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PARTICLE COUNTER WITH ELECTRONIC DETECTION OF APERTURE
BLOCKAGE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application
No. 61/074,520, filed June 20, 2008, entitled ‘“Particle Counter with Electric

Detection of Aperture Blockage™ and is entirely incorporated by reference herein.
TECHNICAL FIELD

[0002] The present disclosure generally relates to a particle
characterization device and an antomated method of detecting blockage in an

aperture of said particle characterization device.
BACKGROUND

[0003] The Coulter principle, also known as electronic sensing zone
technology, is a well established method of characterizing the size and number of
particles in a liquid sample. According to the Coulter principle, particles can be
characterized by their effect on a current-induced movement of electrolyte through a
small aperture as the particle passes through the aperture. Entry of a particle into
the aperture displaces some of the charged electrolyte in the aperture, causing an
increased electrical resistance across the aperture, resulting in an increased voltage
measured across the aperture when current is held constant. As the particle exits the
aperture, normal flow of electrolyte through the aperture resumes, resulting in a
return to the starting voltage across the aperture before the particle entered. In this
way, passage of a single particle through the aperture is identified by a characteristic
voltage pulse across the aperture. The height of this voltage pulse is generally
dependent on the size of the particle, since a larger particle will displace more
electrolyte in the aperture, resulting in a larger voltage difference when the particle

enters and passes through the aperture.

[0004] A Coulter Counter® is a particle characterization device that uses
the Coulter principle to determine the number and sizes of particles in a liquid
sample. The counter device comprises two liquid-containing chambers separated by
a wall, with an aperture in the wall that allows electrolyte and particles in the liquid
of the chambers to move from one chamber to the other. A pair of electrodes

connected to a power source and disposed across the aperture, one in each chamber,
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provides a voltage difference across the aperture. Electrolytes in the liquid move
from one chamber to the other in response to the applied voltage, generating an
electric current. An applied force, such as a vacuum or the movement of a piston,
causes the liquid to move from one chamber to the other. A detector monitors the
voltage across the aperture, and a processor analyzes the voltage changes as liquid,
electrolyte, and particles pass through the aperture from one chamber to the other,
identifying and characterizing individual particles based on the characteristic

voltage variation as the particles pass through the aperture.

[0005] Coulter Counters® are commonly used to characterize the number
and types of cells in a biological sample, determining, for example, the number of
red blood cells, white blood cells, and platelets in a blood sample. A Coulter
Counter® can also be used in non-biological applications, characterizing the

number and size-distribution of particles dispersed in any suitable sample.

[0006] The size of the aperture in a Coulter Counter® is selected to be
larger than the particles suspected of being present in the liquid, yet small enough so
that generally particles pass through the aperture one at a time. During a particle-
characterization run, it is possible for the aperture to become blocked, typically by
sample particles in the liquid that are larger than the aperture, by foreign particles
such as dust or debris in the liquid, by aggregates of sample particles in the liquid,
or by multiple particles passing through the aperture at the same time. If the
aperture becomes blocked during a run, the run must typically be stopped and the
blockage removed before particle analysis can continue. There are currently several
methods of identifying blockage of the aperture during a run. A magnified window
focused on the aperture can allow visual identification of a blockage. Alternatively,
a magnified image of the aperture, such as one created by a CCD device focused on
the aperture, can be monitored during the run. Both these methods depend on the
presence of a user to continuously monitor a run, with the disadvantage that it may
be difficult to maintain an optical focus on the aperture, and blockage of the

aperture may be difficult to see, whether through a window or in a CCD image.

[0007] Automated methods of identifying blockage in an aperture of a
Coulter Counter® type particle characterization device have been disclosed. US
4,412,175; US 4,450,435; US 4,775,833; US 6,389,912; and WO 2007/033669
disclose methods of detecting aperture blockage based on the width of the voltage
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pulse associated with passage of a particle through the aperture. The voltage across
the aperture increases as a particle enters, remains high as the particle passes
through, then returns to the initial level as the particle exits the aperture. A particle
that blocks the aperture, or one that becomes entrapped in the aperture, is prevented
or delayed from exiting the aperture, causing a sustained higher voltage across the
aperture characterized by an increased pulse-width. It may be difficult, however,
for this method to detect a partial or transient blockage of the aperture, or to
distinguish blockage from other factors affecting aperture voltage, such as the

presence of air in the sample.

