by
reference.

[Para 38] Once pressurized, the illustrative instrument may perform
a blood analysis on the collected blood sample. In some cases, the

blood analysis may include a complete blood count (CBC) analysis, but

13
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other types of analysis can be performed, depending on the
application.

[Para 39] To count and classify red blood cells, a portion of the
whole blood sample may be partitioned and provided to a red blood
measurement channel in the removable cartridge 14. The blood
sample may then be diluted if desired, the red blood cells may be
sphered on the fly, the resulting sample may be hydrodynamically
focused for core formation and ultimately provided to a first cytometry
channel. The first cytometry channel may be located along the first
transparent flow stream window 30a of the removable cartridge 14 so
that the cells in the flow stream can be optically interrogated by the
first light source 22a and the first light detector 24a. In some cases, a
first flow sensor may be provided on the removable cartridge 14 to
provide a measure of the flow rate through the first cytometry channel.
[Para 40] In some cases, the measured parameters may include, for
example, sample flow rate (FR), measurement time (T) duration,
sample dilution factor (DF), number of red blood cells counted (Nrg),
number of platelets counted (Npi), the diameter of each cell (drbc) and
hemoglobin concentration of each cell (CHC). From these parameters,
a number of red blood cell analysis parameters may be calculated
including, for example, a red blood cell count (RBC= Ngrg/(DFxFRxT)), a
platelet count (Plt = Np/(DFXFRxT)), a mean cell hemoglobin
concentfation (MCHC = <CHC>), a mean cell volume (MCV =
(n/6)x%drbc3>), a mean cell hemoglobin content (MCH =

(1r/6)x<drbc3xCHC>), a relative distribution width (RDW = Standard
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Deviation of [(1r/6)xdrbc3]/MCV), a Hematocrit parameter (Hct =
RBCxMCV) and/or a hemoglobin concentration (Hb = MCHCxHct).
[Para 41] In some embodiments, some of the blood sample is also
directed to an absorption measurement channel. The absorption
measurement channel may be located along the third transparent
window 30c of the removable cartridge 14 so that the blood sample
can be optically interrogated by the third light source 22c¢ and the
third light detector 24c. A flow sensor may be provided on the
removable cartridge 14 to provide a measure of the flow rate into or
through the absorption measurement channel. The absorption
measurement channel may provide a measure of the absorption of the
incident light provided by the third light source 22¢c. The measured
absorption level may provide an indication of the bulk or mean cell
hemoglobin concentration in the blood sample.

[Para 42] To count and classify white blood cells, a portion of the
whole blood sample may be partitioned and provided to a white blood
'measurement channel in the removable cartridge 14. The blood
sample may then be diluted if desired, the red blood cells may be
lysed on the fly, the resulting sample may be hydrodynamically
focused for core formation and ultimately provided to a second
cytometry channel. The second cytometry channel may be located
along the second transparent flow stream window 30b of the
removable cartridge 14 so that the cells in the flow stream can be
optically interrogated by the second light source 22b and the second

light detector 24b. A flow sensor may be provided on the removable
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cartridge 14 to provide a measure of the flow rate through the second
cytometry channel. In some cases, measured white blood cell
parameters may include, for example, three (3) or (5) part white cell
differentiation, total white blood cell count and/or on-axis white blood
cell volume. Other parameters may also be measured or calculated,
depending on the application.

[Para 43] Figure 1 shows one illustrative sample analyzer and
cartridge assembly. However, it is contemplated that other sample
analyzer configurations may be used. For example, the sample
analyzer 10 and removable cartridge may be similar to that described
in U.S. Patent Application 2004/0211077 to Schwichtenberg et al.,
which is incorporated herein by reference.

[Para 44] In some cases, the sample analyzer 10 is adapted to be
used at the point of care of a patient such as in a doctor’s office, in the
home, or elsewhere in the field. The ability to provide a sample
analyzer 10 that can be reliably used outside of the laboratory
environment, with little or no specialized training, may help streamline
the sample analysis process, reduce the cost and burden on medical
personnel, and increase the convenience of sample analysis for many
patients, including those that require relatively frequent blood
monitoring/analysis.

[Para 45] During operation, the sample analyzer 10 may receive a
collected sample, such as a collected whole blood sample, and once
the analyzer is activated, the sample analyzer 10 may automatically

process the sample and provide information to the user to make a
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clinical deciéion. In some embodiments, the sample analyzer 10 may
display or print out quantitative results (e.g. inside and/or outside of a
predefined range), such that no further calculations or interpretation is
required by the user. |

[Para 46] Figure 2 is a schematic view of the illustrative sample -
analyzer and cartridge of Figure 1. As detailed above, and in the
illustrative embodiment, the base 16 may include a number of light
sources 22, associated optics and the necessary control and
processing electronics 40 for operation of the analyzer. The base 16
may also include a battery 42, transformer or other power source. The
cover 12 is shown having a pressure source/flow control block 44 and
a number of light detectors 24 with associated optics.

[Para 47] The removable cartridge 14 may receive a sample fluid via
the sample collector port or lancet 32. When pressurized by the
pressure source/flow control block 44, the removable cartridge 14
may perform a blood analysis on the received blood sample. In some
embodiments, and as described above, the removable cartridge 14
may include a number or reagents 49, and a fluidic circuit for mixing
the reagents with the blood sample to prepare the blood sample for
analysis. Also, the removable cartridge 14 may in.clude a number of
flow sensors to help control and/or verify the proper operation of the
fluidic circuit.

[Para 48] In some cases, the blood sample is prepared (e.g. lysed,
sphered, stained, diluted and/or otherwise processed) and then

hydrodynamically focused for core formation in one or more on-board

17



WO 2005/114142 A PCT/US2005/016769

cytometry channels, such as cytometry channel 50. In the illustrative
embodiment, the cytometry channel 50 is routed past a transparent
flow stream window such as the first transparent flow stream window
30a in the removable cartridge 14. An array of light sources 22 and
associated optics in the base 16 may provide light through the core
stream via the flow stream window 30a. An array of light detectors 24
and associated optics may receive scattered and non-scattered light
from the core, also via the flow stream window 30a. The controller or
processor 40 may receive output signals from the array of detectors
24, and may differentiate and/or counts selected cells that are present
in the core stream.

[Para 49] It is contemplated that the removable cartridge 14 may
include a fluid control block 48 for helping to control the velocity of at
least some of the fluids on the removable cartridge 14. In the
illustrative embodiment, the fluid control block 48 may include flow
sensors for sensing the velocity of the various fluids and report the
velocities to the controller or processor 40. The controller or
processor 40 may then adjust one or more control signals,. which are
provided to the pressure source/flow control block 44, to achieve the
desired pressures and thus the desired fluid velocities for proper
operation of the analyzer.

[Para 50] Because blood and other biological waste can spread
disease, the removable cartridge 14 may include a waste reservoir 52
downstream of the illustrative cytometry channel 50. The waste

reservoir 52 may receive and store the fluid of the flow stream in the
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removable cartridge 14. When a test is completed, the removable
cartridge 14 ‘'may be removed from the analyzer and disposed of,
preferably in a container compatible with biological waste.

[Para 51] Figure 3 is a more detailed schematic diagram showing
the flow control of the sample analyzer and cartridge of Figure 2. In
the illustrative émbodiment, the pressure source/flow controller 44 in
the cover 18 provides five controlled pressures including a Sample
Push (P) pressure 36a, a lyse (L) pressure 36b, a sphere (SP) pressure
36¢c, a sheath (S‘H) pressure 36d, and a diluent (D) pressure 36e.
These are only illustrative, and it is contemplated that more, less or
different pressures (e.g. stain pressure to a stain reservoir) may be
provided by pressure source/flow controller 44, depending on the
application. Also, it is contemplated that the cover 18 may not include
a pressure source/flow controller 44 at all. Instead, the removable
cartridge 14 may include an on-board pressure source, such as a
compressed air reservoir, one or more micro-pumps such as
electrostatically actuated meso pumps as described above, or any
other suitable pressure source, as desired. The array of light sources
and detectors are not shown in Figure 3.