[0008] Therefore, a need exists for a more reliable, automated method of
detecting blockage in the aperture of a Coulter Counter® type particle
characterization device. The present disclosure addresses that need by providing a
particle characterization device adapted to more reliably and automatically detect

both partial and complete blockages of the aperture.
SUMMARY

[0009] The present disclosure provides a Coulter Counter® type particle
characterization device adapted to reliably and automatically detect blockage of an
aperture by establishing threshold values for multiple parameters associated with the
characterization of particles during an analysis run. Each of these parameters is
monitored during the run, and any measured parameter that exceeds a preselected
threshold value indicates partial or complete blockage of the aperture. The multiple
parameters can include, for example, flow rate, aperture resistance, count rate, and
pulse concentration. The particle characterization device can be further adapted to
automatically take a predetermined action when a blockage is detected, such as
attempting to remove the blockage and then completing the analysis run without
intervention by the user. The particle characterization device of the present
disclosure has the advantage that a user is not required to visually monitor the
aperture during the run, or be present to take corrective action if a blockage is
detected. An advantage over previous automated blockage detection methods that
rely on an analysis of a single parameter is that the analysis of multiple parameters
associated with particle characterization provides a more reliable detection of
aperture blockage, particularly partial blockage, and gives fewer false positives. A

given aperture blockage may affect one parameter more than others. Sucha
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blockage might be detected by one parameter but not by the others, and would
therefore not be detected if the single parameter analyzed was not the one most
affected by the blockage. That blockage, however, would be reliably detected by a
device of the present disclosure, which detects a blockage if any of the parameters
exceeds a threshold value, regardless of which parameter thresholds are exceeded

and which are not.

[0010] In addition, the use of a combination of parameters to identify
blockage allows the threshold value of each parameter to be set more
conservatively, since a single parameter (single threshold value) is not relied on to
identify all blockages. This provides a method that is both more reliable in
detecting a blockage (by the analysis of multiple parameters), yet is less likely to
incorrectly identify a blockage (since more conservative threshold values can be
used). The use of multiple parameters is especially advantageous in detecting a
partial blockage of an aperture, where the effect on any single parameter is usually

less, and the effect is typically less predictable.

[0011] In one aspect, an apparatus for characterizing particles suspended
in a liquid sample containing electrolyte is disclosed, the apparatus includes: (a) a
sample chamber for holding the liquid sample and a collection chamber for holding
an electrolyte solution, the sample and collection chambers separated by a wall; (b)
an aperture in the wall for passage of particles between the sample chamber and
collection chamber; (c) a pair of electrodes disposed on opposite sides of the
aperture for inducing an electric current through the aperture; (d) a pressure source
for drawing the liquid sample from the sample chamber into the collection chamber
through the aperture; and (e) a processor for measuring a signal representative of
electrical resistance variation between the electrodes to enable determination of the
size of the a particle within the liquid passing through the aperture, wherein the
processor is adapted to detect a potential blockage of the aperture by detecting a
predetermined change in one or more parameters characterizing the flow of particles
through the aperture, wherein at least one of the one or more parameters is selected
from the group consisting of flow rate, count rate, pulse concentration, and steady-

state aperture resistance.

[0012] In a second aspect, the apparatus of the first aspect includes the

predetermined change being a measured value that exceeds a predetermined
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threshold value for any of the one or more parameters, and wherein the
predetermined threshold value is a value that is predetermined by a user of the

apparatus.

[0013] In a third aspect, the apparatus of either the first or second aspects
includes the predetermined change being a measured value that exceeds a
predetermined threshold value for any of the one or more parameters, and wherein
the predetermined threshold value for at least one of the one or more parameters is a
relative value dependant on a measured value from a previous particle

characterization run.

[0014]  In a fourth aspect, the apparatus of any one of the first to third
aspects includes the predetermined change being a measured value that exceeds a
predetermined threshold value for any of the one or more parameters, and wherein
the predetermined threshold value for at least one of the one or more parameters is a
relative value dependant on a measured value from the present particle

characterization run.

[0015] In a fifth aspect, the apparatus of any one of the first to fourth
aspects includes the predetermined change being a measured value that exceeds a

predetermined threshold value for a predetermined length of time.

[0016] In a sixth aspect, the apparatus of any one of the first to fifth
aspects includes the processor being further adapted to direct a preselected action
when potential blockage of the aperture is detected, wherein the preselected action

is preselected by a user of the apparatus from a choice of two or more actions.

[0017]  In a seventh aspect, the apparatus of any one of the first to sixth
aspects includes the processor adapted to detect a potential blockage of the aperture
during a particle characterization run by detecting a predetermined change in the
flow rate through the aperture, wherein the predetermined change is a measured
flow rate that is approximately 60% or less of the flow rate measured at the

beginning of the particle characterization run.

[0018]  In an eighth aspect, the apparatus of any one of the first to seventh
aspects includes the processor adapted to simultaneously monitor flow rate through

the aperture and steady-state resistance across the aperture.
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[0019] In a ninth aspect, the apparatus of any one of the first to seventh
aspects includes the processor adapted to simultaneously monitor flow rate, count

rate, pulse concentration, and steady-state resistance across the aperture.

[0020] In atenth aspect, the apparatus of any one of the first to ninth
aspects includes the processor adapted to monitor steady-state resistance across the
aperture, and wherein the processor is adapted to detect a potential blockage of the
aperture by detecting a change in the steady-state resistance across the aperture that

leads to a change in voltage across the aperture of approximately 1 volt or more.

[0021] In an eleventh aspect, the apparatus of any one of the first to tenth
aspects includes the processor adapted to monitor particle count rate during a
particle characterization run, and wherein the processor is adapted to detect a
potential blockage of the aperture by detecting a measured particle count rate during
the run that is approximately 60% or less of the particle count rate measured during

the beginning of the run.

[0022] In atwelfth aspect, a method for automatically detecting a potential
blockage in an aperture of a Coulter-type particle-characterization device, the
method embodied in a set of machine-readable instructions executed on a processor,
includes: (a) monitoring one or more parameters characterizing the flow of particles
through the aperture, wherein at least one of the one or more parameters is selected
from the group consisting of flow rate, count rate, pulse concentration, and steady-
state aperture resistance; (b) detecting a predetermined change in one of the one or
more parameters, wherein the predetermined change is a measured value that
exceeds a predetermined threshold value indicative of a blockage of the aperture; (c)
identifying a potential blockage of the aperture when the measured value exceeds
the predetermined threshold value; and (d) taking a predetermined action when a

potential blockage of the aperture is identified.

[0023] In a thirtheenth aspect, the method of the twelfth aspect includes
the predetermined action of (d) being preselected by a user of the apparatus from a

choice of two or more actions.

[0024] In a fourteenth aspect, the apparatus of either the twelfth or
thirteenth aspects includes the steady state resistance across the aperture monitored

in (a), and wherein a potential blockage of the aperture is identified in (¢) when the



WO 2009/155492 PCT/US2009/047917

measured steady-state resistance across the aperture exceeds a preselected
percentage of the measured steady-state resistance across the aperture from the

beginning of the particle characterization run.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Fig. 1 illustrates an exemplary embodiment of a particle

characterization device.

[0026] Fig. 2 illustrates an exemplary flowchart of a method of
automatically detecting a blockage in an aperture of a particle characterization

device.

[0027] Fig. 3 illustrates an exemplary menu box displayed to a user of a

particle characterization device.

[0028] Fig. 4 illustrates a trace of flow rate measured when aperture

blockage is detected by a decreased flow rate during a particle characterization run.

[0029] Fig. 5 illustrates a trace of measured resistance when aperture
blockage is detected by an increased resistance across the aperture during the

particle characterization run.

[0030] Fig. 6 illustrates a trace of measured particle count rate when
aperture blockage is detected by a decreased count rate during the particle

characterization run.

[0031] Fig. 7 illustrates a trace of calculated pulse concentration when
aperture blockage is detected by an increased pulse concentration during the particle

characterization run.

[0032] Fig. 8 illustrates another embodiment of a Coulter Counter® type

particle characterization device.

DETAILED DESCRIPTION

[0033] The present disclosure provides a Coulter Counter® type device
for characterizing particles suspended in a liquid sample, the device adapted to

electronically detect blockage of an aperture during the characterization of particles
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passing through the aperture. The device is adapted to analyze multiple parameters
characterizing passage of particles through the aperture, including liquid flow rate,
aperture voltage, measured count rate, and measured concentration. Upper or lower
threshold values for each parameter can be set prior to the start of a run. A potential
blockage of the aperture is detected when any of the measured values exceeds the
set threshold value. The Coulter Counter® type particle characterization device of
the present disclosure can be further adapted to automatically take a predetermined
action when a blockage is detected. These actions can include stopping the run;
attempting to remove the blockage and then stopping the run; or attempting to
remove the blockage and then continuing the run. An advantage of electronically
detecting a blockage is that the user of the device is not required to monitor each run
by visually monitoring flow through the aperture, either directly through a
magnified window or indirectly using a displayed image of the aperture. A further
advantage is that electronic detection of a blockage based on multiple parameters
characterizing the passage of particles through the aperture is more reliable than
previous electronic methods based on a single parameter, particularly in cases of
partial blockage of the aperture. A further advantage is that an action can be
automatically taken when a blockage is detected, without need for user intervention.
This action can include automatically attempting to remove the blockage and then
continuing the run. In this way, a run can be completed while the device is

unattended, even though a blockage of the aperture may occur during the run.

[0034] Figure 1 illustrates one embodiment of a sample chamber 12
containing a liquid sample 22, and a collection chamber 14 containing an electrolyte
solution 24. The liquid sample 22 in the sample chamber 12 comprises electrolyte
and sample particles 26. The sample and collection chambers (12, 14) are separated
by a wall 16 containing an aperture 18. A first electrode 28 and a second electrode
32 are disposed across the aperture 18 in the sample chamber 12 and the collection
chamber 14, respectively. A voltage source 38 supplies voltage to the first and
second electrodes (28, 32), creating an electrolytic current through the aperture 18.
A pressure source 34 forces liquid sample 22 from the sample chamber 12, through
the aperture 18, into the collection chamber 14. The aperture 18 is sized so that
generally, only one sample particle 26 occupies the aperture 18 at any one time.