[Para 52] In the illustrative embodiment, pressure source 36a
provides pressure to a blood sample reservoir 62 via a pusher fluid 65,
pressure source 36b provides pressure to a lyse reservoir 64, pressure
source 36¢ provides pressure to a sphere reservoir 66, pressure
source 36d provides pressure to a sheath reservoir 68, and pressure

source 36e provides pressure to a diluent reservoir 70.
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[Para 53] In one illustrative embodiment, each pressure source may
include a first pressure chamber for receiving an input pressure, and a
second pressure chamber for providing a controlled pressure to the
removable cartridge. A first valve may be provided between the first
pressure chamber and the second pressure chamber for controllably
releasing the pressure in the first pressure chamber to the second
pressure chamber. A second valve, in fluid communication with the
second pressure chamber, may controllably vent the pressure in the
second pressure Ehamber to atmosphere. This may allow the pressure
source/flow controller 44 to provide a controlled pressure to each of
the pressure receiving ports on the removable cartridge 14. Each valve
may be an array of electrostatically actuated microvalves that are
individually addressable and controllable, as described in, for example,
co-pending U.S. Patent Application Serial Number 09/404,560,
entitled “ADDRESSABLE VALVE ARRAYS FOR PROPORTIONAL PRESSURE
OR FLOW CONTROL’, and incorporated herein by reference.
Alternatively, each valve may be an array of electrostatically actuated
microvalves that are pulse modulated with a controllable duty cycle to
achieve a controlled “effective” flow or leak rate. Other valves may
also be used, if desired.

[Para 54] The illustrative removable cartridge 14 includes five
pressure receiving ports 34a, 34b, 34c, 34d and 34e, each for
receiving a corresponding controlled pressure from the pressure
source/flow controller 44. In the illustrative embodiment, the

pressure receiving ports 34a, 34b, 34c, 34d and 34e direct the
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controlled pressures to the blood reservoir 62, the lyse reservoir 64,
the sphere reservoir 66, the sheath reservoir 68, and the diluent
reservoir 70, respectively. The lyse reservoir 64, sphere reservoir 66,
sheath reservoir 68 and diluent reservoir 70 may be filled before the
removable cartridge 14 is shipped for use, while the blood reservoir 62
may be filled in the field via sample collector port or lancet 32.

[Para 55] As shown, a flow sensor may be provided in-line with
each or selected fluids. Each flow sensor 80a-80e may measure the
velocity of the corresponding fluid. The flow sensors 80a-80e are
preferably thermal anemometer type flow sensors, and more
preferably microbridge type flow sensor. Microbridge flow sensors are
described in, for example, U.S. Patent No. 4,478,076, U.S. Patent No.
4,478,077, U.S. Patent No.' 4,501,144, U.S. Patent No. 4,651,564, U.S.
Patent No0.4,683,159, and U.S. Patent No. 5,050429, all of which are
incorporated herein by reference. An output signal from each flow
sensor 80a-80e may be provided to controller or processor 40. The
controller or processor 40 may provide control signals to the pressure
source/controller 44, as shown. For example, to control the pressure
provided to the blood sample, the controller or processor 40 may open
a first valve between a first pressure chamber and a second pressure
chamber in the pressure source/controller 44 for controllably
releasing a pressure in the first pressure chamber to the second
pressure chamber when the velocity of the blood sample drops below
a first predetermined value. Likewise, the controller or processor 40

may open a second valve that vent the pressure in the second pressure
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chamber when the velocity of the blood sample increases above a
second predetermined value. The controller or processor 40 may
control the velocities of the lysing reagent, sphering reagent, sheath
fluid and diluent in a similar manner.

[Para 56] In some cases, the controller or processor 40 may detect
one or more changes in the flow rate passing through a flow channel.
A change in flow rate may correspond to, for example, one or more
bubbles in a flow channel, an occlusion or partial occlusion of a flow
channel caused by, for example, coagulation of the blood sample,
unwanted or foreign objects in a flow channel, and/or other
undesirable characteristics of a flow channel. The controller or
processor 40 may be programmed to detect such characteristics from
the flow rate, and in some cases, issue a warning and/or shut down
the sample analyzer.

[Para 57] Thermal anemometer type flow sensors typically include a
heater element that, when energized, produces one or more heat
pulses in the fluid, and further includes one or more heat sensors
positioned upstream and/or downstream of the heater element to
detect the one or more heat pulses. The velocity of the fluid through
the flow channel may be related to the time that it takes for a heat
pulse to travel from the heater element to one of the spaced heat
sensors.

[Para 58] In some cases, thermal anemometer type flow sensors
may be used to detect the thermal conductivity and/or specific heat of

the fluid. Changes in the thermal conductivity and/or specific heat of
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the fluid may correspond to changes in the fluid characteristics, such
as a change of state of the fluid (coagulation of a blood sample),
bubbles in the fluid, unwanted or foreign objects in the fluid, etc.
Thus, and in some embodiments, it is contemplated that the controller
or processor 40 may detect characteristics of the fluid by monitoring
the thermal conductivity and/or specific heat of the fluid that passes
by the thermal anemometer type flow sensors.

[Para 59] In some cases, an impedance sensor may be provided in
fluid communication with a flow channel. The controller or processor
40 may be coupled to the impedance sensor. Changes in the
impedance of the fluid may indicate a change in fluid characteristics,
such as a change in the state of the fluid (coagulation of a blood
sample), bubbles in the fluid, unwanted or foreign objects in the fluid,
etc. Thus, and in some embodiments, it is contemplated that the
controller or processor 40 may detect characteristics of the fluid by
monitoring the impedance of the fluid that passes by the impedance
sensor. |

[Para 60] Downstream valves generally shown at 110 may also be
provided. Controller or processor 40 may open/close downstream
valves 110, as desired. For example, the downstream valves 110 may
remain closed until the system is fully pressurized. This may help
prevent the blood, lysing reagent, sphering reagent, sheath fluid and
diluent from flowing into the fluidic circuit 86 before the system is
fully pressurized. Also, the downstream valves 110 may be controlled

to aid in performing certain tests, like zero-flow tests, etc. In another
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embodiment, downstream valves 110 may be opened by mechanical
action when, for example, the cover is closed.

[Para 61] Figure 4 is a schematic view of certain features of an
illustrative removable cartridge in accordance with the present
invgntion. The illustrative removable cartridge is generally shown at
100, and may be similar to removable cartridge 14 shown and
described above with reference to Figures 1-3. It should be
understood that the removable cartridge 100 is only illustrative, and
that the present invention can be applied to many microfluidic
cartridges, regardless of form, function or configuration. For example,
the present invention may be applied to removable cartridges adapted
for flow cytometry, hematology, clinical chemistry, blood chemistry
analysis, urinalysis, blood gas analysis, virus analysis, bacteria
analysis, electrolyte measurements, etc. It is also contemplated that
the removable cartridges of the present invention, such as removable
cartridge 100, may be made from any suitable material or material
system including, for example, glass, silicon, one or more polymers, or
any other suitable material or material system, or combination of
materials or material systems.

[Para 62] The illustrative removable cartridge 100 includes a first
measurement channel 102 and a second measurement channel 104,
although more or less measurement channels may be used, as desired.
The first measurement channel 102, in the illustrative embodiment, is
a red blood cell measurement channel, and the second measurement

channel 104 is a white blood cell measurement channel. A whole
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blood sample is received by the removable cartridge 100 via blood
receiving port 106, which through capillary action, draws in a known
amount of blood into an anti-coagulant coated blood sample storage
capillary 108. A Sample Push (P) pressure, such as a Sample Push (P)
pressure 36a of Figure 3, is provided to a sample push fluid reservoir,
such as Sample Push Fluid Reservoir 65 of Figure 3. When pressure is
applied, the sample push fluid is forced from the sample push fluid
reservoir into a blood sample push channel 110.

[Para 63] In some illustrative embodiments, a valve 112 and a flow
sensor 114 may be provided in line with the blood sample push
channel 110. The valve 112 may be controlled to open when it is
desirable to push the blood sample through the fluidic circuit. The
flow sensor 114 may measure the flow rate of the blood sample push
fluid, and thus the blood sample flow rate through the anti-coagulant
coated capillary 108. The flow rate provided by the flow sensor 114
may be used to help control the Sample Push (P) pressure that is
provided to the removable cartridge 100.

[Para 64] In the illustrative embodiment, the whole blood sample is
partitioned and provided to the red blood cell measurement channel
102 and the white blood cell measurement channel 104 via branch
116. In the illustrative embodiment, a valve 118 is provided in line
with the branch to control the blood sample flow into the red blood
cell measurement channel 102, and a valve 120 is provided to control
the blood sample flow into the white blood cell measurement channel

104.
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[Para 65]  Turning specifically to the red blood cell measurement
channel 102, a red blood cell sphering reagent pressure (SP), such as a
Sphering Pressure (SP) 36¢ of Figure 3, is provided to a sphering
reagent reservoir, such as Sphering Reservoir 66 of Figure 3. When
pressure is applied, the sphering reagent in the Sphering Reservoir 66
is forced into a sphering reagent channel 124.

[Para 66] In some illustrative embodiments, a valve 126 and a flow
sensor 128 may also be provided in line with the sphering reagent
channel 124. The valve 126 may be controlled to open when it is
desirable to push the sphering reagent into the fluidic circuit. The
flow sensor 128 may measure the flow rate of the sphering reagent,
and provide a measure of the sphering reagent flow rate through the
sphering reagent channel 124. The flqw rate provided by the flow
sensor 128 may be used to help contArol the Sphering Pressure (SP) that
is provided to the removable cartridge 100 by the pressure
source/controller 44.

[Para 67] During normal functional operation of the illustrative
removable cartridge 100, the sphering reagent is pushed into an
intersecting region 130 at a sphering reagent flow rate, and the blood
sample is pushed into the intersecting region 130 at a blood sample
flow rate. The blood sample flow rate and the sphering reagent flow
rate may be controlled by the pressure source/controller 44 of Figure
3.

[Para 68] The intersection region 130 may be configured so that the

sphering reagent flows circumferentially around the blood sample
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when both fluids are flowing through the intersection region 130. In
some cases, the sphering reagent flow rate may be higher than the
blood sample flow rate, which may help improve the flow
characteristics in a downstream sphering-on-the-fly channel 132, and
in some cases, to help form a thin ribbon of blood that is completely
and uniformly surrounded by the sphering reagent. Such a ribbon flow
may help the sphering reagent uniformly sphere the red blood cells as
they travel through the sphering-on-the-fly channel 132.
Furthermore, the length of the sphering-on-the-fly channel 132, in
conjunction with the flow rate of the sphering reagent and blood
sample, may be set such that the blood sample is exposed to the
sphering reagent for an appropriate amount of time. |

[Para 69] A Sheath Fluid (SH) pressure, such as a Sheath (SH)
pressure 36d of Figure 3, may be provided to a sheath fluid reservoir,
such as Sheath Fluid Reservoir 68 of Figure 3. When pressure is
applied, the sheath fluid is forced from the Sheath Fluid Reservoir 68
into a sheath channel 134. In some illustrative embodiments, a valve
136 and a flow sensor 138 may be provided in line with a sheath
channel 134. The valve 136 may be controlled to open when it is
desirable to push the sheath fluid into the fluidic circuit. The flow
sensor 138 may measure the flow rate of the sheath fluid, and may
provide a measure of the sheath flow rate through the sheath channel
134. The flow rate provided by the flow sensor 138 may be used to
help control the Sheath Pressure (SH) that is provided to the removable

cartridge 100.
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[Para 70] In the illustrative embodiment, the sheath fluid is provided
to an intersecting region 140 at a sheath fluid flow rate, and the
sphered blood samplé is provided to the intersecting region ]40 at a
sphered blood sample flow rate. The svphered blood sample flow rate
and the - sheath flow rate may be controlled by a pressure
source/controller, such as pressure source/controller 44 of Figure 3.
[Para 71] The intersection region 140 may be configured so that the
sheath fluid flows circumferentially around the sphered blood sample
when both fluids are flowing through the intersection region 140. In
some cases, the sheath flow rate is significantly higher than the
sphered blood sample flow rate, which may help improve core
formation in a downstream flow cytometry channel 142. For example,
in some flow cytometry applications, the intersecting region 140 may
be configured to hydrodynamically focus and arrange the sphered
blood cells in a single file core so that each red blood cell can be
individually optically interrogated by an analyzer as they pass through
an optical window region 144 in the removable cartridge 100. In some
cases, the fluid that passes through the cytometry channel 142 is
directed to an on-board waste reservaoir.

[Para 72] Turning now to the white blood cell measurement channel
104, a white blood cell lysing reagent pressure (L), such as a Lysing
Pressure (L) 36b of Figure 3, is provided to a lysing reagent reservoir,
such as Lyse Reservoir 64 of Figure 3. When pressure is applied, the
lysing reagent in the Lyse Reservoir 64 is forced into a lysing reagent

channel 154,
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[Para 73] In some illustrative embodiments, a valve 156 and a flow
sensor 158 may be provided in line with the lysing reagent channel
154. The valve 156 may be controlled to open when it is desirable to
push the lysing reagent into the fluidic circuit. The flow sensor 158
may measure the flow rate of the lysing reagent, and provide a
measure of the lysing reagent flow rate through the lysing reagent
channel 154. The flow rate provided by the flow sensor 158 may be
used to help control the Lysing Pressure (L) that is provided to the
removable cartridge 100 by the pressure source/controller 44.

[Para 74] During normal functional operation of the illustrative
removable cartridge 100, the lysing reagent is provided to an
intersecting region 160 at a lysing reagent flow rate, and the blood
sample is provided to the intersecting region 160 at a blood sample
flow rate. The blood sample flow rate and the lysing reagent flow rate
may be controlled by a pressure source/controller, such as pressure
source/controller 44 of Figure 3.

[Para 75] The intersection region 160 may be configured so that the
lysing reagent flows circumferentially around the blood sample when
both fluids are flowing through the intersection region 160. In some
cases, the lysing reagent flow rate may be higher than the blood
sample flow rate, which may help improve the flow characteristics in a
lysing-on-the-fly channel 162, and in some cases, to help form a thin
ribbon of blood that is completely and uniformly surrounded by the
lysing reagent. Such a ribbon flow may help the lysing reagent

uniformly lyse the red blood cells as they travel through the lysing-
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on-the-fly channel 162. Furthermore, the length of the lysing-on-
the-fly vchannel 162, in conjunction with the flow rate of the lysing
reagent and blood sample, may be set such that the blood sample is
exposed to the lysing reagent for an appropriate amount of time.