Passage of uncharged sample particles 26 through the aperture 18 interferes with the
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current-induced flow of electrolyte through the aperture 18, causing a transient
increase in the electrical resistance across the aperture 18. This transient increase in
resistance is detected as a voltage pulse 44 by the voltage-pulse amplification and
detection circuitry 36, which can be displayed by a processor 40 as an oscilloscope-
like trace 43 on a display monitor 42. The presence of a voltage pulse 44 indicates
the passage of typically a single sample particle 26 through the aperture 18, and the
height of the pulse 44 is generally dependant on the size of the sample particle 26
passing through the aperture 18, since larger sample particles 26 tend to displace
more electrolyte, causing a larger transient resistance across the aperture 18. In this
way, the number and size of sample particles 26 in the liquid sample 22 can be

determined.

[0035] The functioning of a Coulter Counter® type particle
characterization device depends on the unobstructed passage of particles through the
aperture 18. Sample particles 26 that are larger than the aperture 18, foreign
particles, or an aggregation of sample particles 26 may partially or fully block the
aperture 18. When such a blockage occurs, the blockage typically must be removed

before particle characterization can continue.

Flow Rate

[0036] In the embodiment illustrated in Figure 1, the pressure source 34
draws electrolyte solution 24 from the collection chamber 14, thereby drawing
liquid sample 22, including sample particles 26, through the aperture 18 into the
collection chamber 14. The pressure source 34 can be any suitable source, such as a
flow pump, a vacuum pump, a positive displacement device such as a piston or
syringe, or the force of gravity resulting from a difference in liquid levels between
the sample chamber 12 and collection chamber 14. In another embodiment, the
pressure source 34 is configured to push liquid sample 22 from the sample chamber

12 through the aperture 18 into the collection chamber 14.

[0037] Flow rate is the volume of liquid that passes through the aperture
18 during a given period of time. This volume of liquid can be calculated based on
the change in liquid sample level 48 or electrolyte solution level 52 over the time

period, or based on the change in weight of the sample chamber 12 or the collection
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chamber 14 over time, or by any other suitable means. In a preferred embodiment,
a piston is used to draw electrolyte solution 24 from the collection chamber 14. The
volume of liquid that passes through the aperture 18 over a given period of time can
then be calculated based on the linear displacement of the piston over that time
period. In another embodiment, flow rate is measured directly using a flow meter

positioned to measure flow of the electrolyte solution 24 or of the liquid sample 22.

[0038] A blockage of the aperture 18 directly affects the flow rate through
the aperture 18. A complete blockage brings the flow rate to essentially zero. A
partial blockage reduces the flow rate to a percentage of the normal flow rate
(without any blockage). A complete or partial blockage can therefore be detected
by detecting a reduction in the flow rate through the aperture 18 during a particle-

characterization run.

[0039] In some embodiments, a threshold value for flow rate is
preselected before a particle-characterization run begins. This preselected threshold
value can be a relative value, calculated as a percentage of the flow rate from a
previous particle-characterization run, or it can be an absolute value, preselected by
a user based on previous experience with the device, on simple preference, or it can
be an absolute value that is an optimum or preferred value established by trial and
error with the device. In some embodiments, the particle-characterization device is
adapted to save the measured flow rates of previous runs, to present these values to
the user prior to a subsequent run, and to allow the user to select the measured flow
rate from a previous run as the basis of the threshold value for a subsequent run,
where the threshold value is set as a percentage of an average or baseline value
measured from that selected previous run. Typically, the previous run was run
under similar conditions, such as using the same electrolyte composition, electric
current, and size of aperture 18. Blockage of the aperture 18 is indicated when the

measured flow-rate across the aperture 18 falls below the preselected threshold.

[0040] In other embodiments, the threshold flow rate value is set as a
percentage of the flow rate calculated from the current run. In these embodiments,
an average or baseline flow rate is calculated from the beginning of the run, and the
preselected percentage of that average or baseline value is used as the threshold

value for electronic detection of a blockage of the aperture 18 for the remainder of
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the run, where blockage is indicated when the measured flow rate across the

aperture 18 falls below the calculated threshold value.

Aperture Resistance

[0041] In a Coulter Counter® type particle characterization device,
voltage is applied to the first and second electrodes (28, 32) across the aperture 18
to maintain a constant current between the first and second electrodes (28, 32),
dependent on the flow of electrolyte through the aperture 18. Complete or partial
blockage of the aperture 18 can result in reduced flow of electrolyte through the
aperture 18, leading to an increased calculated resistance across the aperture 18. In
the embodiment illustrated in Figure 1, the resistance across the aperture 18 is
calculated from the voltage measured between the first and second electrodes (28,
32) by a voltage detector 46. The voltage detector 46 measures a steady-state
voltage difference between the first and second electrodes (28, 32). The voltage-
pulse amplification and detection circuitry 36 is a separate component, which
generally measures the change in voltage between a steady-state level and the height
of a transient pulse 44 as a particle passes through the aperture 18. This particle-
associated pulse 44 is typically in the microvolt to millivolt range, compared to the
blockage-associated change in steady-state voltage, which can be in the volt range,

as shown, for example, in Figure 5.

[0042] In some embodiments, a Coulter Counter® type particle
characterization device is adapted to allow a user to preselect a threshold value for
aperture resistance, where a measured value of aperture resistance that exceeds the
threshold value is an indication of blockage of aperture 18. Just like flow rate
disclosed above, the threshold value for aperture resistance can be set to an absolute
value or to a relative value, the relative value calculated from either a previous
(good) run or from the beginning of the run to which it is applied. Potential
blockage of the aperture 18 is detected when the calculated resistance across the

aperture 18 exceeds the preselected threshold value.

Particle Count Rate

11
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[0043] Blockage of the aperture 18 of a Coulter Counter® type particle
characterization device tends to decrease the rate that particles in the sample liquid
pass through the aperture 18 and to affect the voltage pulses 44 of particles that do
pass through, reducing the number of voltage pulses that can be distinguished by the
device. Both of these effects lead to a decrease in the count rate measured by the
device, where the count rate is the number of particle-associated voltage pulses
detected per time period. In this way, detection of a reduced count rate is indicative
of the presence of a complete or partial blockage of the aperture 18. In some
embodiments, a Coulter Counter® type particle characterization device is adapted to
allow a user to preselect a threshold value for particle count rate, where a measured
value of particle count rate that falls below the preselected threshold is indicative of
a blockage of the aperture 18. Just like flow rate and aperture resistance disclosed
above, the threshold value for particle count rate can be set to an absolute value or
to a relative value, the relative value calculated from either a previous (good) run or
from the beginning of the run to which it is applied. Potential blockage of the
aperture 18 is detected when the calculated particle count rate falls below the

preselected threshold value.

Pulse Concentration

[0044] Pulse concentration can generally be defined as the percentage of
the time that the voltage analyzed by a Coulter Counter® type particle
characterization device is associated with a voltage pulse, typically corresponding to
passage of a particle through the aperture 18. Blockage of the aperture 18 can lead
to an increase in the calculated pulse concentration, due to increased voltage across
the aperture 18 caused by the blockage. Therefore, detection of an increased pulse
concentration during a particle characterization run can indicate the presence ofa
potential blockage of the aperture 18. In some embodiments, a Coulter Counter®
type particle characterization device is adapted to allow a user to preselect a
threshold value for pulse concentration, where a calculated value of pulse
concentration that exceeds the preselected threshold during a run is indicative of
blockage of the aperture 18. Just like flow rate, aperture resistance, and count rate
disclosed above, the threshold value for pulse concentration can be set to an

absolute value or to a relative value, the relative value calculated from either a
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previous (good) run or from the beginning of the run to which it is applied.
Potential blockage of the aperture 18 is detected when the calculated pulse

concentration exceeds the preselected threshold value.

Detection of Aperture Blockage using Multiple Parameters

[0045] In some embodiments, a Coulter Counter® type particle
characterization device is adapted to allow a user to preselect one or more
parameters that will be used to identify an aperture blockage during a particle
characterization run. A potential blockage of the aperture 18 will be detected if the
measured value of any one of the preselected parameters exceeds a threshold value
set by the user. In this way, a blockage can be detected that exceeds the threshold
value of only one parameter, where such a blockage might otherwise be undetected
if the threshold values of multiple parameters were required for blockage detection,
or if a single parameter was chosen to detect all blockages. For example, one
particular blockage may cause the threshold value for count rate only to be
exceeded, while a second blockage may cause the threshold value of aperture
resistance only to be exceeded. The particle characterization device of the present
disclosure would be able to detect both blockages, while a device adapted to detect

blockage using a single parameter would not.

[0046] The particle characterization device of the present disclosure may
be further adapted to allow the user to accept a suggested default threshold value, or
to alternatively choose a preferred value, that value being either an absolute value or
a relative value, the relative value calculated from either the measured parameter
values of a previous run, or calculated from the beginning of the present run. The
device may be further adapted to allow a user to preselect a length of time that a
threshold value is exceeded before an aperture blockage is detected. This allows
transient blockages, lasting less than the preselected time period, to be ignored by

the particle characterization device.

[0047] Figure 2 is a flow chart summarizing a particle characterization run
using one embodiment of a particle characterization device of the present
disclosure. In this embodiment, one or more parameters are selected by the user,

and a threshold value for each of the selected parameters is chosen by the user, as
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well as the action that will be taken by the device if a blockage is detected. During
the run, each selected parameter is monitored, and if the threshold value of any of
the parameters is exceeded, the particle characterization device takes the preselected

action.