[Para 76] A Sheath Fluid (SH) pressu're, such as a Sheath (SH)
pressure 36d of Figure 3, may be provided to a sheath fluid reservoir,
such as Sheath Fluid Reservoir 68 of Figure 3. When pressure is
applied, the sheath fluid is forced from the Sheath Fluid Reservoir 68
into a sheath channel 164. In some illustrative embodiments, a valve
166 and a flow sensor 168 may be provided in line with a sheath
channel 164. The valve 166 may be controlled to open when it is
desirable to push the sheath fluid into the fluidic circuit. The flow
sensor 168 may measure the flow rate of the sheath fluid, and may
provide a measure of the sheath flow rate through the sheath channel
164. The flow rate provided by the flow sensor 168 may be used to
help control the Sheath Pressure (SH) that is provided to the removable
cartridge 100. In some cases, the sheath flow rate through sheath
channel 164 is the same as the sheath flow rate through sheath
channel 134. However, in other cases, the sheath flow rate through
sheath channel 164 may be different from the sheath flow rate
through sheath channel 134.

[Para 77] In the illustrative embodiment, the sheath fluid is provided
to an intersecting region 170 at a sheath fluid flow rate, and the lysed
blood sample is provided to the intersecting region 170 at a lysed

blood sample flow rate. The lysed blood sample flow rate and the
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sheath flow rate may be controlled by a pressure source/controller,
such as pressure source/controller 44 of Figure 3.

[Para 78] The intersection region 170 may be cbnfigured so that the
sheath fluid flows circumferentially around the lysed blood sample
when both fluids are flowing through the intersection region 170. In
some cases, the sheath flow rate is significantly higher than the lysed
blood sample flow rate, which may help improve core formation in a
downstream flow cytometry channel 172. For example, in some flow
cytometry applications, the intersecting region 170 may be configured
to hydrodynamically focus and arrange the white blood cells in the
lysed blood sample in a single file core so that each white blood cell
can be individually optically interrogated by an analyzer as they pass
through an optical window region 174 in the removable cartridge 100.
In some cases, the fluid that passes through the cytometry channel
172 is provided to an on-board waste reservaoir.

[Para 79] In some cases, an absorption measurement channel may
also be provided. In the illustrative embodiment, a portion of the
lysed blood sample is provided to absorption channel 180. A valve
182 may be provided to selectively allow a portion of the lysed blood
sample to pass to the absorption channel or region 184. The analyzer
may include a light source to illuminate the absorption channel or
region 184, as well as a detector to detect the light that is not
absorbed by the lysed blood sample in the absorption channel or
region 184. The analyzer may then determine an absorption level,

from which a bulk absorption based hemoglobin measurement can be
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made. In some cases, and as shown in Figure 8, the absorption
channel 184 may be situated downstream of the cytometry channel
172, if desired. In other cases, a whole blood sample may be provided
directly, such as from branch 116, to an absorption channel. In such
cases, the absorption channel may include a mechanism to lyse the
red blood cells prior to taking the absorption measurement. While the
illustrative removable cartridge 100 is adapted to perform a Complete
Blood Count (CBC) analysis on a whole blood sample, it is
contemplated that other removable cartridge configurations and
analysis types may be used, as desired.

[Para 80] Figure 5 is a schematic view of a number of illustrative
storage reservoirs that can be included in a removable cartridge in
accordance with the present invention. In the illustrative embodiment,
a removable cartridge such as removable cartridge 100 of Figure 4
may include, for example, a lysing reagent reservoir 64, a pusher fluid
reservoir 65, a sphering reagent reservoir 66, a sheath fluid reservoir
68, a diluent fluid reservoir 70, a stain reservoir 190 and a waste
reservoir 52. These are only illustrative, and it is contemplated that
more, less or different reservoirs may be provided on or in a
removable cartridge.

[Para 81] Each reservoir may be sized and include an appropriate
amount of fluid and/or reagent to support the desired operation of the
removable cartridge. The diluent reservoir 70 may include a diluent
fluid for diluting the incoming sample, such as a whole blood sample.

In the illustrative embodiment of Figure 4, the sphering reagent
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and/or lysing reagents may perform the function of a diluent, and
therefore, a separate diluent reservoir 70 may not be required or even
desired. Likewise, and in some embodiments, a stain reservoir such as
stain reservoir 190 may be desirable to add a stain to the white blood
cell channel to support white blood cell differentiation. It is
contemplated that the reagents and/or fluids stored in the reservoirs
may initially be in liquid or lyophilized form, depending on the
application.

[‘Para 82] Figure 6 is a schematic flow diagram showing an
illustrative method for analyzing a blood sample using a removable
cartridge in accordance with the present invention. In the illustrative
method, a blood sample is first acquired at step 200. Next, the blood
sample is provided to an anti-coagulant coated capillary in a
removable cartridge. The blood sample is then partitioned and
provided to a Red Blood Cell and Platelet (RBC/P) measurement
channel 204 and a White Blood Cell (WBC) measurement channel 206.
[Para 83] In the RBC/P measurement channel 204, the red blood
cells are first sphered as shown at 212, and then hydrodynamically
focused and provided single file down a RBC/P cytometry channel 214
in the removable cartridge. A light source 216, such as a Vertical
Cavity Surface Emitting Laser (VCSEL), shines light on the individual
cells as they pass by an analysis region of the RBC/P cytometry
channel 214. In some cases, an array of VCSEL devices is provided,
and only the VCSEL(s) that is/are aligned with the individual cells as

they pass by the analysis region of the RBC/P cytometry channel 214 is
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activated. Some of the incident light provided by the VCSEL is
scattered, and a detector 218 detects the scattered light. In some
cases, the detector 218 detects both Forward Angle Scatter Light
(FALS) and Small Angle Scatter Light (SALS).

[Para 84] In some cases, a laser (or other) source is focused into the
RBC/P cytometer channel 214, either as an elongated line source or as
two separate spot sources. The RBC and Platelets in the RBC/P
cytometer channel 214 through the focused light. High quality
collection optics may be used to form a sharp image of the cells and
focused illumination onto an opaque screen containing one, two or
more parallel slits whose longitudinal éxes are preferably arranged
orthogonal to the flow direction in the RBC/P cytometer channel 214.
The distance between the slits may be, for example, on the order of
the mean cell separation expected in the. RBC/P cytometer channel
214. The opaque screen containing the slits may be placed in front of
one or more detectors 218. As the image of a cell passes over a slit, it
obscures the light incident on the slit and causes a reduction in the
signal on the detector 218, producing a pulse waveform whose width
is proportional to the cell diameter. When two spaced slits are
provided, the two waveforms may permit the calculation of the cell
flow velocity, and hence the cell size. High signal-to-noise may be
obtained using this technique, which permits easy counting of events
and identification of multiple cell events. Pulse width and amplitude

may further enable the discrimination of some cell types.
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[Para 85] In some cases, an image of both the cell and the light
source is imaged on a double slit aperture placed in front of the
detector 218. The double slit aperture provides a well defined
geometrical aperture and high signal-to-noise ratio to count cells. As
discussed above, signals from the slits may permit the accurate
measurement of cell flow velocity, which in turn may permit the
calculation of cell diameter.

[Para 86] In some cases, and as shown at 220, a number of
parameters may be measured during this analysis, including for
example, sample flow rate (FR), measurement time (T) duration, and
sample dilution factor (DF). By monitoring the output of the
detector(s), and/or the corresponding scatter signature, the number of
red blood cells (Ngre), the number of platelets (Npi), the diameter of
each cell (drbc) and the hemoglobin concentration of each cell may be
measured.