[0048] Figure 3 is an exemplary menu box that is displayed to a user in
some embodiments of the disclosed particle characterization device. In these
embodiments, a user can select whether or not to use automatic blockage detection
for a particular run by selecting either radio button 54 to not use automatic blockage
detection, or one of radio buttons 56 or 58 to use automatic blockage detection with
threshold values based on a previous (reference) run or from the start of the current
run, respectively. If radio button 56 is selected (to choose automatic detection based
on a previous reference run), then the user may select which previous run to use by
selecting menu button 98. After a user selects menu button 98, a second menu box
appears, listing the previous runs and allowing the user to select one of them to
establish the threshold parameter values for the present run. The second menu box
also allows the user to select the percentage value that will be used to set an upper
and lower threshold value for each parameter. Once the user selects the reference
run and the percentage values, the device calculates upper and lower threshold
values for each parameter by multiplying the nominal value from the reference run
by the chosen percentage value, and displays the calculated upper threshold values
in boxes 104, 106, and 108 for flow rate, count rate, and aperture resistance,
respectively, and displays the lower threshold values in boxes 118, 122, and 124 for
flow rate, count rate, and aperture resistance, respectively. The nominal values
determined from the selected reference run are displayed in boxes 112, 114, and
116, for flow rate, count rate, and aperture resistance, respectively. The nominal
values can be a baseline value calculated from the reference run, or they can be an
average value calculated from the reference run. The reference run typically must
be a previous run that used the same aperture size and the same type of electrolyte
solution as the present run. The user can then choose which parameters to use for
blockage detection by selecting check boxes 62, 64, 66, and/or 76 for flow rate,
particle count rate, aperture resistance, or pulse concentration, respectively. If pulse
concentration box 76 is selected, the user may enter a percentage value in box 96 to

set the threshold value. For pulse concentration, a potential blockage is detected
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when the measured pulse concentration changes during a run by the percentage
selected in box 96, (if check box 76 is selected), regardless of whether radio button

56 or 58 is selected.

[0049] In the illustrated embodiment of Figure 3, if a user selects radio
button 58 for automatic blockage detection using threshold values calculated from
the start of the run, then the user can select which parameters to use for blockage
detection by selecting check boxes 68, 72, 74, and/or 76 for flow rate, particle count
rate, aperture resistance, and pulse concentration, respectively. The user can then
enter the percentage values that will be used to calculate threshold values in boxes
78, 82, 84, and/or 96 for flow rate, particle count rate, aperture resistance, and pulse

concentration, respectively.

[0050] In the illustrated embodiment, a user can set a time period for the
threshold parameter values before aperture blockage is detected, by entering the
desired time period into box 102. For example, if a user enters 4 (seconds) in box
102, then a potential blockage will be detected only if a measured value for a chosen
parameter exceeds the threshold value for 4 seconds. This allows the particle
characterization device to ignore transient anomalies or blockages and continue the

run

[0051] In some embodiments, default threshold values for parameters used
for automatic blockage detection are presented to the user, specific for the aperture
size and electrolyte solution chosen for the run by the user, so that a user can either
accept the default values or enter a different value. In some embodiments, default
threshold values for different combinations of aperture size and electrolyte solution

are initially set by the manufacturer, but can be changed by the user.

Action Taken When Blockage is Detected

[0052] In some embodiments, a Coulter Counter® type particle
characterization device is adapted to detect aperture blockage based on the analysis
of one or more preselected parameters. In other embodiments, the particle
characterization device is further adapted to allow a user to preselect an action to be
taken when aperture blockage is detected by the device. The preselected action can

be, for example, to stop the analysis run, to stop the analysis run and attempt to

15



WO 2009/155492 PCT/US2009/047917

remove the blockage, such as by reversing the flow of liquid through the aperture
18, or to attempt to remove the blockage and restart the run. In the later case, the
device can be further adapted to allow the user to preselect the number of attempts

the device makes to remove the blockage.

[0053]  In the menu box of Figure 3, a user can select the action that the
device will take after blockage detection by selecting one of the radio buttons 86,
88, or 92, directing the device to either stop the run, to stop the run and attempt to
remove the blockage, or to attempt to remove the blockage and restart the run,
respectively. If the user chooses radio button 88 or 92, then the user can enter the

number of attempts that the device will make to remove the blockage in box 94.

Aperture blockage detected by a decreased flow rate during a particle characterization run.

[0054] Figure 4 displays a trace of the flow rate measured during a particle
characterization run on a modified Multisizer™3 (Beckman Coulter; Fullerton, CA)
particle characterization device. In this run, the electrolyte solution 24 was Isoton ®
IT (Beckman Coulter; Fullerton, CA), and the liquid sample 22 comprised 10 pm
PSL (polystyrene latex standard) sample particles 26 suspended in Isoton ® II. A
100 pm aperture 18 was used, and the sample ran in volumetric mode (2000uL)
with current set to 800 puA and the gain at 4. Normal flow rate was 39ul/sec. In
this run, blockage of the aperture occurred approximately 25 seconds into the run.
As shown in Figure 4, this blockage resulted in a decrease in the measured flow
rate, from approximately 39 pL/sec to approximately 22.5 uL/sec. The blockage
remained for the remainder of the run, indicated by the constant reduced flow rate of
approximately 22.5 pL/sec. The processor 40 in the disclosed device may thus be
configured to detect a potential blockage of the aperture 18 during a particle
characterization run by detecting a predetermined change in the flow rate through
the aperture 18, wherein the predetermined change is a measured flow rate that is,
for example, approximately 60% or less of the flow rate measured at the beginning

of the particle characterization run.
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Aperture blockage detected by an increased resistance across the aperture during a particle

characterization run.

[0055] Figure 5 is a trace of the measured resistance across the aperture 18
for the same particle characterization run as that shown if Figure 4. In the run of
Figure 5, the steady-state voltage across the aperture 18 is approximately 16.1 k
ohms at the beginning of the run, corresponding to a resistance across the aperture
18 of approximately 12.9 volts, calculated using Ohm’s law with a constant current
of 800 pA. At approximately 25 seconds into the run, a blockage of the aperture 18
leads to an increase in the calculated resistance across the aperture 18 to
approximately 17.4 k ohms, corresponding to an increase to approximately 13.9
volts. The aperture resistance remained at approximately 17.4 k ohms for the

remainder of the run, indicating that the aperture 18 remained blocked.

Aperture blockage detected by a decreased count rate during a particle characterization run.

[0056] Figure 6 is a trace of measured particle count rate for the same
particle characterization run as that shown in Figures 4 and 5. The count rate
averages approximately 150 counts/sec for the beginning of the run, then decreases
to an average of approximately 90 counts/sec at approximately 25 seconds into the
run, when the aperture became blocked. The count rate remained at approximately
90 counts/sec for the remainder of the run, indicating that the aperture 18 remained

blocked.

Aperture blockage detected by an increased pulse concentration during a particle

characterization run.

[0057] Figure 7 is a trace of calculated pulse concentration for the same
particle characterization run as that shown in Figures 4-6. The count rate spiked
from approximately 0.9% to approximately 8.5 % at approximately 25 seconds into

the run, indicating blockage of the aperture 18.

[0058] Figure 8 illustrates an embodiment of a Coulter Counter® type
particle characterization device of the present disclosure, comprising a housing 222

with a base 224 and a stage 202 on the base for holding the sample chamber 12 in
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position. Different-sized collection chambers 14 and different-sized sample
chambers 12 can be used on the particle characterization device. The stage 202 is
configured to hold the different-sized sample chambers 12 at different positions
relative to the base 224. In the illustrated embodiment, a first sample chamber 12
fits into a first guide 204 of the stage 202. A second guide 206 is configured to hold
a second-sized sample chamber 12 at a position that is different than the position of
the first sample chamber. This arrangement allows different-sized collection
chambers 14 to be used with corresponding different-sized sample chambers 12,
with the first and second guides 204 and 206 configured to position and hold the
respective sample chamber 12 at the appropriate position relative to the
corresponding collection chamber 14. In another embodiment, the base 224 is
movable, with the position of the base 224 controlled by the processor 40. The
processor 40 positions the base 224 to place the selected sample chamber 12 at an
appropriate position relative to the selected collection chamber 14, based on
information entered by a user regarding the type and/or size of sample chamber 12
and collection chamber 14 being used on the device. In another embodiment, the
type and/or size of sample chamber 12 and collection chamber 14 is encoded in an
indicia or barcode on the sample chamber 12 and collection chamber 14, and an
indicia reader or barcode reader is coupled to the processor 40 to decode the indicia
or barcode and to input the type and/or size information of the sample chamber 12

and the collection chamber 14 into the processor 40.

[0059] A first and second guide 204 and 206 are disclosed in the
illustrated embodiment. A device of the present disclosure can have more than 2
guides to accommodate more than 2 sizes of sample chamber 12 and collection
chamber 14. The guides 204 and 206 ensure that a sample chamber 12 will be in an
optimum and consistent position relative to the collection chamber 14 for more
consistent particle characterization results. The guides 204 and 206 also ensure that
the sample chamber 12 will not come into contact or crash into the collection

chamber 14 or the first electrode 28.

[0060] A stirrer 208 in the sample liquid 22 stirs the sample liquid 22
during the particle characterization run to maintain a uniform suspension of sample
particles 26 in the liquid sample 22. In the illustrated embodiment, the stirrer 208 is
connected to a shaft 212 that is rotated by a motor 214 in a stirrer base 226. A
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movable stirrer arm 216 connects the stirrer base 226 to the device housing 222.
The stirrer arm 216 is movable to position the stirrer 208 at a desired position in the
sample chamber 12 relative to the collection chamber 14 and aperture 18. In a
preferred embodiment, the stirrer arm is coupled to the processor 40 so that the
position of the stirrer arm 216 is controlled by the processor 40. The processor 40
positions the stirrer at an appropriate position based on the information regarding
the size and/or type of sample chamber 12 and collection chamber 14 that is input
into the processor 40. That information can be input by a user, or it can be input by
an indicia or barcode scanning device coupled to the processor 40 that scans an
indicia or barcode on the sample chamber 12 and collection chamber 14 encoding
the size and/or type information. In one embodiment, the stirrer motor 214 is
coupled to the processor 40 so that the processor 40 controls the speed and direction
of rotation of the stirrer 208. The speed and direction of rotation of the stirrer 208
can be selected by a user of the device. A preferred speed and direction of rotation
can be presented by the processor 40 to a user, based on the composition and
viscosity of the electrolyte solution 24 used for the particle characterization run and
on the size and/or type of sample chamber 12 and collection chamber 14 used on the
device. Which electrolyte solution 24 is being used on the particle characterization
device can be input into processor 40 by a user or by an indicia or barcode scanning
device coupled to the processor 40 that scans an indicia or barcode on the
electrolyte-solution container encoding information on the composition of the
electrolyte solution 24. The indicia or barcode on the electrolyte-solution container

can also encode the lot number and expiration date of the electrolyte solution 24.