[Para 87] From these parameters, and as shown at 282, a number of
red blood cell analysis parameters may be calculated including, for
example, a red blood cell count (RBC= Nrg/(DFxFRxT)), a platelet count
(PIt = Npit/(DFXFRXT)), @ mean cell hemoglobin concentration (MCHC =
<CHC>), a mean cell volume (MCV = (1r/6)x<drbc3>), a mean cell
hemoglobin content (MCH = (1r/6)x<drbc3xCHC>), a relative
distribution width (RDW = Standard Deviation of [(11/6)xdrbc3]/MCV), a
Hematocrit parameter (Hct = RBCxMCV) and/or a hemoglobin

concentration (Hb = MCHCxHct).
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| [Para 88] In the illustrative WBC measurement channel 206, the red
blood cells are first lysed as shown at 232, and then hydrodynamically
focused and provided single file down a WBC cytometry channel 234 in
the removable cartridge. A light source 236, such as a Vertical Cavity
Surface Emitting Laser (VCSEL), shines light on the individual cells as
they pass by an analysis region of the WBC cytonﬁetry channel 234. In
some cases, an array of VCSEL devices is provided, and only the
VCSEL(s) that is/are aligned with the individual cells as they pass by
}the analysis region of the WBC cytometry channel 234 is activated.
Some of the incident light provided by the VCSEL is scattered, and a
detector 238 detects the scattered light. In some cases, the detector
238 detects Forward Angle Scatter Light (FALS), Small Angle Scatter
Light (SALS), and Large Angle Scatter Light (LASL). In some cases, and
as shown at 240, a number of parameters may be measured during
the analysis including, for example, on-axis cell volume, total WBC
count, and WBC five (5) part differentiation.
[Para 89] Figure 7 is a flow diagram showing an illustrative method
for obtaining a number of red blood cell parameters in accordance
with the present invention. In the illustrative method, a blood sample
is acquired at step 260. Next, the blood sample is diluted to a desired
Dilution Factor (DF), and sphered as shown at 264. The diluted and
sphered blood cells are then hydrodynamically focused and provided
single file down a RBC/P cytometry channel in the removable cartridge.
A light source 216, such as a Vertical Cavity Surface Emitting Laser

(VCSEL), shines light on the individual cells as they pass by an analysis
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region of the RBC/P cytometry channel. Some of the incident light
provided by the VCSEL(s) is scattered, and a detector may be used to
detect the scattered light. In some cases, the detector detects both
Forward Angle Scatter Light (FALS) and Small Angle Scatter Light (SALS)
for each cell. A processor or the like may then map the two
independent scattef parameters, namely SALS and FALS, for each cell
to a cell diameter parameter and a cell hemoglobin concentration
parameter as follows:

[Para 90]{Ssatsi, Sracsi} —> {drbc;, CHCi}

[Para 91] As shown at 270, if the intensity of the scatter Ssaisi plus Sracsi
is not greater than a predetermined detection threshold, control is
passed back to step 268. However, if the intensity of the scatter Ssacsi
plus Srawsi is greater than a predetermined detection threshold, control
is passed to step 272. Step 272 determines if the sum of Ssaisi and
Srausi is greater than a predetermined platelet threshold. If the sum of
Ssaisi and Srasi is not greater than the predetermined platelet

(1134
|

threshold, it is determined that the particle “i” is a platelet, and control
is passed to step 274. Step 274 increments the number of counted
platelets (Npt) by one, and passes control back to step 268.

[Para 92] If the sum of Ssassi and Srasi is greater than a
predetermined platelet threshold, the cell is a red blood cell, and
control is passed to step 276.. Step 276 increments the number of
counted red blood cells (Nrec) by one, and passes control to step 278.

Step 278 determines if a predetermined measurement time has been

reached. If not, control is passed back to step 268.
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[Para 93] Once the measurement time is reached at step 278,
control is passed to step 280. Step 280 shows a number of measured
parameters including, for example, sample flow rate (FR),
measurement time (T) duration, sample dilution factor (DF), number of
red blood cells counted (Nrsc), number of platelets counted (Npi), the
diameter of each cell (drbci) and hemoglobin concentration of each cell
(CHC)). From these parameters, and as shown at step 282, a number
of blood cell analysis parameters may be calculated including, for
example, a red blood céll count (RBC= Nrec/(DFxFRxT)), a platelet
count (Plt = Npi:/(DFXFRxT)), a mean cell hemoglobin concentration
(MCHC = <CHCi>, a mean cell volume (MCV = (11/6)x<drbci3>), a
mean cell hemoglobin content (MCH = (mr/6)x<drbci3xCHCi>), a
relative distribution width (RDW = Standard Deviation of
[(7r/6)xdrbci3]/MCV), a Hematocrit parameter (Hct = RBCxMCV) and/or
a hemoglobin concentration (Hb = MCHCxHct), wherein the notation
<Xi> meansvthe average cell parameter over all cells Xi.

[Para 94] Figure 8 is a schematic flow diagram showing another
illustrative method for analyzing a blood sample in accordance with
the present invention. In this illustrative method, a blood sample is
acquired, and provided to a blood sample reservoir, as shown at step
300. Next, the blood sample is provided to an anti-coagulant coated
capillary in a removable cartridge, and diluted. The blood sample is
then partitioned and provided to a Red Blood Cell and Platelet (RBC/P)
measurement channel 304 and a White Blood Cell (WBC) measurement

channel 340.
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[Para 95] In the RBC/P measurement channel 304, the red blood
cells are first sphered as shown at 306, and then hydrodynamically
focused and provided single file down a RBC/P cytometry channel 308
in the removable cartridge. A first light source 310, such as a Vertical
Cavity Surface Emitting Laser (VCSEL) and associated optics, provides a
focused light beam on the individual cells as they pass by an énalysis
region of the RBC/P cytometry channel 308. In some cases, an array
of VCSEL devices is provided, and only the VCSEL(s) that is/are aligned
with the individual cells as they pass by an analysis region of the
RBC/P cytometry channel 308 is/are activated.

[Para 96] As the individual cells/particles pass through the focused
incident light beam, some of the light is blocked, scattered or
otherwise obstructed, which can be detected by a detector (not
shown). When two or more light sources are focused on different
spaced spots along the RBC/P cytometry channel 308, the leading
and/or trailing edge of each cell can be detected. By measuring the
time it takes for a cell to traverse the distance from one focused spot
to the next, the flow rate and thus the cell velocity can be determined.
With the cell velocity determined, the length of time that a cell blocks,
scatters or otherwise obstructs the light beam can be correlated to cell
size and/or cell volume.

[Para 97] In some embodiments, another light source 314 and
associated optics may be provided by an analyzer. The associated
optics of light source 314 may collimate the light, and measure off-

axis scatter, such as SALS and FALS scatter. As noted above, the SALS
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and FALS scatter can be used to measure, for example, a number of
red blood cells counted (Ngrec) 316, number of platelets counted (Npi)
322, the diameter of each cell (drbcj), the cell volume 318, and
hemoglobin concentration 320 of each cell (CHC). From these
parameters, and as discussed above, a number of blood cell analysis
parameters may be calculated including, for example, a red blood cell
count (RBC= Ngrec/(DFXFRXT)), a platelet count (PIt = Npit/(DFXFRXT)), a
mean cell hemoglobin concentration (MCHC = <CHC;>, a mean cell
volume (MCV = (m/6)x<drbci3>), a mean cell hemoglobin content
(MCH = (1/6)x<drbci3xCHCi>), a relative distribution width (RDW =
Standard Deviation of [(Tr/6)xdrbc;3]/MCV), a Hematocrit parameter
(Hct = RBCxMCV) and/or a hemoglobin concentration (Hb =
MCHCxHct), wherein the notation <Xi> means the average cell
parameter over all cells Xi.
[Para 98] In the illustrative WBC measurement channel 340, the red
blood cells are lysed, and dye is injected as. appropriate, as shown at
342. The cells are then hydrodyﬁamically focused and provided single
~ file down a WBC cytometry channel 344 in the removable cartridge. A
light source 346, such as a Vertical Cavity Surface Emitting Laser
(VCSEL), shines light on the individual cells as they pass by an analysis
region of the WBC cytometry channel 344. In some cases, an array of
VCSEL devices is provided, and only the VCSEL(s) that is/are aligned
with the individual cells as they pass by the analysis region of the WBC

cytometry channel 344 is activated.
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[Para 99] As the individual cells/particles pass through the focused
incident light beam, some of the light is blocked, scattered or
otherwise obstructed, which can be detected by a detector (not
shown). When two or more light sources are focused on different
spaced spots along the WBC cytometry channel 344, the leading
and/or trailing edge of Aeach cell can be detected. By measuring the
time it takes for a cell to traverse the distance from one focused spot
to the next, the flow rate and thus. the cell velocity can be determined.
With the cell velocity determined, the length of time that a cell blocks,
scatters or otherwise obstructs the light beam can be correlated to cell
size and/or cell volume.

[Para 100] In some embodiments, a light source 350 and
associated optics and/or polarizers may be provided. The associated
optics of light source 350 may collimate the light, and measure off-
axis scatter, such as SALS, FALS and LALS scatter, as shown at 354.
Like above, the SALS, FALS and LALS scatter can be used to measure,
for example, the number of white blood cells counted (Nwsc) 352, as
well as to help with white blood cell differentiation, as shown at 356.
In some cases, one or more polarizers is/are provided to polarize the
light provided by the light source, and the level of polarization
extinction/rotation detected at the detector may be used to help
perform white blood cell differentiation, but this is not required in all
embodiments.

[Para 101] In the illustrative embodiment, the cells that exit the

WBC cytometry channel 344 may be provided to a bulk absorption
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channel 360. A light source 362 may shine light onto the cells present
in the absorption channel 360, and a detector 364 may detect the light
that is not absorbed by the resident cells. The absorption channel 360
may thus be used to measure the bulk absorption level of the resident
cells. The absorption level may provide, for example, a measure of the
bulk or mean cell hemoglobin concentration in the blood sample.

[Para 102} Figure 9 is a schematic flow diagram showing an
illustrative method for operating a sample analyzer in accordance with
the present invention. In the illustrative embodiment, a blood analysis
cartridge may be used and analyzed as shown at 350, a control
cartridge may be used and analyzed to help verify the performance of
the analyzer as shown at 370, and/or a calibration cartridge may be
used and analyzed to help calibrate the analyzer as shown at 380. The
blood analysis cartridge may be loaded each time a blood analysis is to
be performed. The control cartridge may be loaded into the analyzer
on a period basis, such as once a day, to verify that the analyzer is
producing accurate results. The calibration cartridge may be loaded
into the analyzer on a less frequent basis, such as once every three
months, to recalibrate the analyzer.

[Para 103] Each cartridge may include .all of the necessary
fluids and/or components to perform the cofresponding function. As
such, very little training may be needed to operate and/or maintain the
analyzer, while still achieving accurate results. The ability to provide a
sample analyzer with removable and/or disposable cartridges that can

be reliably used outside of the laboratory environment, with little or no
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specialized training, may help streamline the sample analysis process,
reduce the cost and burden on medical personnel, and increase the
convenience of sample analysis for many patients, including those that
require relatively frequent blood monitoring/analysis.

[Para 104] When a blood analysis cartridge is used as shown at
350, a blood sample is collected and loaded into the blood analysis
cartridge, as shown at 352 and 354. The blood sample may be
drawing into the blood analysis cartridge by capillary action or manual
pumping, as desired. The blood analysis cartridge may then be loaded
into the analyzer instrument. In the illustrative embodiment, the
analyzer may then self-align the blood analysis cartridge and the
corresponding components (e.g. light sources/light detectors, etc.) of
the analyzer, as shown at 356. Next, one or more buttons may be
pushed to begin the blood analysis process. Rather than pushing a
button or the like, and in some cases, the step of simply loading the
cartridge into the analyzer may cause the analyzer to initiate the
alignment and blood analysis process.

[Para 105] Once the analyzer is activated, the analyzer may
perform a number of tests. For example, the analyzer may close all of
the valves on the blood analysis card and apply pressure to the various
fluid ports on the card. The analyzer may then measure the flow rate
flowing past one or more flow sensors on the card. The flow should
be zero, since all of the valves are closed. However, if the flow sensors
indicate a non-zero flow rate, the analyzer may recalibrate the flow

sensors back to a zero flow. This may help increase the accuracy of
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the flow sensor measurements. Alternatively, or in addition, the
analyzer may check for blood clotting in the removable cartridge by,
for example, measuring the flow rate of the blood sample (e.g. using a
flow sensor) along with the pressure applied, and if the flow rate is too
low relative to the applied pressure, determining that the blood
sample has clotted. If blood clotting is detected, the analyzer may
display a message that indicates that the measurement has failed.
[Para 106] - The analyzer may then implement a blood analysis
cartridge timing protocol. The blood analysis cartridge timing
protocol may be similar to that shown and described in U.S. Patent
Application Serial No. 10/932,662, which is assigned to the assignee
of the present invention and incorporated herein by reference. The
particular blood analysis cartridge timing protocol may depend on the
specific design of the blood analysis cartridge. The analyzer may also
verify that there is a stable core flow in any cytometry channels on the
blood analysis cartridge, and identify the location of the core flow if
present.

[Para 107] The blood analysis cartridge may then, for example,
lyse red blood cells in a portion of the blood sample that will be used
for white blood cell measurements, sphere the red blood cells in a
portion of the blood sample that will be used for red blood cell
measurements, form core flows in any cytometry channels on the
blood analysis cartridge, and/or perform any other desirable function.

The analyzer may provide light to selected regions of the blood
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analysis cartridge, such as any cytometry channels, and detect light
that passes through the selected regions.

[Para 108] From this, the analyzer may count and classify
particles in the sample such as white blood cells, red blood cells,
platelets, etc., and then display, print, produce a sound, or otherwise
indicate a result of the blood analysis to a user. In some
embodiments, the analyzer displays or prints out quantitative results
(e.g. inside and/or outside of a predefined range), such that no further
calculations or interpretation is required by the user. Finally, the
blood analysis cartridge may be removed from the analyzer, and
dispbsed of.

[Para 109] When a control run is to be performed as shown at
370, a control cartridge may be used. In some cases, a control run
may be performed periodically, such as once a day or once a week.
The control cartridge may include a control sample that has known
characteristics. Thus, when an analysis is performed by the analyzer
on the control sample, a known result should be achieved. In the
illustrative method, a control cartridge is loaded into the analyzer, as
shown at 372. Next, the analyzer is activated as shown at 374, and
the analyzer performs an analysis and displays a result as shown at
376. In some embodiments, the analyzer displays or prints out
guantitative results (e.g. inside and/or outside of a predefined range),
,such that no further calculations or ihtérpretation is required by the
user. Finally, the control cartridge may be removed from the analyzer,

and disposed of. If the results of the control run are outside of a
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predefined range, it may be desirable to perform a calibration run,
such as calibration run 380.

[Para 110] When a calibration run is to be performed as shown
at 380, a calibration cartridge may be used. In some cases, a
calibration run may be performed periodically, such as one a month,
or as otherwise needed. The calibration cartridge may include a
calibration sample with known characteristics. Thus, when an analysis
is performed by the analyzer on the calibration sample, a known result
should be achieved. In the illustrative method, a calibration caftridge
is loaded into the analyzer, as shown at 382. Next, the analyzer is
activated as shown at 384, and a number of results are obtained. By |
comparing the results obtained during the calibration run with
expected results, the analyzer may automatically adjust one or more
calibration factors in memory to recalibrate the analyzer so that,
during a subsequent run, the analyzer will produce the expected or
desired results, as shown at 386.

[Para 111] Figure 10 is a flow diagram showing another
illustrative method for operating a sample analyzer in accordance with
the present invention. The illustrative method is generally shown at
400, and is entered at step 402. Control is passed to step 404,
wherein a blood sample is provided to a disposable fluidic cartridge.
Control is then passed to step 406, wherein the disposable fluidic
cartridge is inserted into a blood sample analyzer. Control is then
passed to step 408. Step 408 activates the blood sample analyzer,

and step 410 obtains a blood analysis result from the blood sample
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analyzer without any further interaction from the user of the blood
sample analyzer. Control is then passed to step 412, wherein the
method is exited.

[Para 112] Figure 11 is a flow diagram showing another
illustrative method for operating a sample analyzer in accordance with
the present invention. The illustrative method is generally shown at
500, and begins at step 502. Control is passed to step 504, wherein a
blood sample is provided to a disposable fluidic cartridge. Control is
then passed to step 506, wherein the disposable fluidic cartridge is
inserted into a blood sample analyzer. Control is then passed to step
508. Step 508 activates the blood sample analyzer, and step 510
obtains a blood analysis result from the blood sample analyzer without
any further interaction from the user of the blood sample analyzer.
Control is then passed to step 512. Step 512 determines if the blood
analysis result is within a predefined range. As indicated above, and in
some embodiments, the analyzer may display or print out quantitative
results (e.g. inside and/or outside of a predefined range), such that no
further calculations or interpretation is required by the user. Control
is then passed to step 514, wherein the method is exited.

[Para 113] Figure 12 is a flow diagram showing another
illustrative method for operating a sample analyzer in accordance with
the present invention. The method is generally shown at 600, and is
entered at step 602. In the illustrative method, a blood analysis
cartridge may be used and analyzed as shown at 604, a control

cartridge may be used and analyzed to help verify the performance of
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the analyzer as shown at 620, and/or a calibration cartridge may be
used and analyzed to help calibrate the analyzer as shown at 640. The
blood analysis cartridge may be loaded each time a blood analysis is to
be performed. The control cartridge may be loaded into the analyzer
on a period basis, such as once a day, to verify that the analyzer is
producing accurate results. The calibration cartridge may be loaded
into the analyzer on a less frequent basis, such as once every three
months, to recalibrate the analyzer, or as otherwise needed.

[Para 114] Each cartridge type may include all of the necessary
fluids and/or components to perform the corresponding function. As
such, very little training may be needed to operate and/or maintain the
analyzer, while still achieving accurate results. The ability to provide a
sample analyzer with removable and/or disposable cartridges that can
be reliably used outside of the laboratory environment, with little or no
specialized training, may help streamline the sample analysis process,
reduce the cost and burden on medical personnel, and increase the
convenience of sample analysis for many patients, including those that
require relatively frequent blood monitoring/analysis.

[Para 115] In the illustrative method of Figure 12, when a blood
analysis cartridge is to be used, control is passed to step 604. At step
606, a blood sample is provided to a disposable fluidic cartridge.
Control is then passed to step 608, wherein the disposable fluidic
cartridge is inserted into the blood sample analyzer. Control is then

passed to step 610. Step 610 activates the blood sample analyzer,
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and step 612 obtains the blood analysis result from the blood sample
analyzer.

[Para 116] When a control cartridge is to be used, control is
passed to step 620. Step 620 passes control to step 622, wherein a
control cartridge is inserted into the blood sample analyzer. Control is
then passed to step 624. Step 624 activates the blood sample
analyzer, and step 626 obtains a control analysis result using the
control fluidic cartridge. Control is then passed to step 628. Step 628
determines if the control analysis result is within an expected control
range. If the control analysis result is not within an expected range,
the results obtained for a blood analysis cartridge should not be
trusted. In some cases, a calibration cartridge may be run to re-
calibrate the sample analyzer, followed by another control cartridge to
verify the operation/calibration of the sample analyzer.

[Para 117] Wheh a calibration cartridge is to be used, control is
passed to step 640. Step 640 passes control to step 642. Step 642
inserts a calibration cartridge into the blood sample analyzer. Control
is then passed to step 644. Step 644 activates the blood sample
analyzer, and step 646 obtains a calibration analysis result using the
calibration fluidic cartridge. Control is then passed to step 648.
Based on the calibration analysis results, step 648 adjusts the analyzer

as necessary.

49



WO 2005/114142 PCT/US2005/016769

What is claimed is:
[Claim 1] 1. A cell analysis system, comprising:

a body adapted to selectively receive a disposable fluidic
cartridge, wherein the disposable fluidic cartridge includes a first flow
cytometry analysis channel adapted to hydrodynamically focus a
sample fluid in a first flow channel, and a second flow cytometry
analysis channel adapted to hydrodynamically focus a sample fluid in a
second flow channel;

a first light source for providing a first light beam to at least part
of the sample fluid in the first flow channel;

one or more first detectors for receiving at least some of the
first light beam that passes through the sample fluid in the first flow
channel and for providing one or more first detector output signals;

a second light source for providing a second light beam to at
least part of the sample fluid in the second flow channel,

one or more second detectors for réceiving at least some of the
second light beam that passes through the sample fluid in the second
flow channel and for providing one or more second detector output
signals; and

a processing block coupled to the one or more first detector

output signals and the one or more second detector output signals.
[Claim 2] 2. The cell analysis system of claim 1, wherein the

processing block is adapted to determine one or more white blood cell

parameters from the sample fluid in the first flow channel during a
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first measurement time period, and one or more red blood cell
parameters of the sample fluid in the second flow channel in a second

measurement time period.

[Claim 3] 3. The cell analysis system of claim 2 wherein the
processing block is adapted to determine a total white blood cell count
from the sample fluid in the first flow channel during the first
measurement time period, as well as a type for at least some of the
white blood cells that are counted as part of the total white blood cell

count in the sample fluid in the first flow channel.

[Claim 4] 4. The cell analysis system of claim 3 wherein the
processing block is adapted to determine a measure of white blood
cell volume for at least some of the white blood cells that are counted
as part of the total white blood cell count in the sample fluid in the

first flow channel.

[Claim 5] 5. The cell analysis system of claim 2 wherein the
processing block is adapted to determine a platelet count in the

sample fluid in the second flow channel.

[Claim 6] 6. The cell analysis system of claim 2 wherein the
processing block is adapted to determine a red blood cell count from
the sample fluid in the second flow channel during the second

measurement time period.
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[Claim 7] 7. The cell analysis system of claim 6 wherein the
processing block is adapted to determine a measure of red blood cell
volume for at least some of the red blood cells that are counted as
part of the red blood cell count in the sample fluid in the second flow

channel.

[Claim 8] 8. The cell analysis system of claim 2 wherein the
processing block is adapted to determine a measure of hemoglobin

concentration.

[Claim 9] 9. A blood sample analysis system, comprising:

a disposable fluidic cartridge adapted to receive and at least
partially process a blood sample;

an analyzer adapted to receive the disposable fluidic cartridge;
and

once the blood sample is received by the disposable fluidic
cartridge, and the analyzer is activated, the analyzer and disposable
fluidic cartridge automatically processing the blood sample and
determining one or more blood analysis parameters without further

interaction from a user.

[Claim 10] 10. The blood sample analysis system of claim 9,

wherein the one or more blood analysis parameters include a total

white blood cell count.
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[Claim 11] 11. The blood sample analysis system of claim 9,
wherein the one or more blood analysis parameters include a
differential white blood cell count for each of five types of white blood

cells.

[Claim 12] 12. The blood sample analysis system of claim 9,
wherein the one or more blood analysis parameters include a measure

of a mean white blood cell volume.

[Claim 13] 13. The blood sample analysis system of claim 9,
wherein the one or more blood analysis parameters include a red

blood cell count.

[Claim 14] 14, The blood sample analysis system of claim 9,
wherein the one or more blood analysis parameters include a platelet

count.

[Claim 15] 15. The blood sample analysis system of claim 9,
wherein the two or more blood analysis parameters include a measure

related to a mean red blood cell volume.

[Claim 16] 16. The blood sample analysis system of claim 9,
wherein the one or more blood analysis parameters include a
differential white blood cell count for each of the five types of white

blood cells, a red blood cell count and a platelet count.
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[Claim 17] 17. The blood sample analysis system of claim 9,
wherein the processing of the blood sample includes providing a first
portion of the blood sample to a white blood cell measurement
channel and a second portion of the blood sample to a red blood cell

measurement channel in the disposable cartridge.

[Claim 18] 18. The blood sample analysis system of claim
17, wherein the red blood cells in the first portion of the blood sample

are lysed in the white blood cell measurement channel.

[Claim 19] 19. The blood sample analysis system of claim
18, wherein the red blood cells in the second portion of the blood

sample are sphered in the red blood cell measurement channel.

[Claim 20] 20. The blood sample analysis system of claim
19, wherein the sphered red blood cells are counted in the red blood
cell measurement channel over a period of time using optical

detection.
[Claim 21] 21. The blood sample analysis system of claim

18, wherein the white blood cells are counted in the white blood cell

measurement channel over a period of time using optical detection.
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[Claim 22] 22. The blood sample analysis system of claim 9,
wherein the analyzer includes a housing that receives the disposable

fluidic cartridge.

[Claim 23] 23. The blood sample analysis system of claim
22, wherein the disposable fluidic cartridge includes a white blood cell

measurement channel and a red blood cell measurement channel.

[Claim 24] 24. The blood sample analysis system of claim
23, wherein:

the white blood cell measurement channel in the disposable
cartridge includes a white blood cell flow cytometry analysis channel
that is adapted to hydrodynamically focus a sample along a white
blood cell flow channel and is further is adapted to support an optical
light scattering measurement on the white blood cell flow channel;

the red blood cell measurement channel in the disposable
cartridge includes a red blood cell flow cytometry analysis channel that
is adapted to hydrodynamically focus a sample along a red blood cell
flow channel and is further is adapted to support an optical light
scattering measurement on the red blood cell flow channel; and

the disposable fluidic cartridge further including fluid directing
means for directing flow of a first part of the blood sample to the
white blood cell flow cytometry analysis channel and a second part of
the blood sample to the red blood cell flow cytometry analysis

channel.
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[Claim 25]  25. The blood sample analysis system of claim 9,
wherein the analyzer includes a display, and one or more output

messages are displayed in the display.

[Claim 26] 26. The blood sample analysis system of claim
25, wherein the one or more output messages indicate if one or more,
or a combination of one or more, of the blood analysis parameters are

in a predefined range.

[Claim 27] 27. The blood sample analysis system of claim
25, wherein the one or more output messages indicate if one or more,
or a combination of one or more, of the blood analysis parameters are

outside of a predefined range.

[Claim 28] 28. A blood sample analysis system, comprising:

a removable cartridge adapted to receive a blood sample;

an analyzer adapted to receive the removable cartridge; and

once a blood sample is received by the removable cartridge, and
the removable cartridge is received by the analyzer and the analyzer is
activated, the analyzer and removable cartridge automatically
processing the blood sample and determining one or more blood
analysis parameters without further interaction from the user, and
further displaying one or more output messages on a display, wherein

the one or more output messages indicate if one or more, or a
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combination of one or more, of the blood analysis parameters are

inside and/or outside of a predefined range.

[Claim 29] 29. A method for performing a sample analysis,
the method comprising the steps of:'

providing a sample to a disposable fluid cartridge;

loading the disposable fluid cartridge into an analyzer;

activating the analyzer;

obtaining a sample analysis result from the analyzer without any

further interaction from a user.

[Claim 30] 30. The method of claim 29 wherein the analyzer

is a blood sample analyzer and the sample is a blood sample.

[Claim 31] 31. The method of claim 29 wherein the
disposable fluidic cartridge is a control disposable fluidic cartridge,
and the method includes obtaining an analysis result using the control
disposable fluidic cartridge and determining if the analysis result is

- within an expected range.
[Claim 32] 32. The method of claim 31 wherein a control

disposable fluidic cartridge is inserted and analyzed at a relatively

regular interval.
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[Claim 33] 33. The method claim 31 further comprising
inserting a disposable fluidic cartridge into the blood sample analyzer
and providing a blood sample to the disposable fluidic cartridge one
or more times before inserting the control disposable fluidic cartridge

into the analyzer.

[Claim 34] 34. The method of claim 29 further comprising
inserting a calibration disposable fluidic cartridge into the analyzer
and obtaining an analysis result using the calibration disposable fltjidic
cartridge,‘ and the analyzer adjusting one | or more calibration

parameters of the analyzer based on the results.

[Claim 35]  35. The method of claim 34 wherein the
calibration disposable fluidic cartridge is inserted into the analyzer at a

relatively regular interval.

[Claim 36] 36. An analyzer, comprising:

a fluidic cartridge having a flow channel and a flow sensor in
fluid communication with the flow channel;

a pressure source for providing a flow of a fluid in the flow
channel;

a controller coupled to the flow sensor, the controller adapted to

detect one or more changes in flow rate through the flow channel.
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[Claim 37] 37. The analyzer of claim 36 wherein the
controller is adapted to detect one or more bubbles in the flow

channel from the one or more changes in the flow rate.

[Claim 38] 38. The analyzer of claim 36 wherein the
controller is adapted to detect an occlusion or partial occlusion in the

flow channel from the one or more changes in the flow rate.

[ICIaim 39] 39. The analyzer of claim 36 wherein the flow
sensor includes a heater element that, when energized, produces one
or more heat pulsés in the fluid, and further includes one or more heat
sensors positioned upstream and/or downstream of the heater

element to detect the one or more heat pulses.

[Claim 40] 40. The analyzer of claim 39 wherein the
controller is adapted to detect one or more changes in the thermal

conductivity of the fluid.

[Claim 41] 41. The analyzer of claim 39 wherein the
controller is adapted to detect one or more bubbles in the fluid by the

one or more changes in the thermal conductivity of the fluid.
[Claim 42] 42. The analyzer of claim 39 wherein the

controller is adapted to detect one or more changes in the specific

heat of the fluid.
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[Claim 43] 43. The analyzer of claim 42 wherein the
controller is adapted to detect one or more bubbles in the fluid by the

one or more changes in the specific heat of the fluid.

[Claim 44] 44. An analyzer, comprising:

a fluidic cartridge having a flow channel and an impedance
sensor in fluid communication with the flow channel;

a pressure source for providing a flow of a fluid in the flow
channel;

a controller coupled to the impedance sensor, the controller
adapted to detect one or more changes in the impedance of the fluid

in the flow channel.

[Claim 45] 45. - The analyzer of claim 43 wherein the
controller is adapted to detect one or more bubbles in the flow
channel from the one or more changes in the impedance of the fluid in

the flow channel.

[Claim 46] 46. The analyzer of claim 44 wherein the
controller is adapted to detect the presence of one or more unwanted
objects in the flow channel from the one or more changes in the

impedance of the fluid in the flow channel.
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