[0061] In some embodiments, the processor 40 records stirrer 208
position, speed, and direction of rotation, including adjustments made during an

analysis run, to allow a user to reproduce analysis results.

[0062]  An apparatus for characterizing particles suspended in a liquid
sample containing electrolyte is disclosed that includes (a) a sample chamber for
holding the liquid sample and a collection chamber for holding an electrolyte
solution, the sample and collection chambers separated by a wall, (b) an aperture
in the wall for passage of particles between the sample chamber and collection
chamber, (c) a pair of electrodes disposed on opposite sides of the aperture for

inducing an electric current through the aperture, (d) a pressure source for
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drawing the liquid sample from the sample chamber into the collection chamber
through the aperture, and () a processor for measuring a signal representative of
electrical resistance variation between the electrodes to enable determination of the
size of the particle within the liquid passing through the aperture, wherein the
processor is adapted to detect a potential blockage of the aperture by detecting a
predetermined change in one or more parameters characterizing the flow of particles
through the aperture, wherein at least one of the one or more parameters is selected
from the group consisting of flow rate, count rate, pulse concentration, and aperture

resistance.

[0063] The predetermined change may be a measured value that exceeds a
predetermined threshold value for any of the one or more parameters. The
predetermined threshold value for at least one of the one or more parameters may be
selected by a user of the apparatus. The predetermined threshold value for at least
one of the one or more parameters may also be an absolute value. Alternatively, the
predetermined threshold value for at least one of the one or more parameters may be
a relative value, dependant on the measured values from a previous run. The
predetermined threshold value for at least one of the one or more parameters isa
relative value, dependant on the measured values from the beginning of the present

run.

[0064] The processor may be adapted to detect the potential blockage of
the aperture if the threshold value is exceeded for a preselected length of time.
Also, the one or more parameters may be preselected by a user of the apparatus.
The processor may be further adapted to direct a predetermined action when
potential blockage of the aperture is detected. The predetermined action may be, for
example, an attempt to remove the blockage. The pressure source that draws the
liquid sample into the collection chamber may be a piston, and the flow-rate of
liquid sample through the aperture may determined by monitoring the displacement

of the piston.

[0065]  Although the forgoing text sets forth a detailed description of
numerous different embodiments, it should be understood that the scope of the
patent is defined by the words of the claims set forth at the end of this patent. The
detailed description is to be construed as exemplary only and does not describe

every possible embodiment because describing every possible embodiment would
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be impractical, if not impossible. Numerous alternative embodiments could be
implemented, using either current technology or technology developed after the

filing date of this patent, which would still fall within the scope of the claims.

[0066] Thus, many modifications and variations may be made in the
techniques and structures described and illustrated herein without departing from
the spirit and scope of the present claims. Accordingly, it should be understood that
the methods and apparatus described herein are illustrative only and are not limiting

upon the scope of the claims.
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We claim:

1. An apparatus for characterizing particles suspended in a liquid sample containing

electrolyte, the apparatus comprising;:

(a) asample chamber (12) for holding the liquid sample and a collection chamber
(14) for holding an electrolyte solution, the sample and collection chambers (12,
14) separated by a wall (16);

(b) an aperture (18) in the wall (16) for passage of particles between the sample
chamber (12) and collection chamber (14);

(c) apair of electrodes (28, 32) disposed on opposite sides of the aperture (18) for
inducing an electric current through the aperture (18);

(d) a pressure source (34) for drawing the liquid sample from the sample chamber
(12) into the collection chamber (14) through the aperture (18); and

(e) a processor (40) for measuring a signal representative of electrical resistance
variation between the electrodes (28, 32) to enable determination of the size of a
particle within the liquid passing through the aperture (18), wherein the processor
(40) is adapted to detect a potential blockage of the aperture (18) by detecting a
predetermined change in one or more parameters characterizing the flow of
particles through the aperture (18), wherein at least one of the one or more
parameters is selected from the group consisting of flow rate, count rate, pulse

concentration, and steady-state aperture resistance.

2. The apparatus of claim 1, wherein the predetermined change is a measured value that
exceeds a predetermined threshold value for any of the one or more parameters, and
wherein the predetermined threshold value is a value that is predetermined by a user of

the apparatus.

3. The apparatus of claim 1 or claim 2, wherein the predetermined change is a measured
value that exceeds a predetermined threshold value for any of the one or more
parameters, and wherein the predetermined threshold value for at least one of the one
or more parameters is a relative value dependant on a measured value from a previous

particle characterization run.
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4. The apparatus of any one of claims 1 to 3, wherein the predetermined change is a
measured value that exceeds a predetermined threshold value for any of the one or
more parameters, and wherein the predetermined threshold value for at least one of the
one or more parameters is a relative value dependant on a measured value from the

present particle characterization run.

5. The apparatus of any one of claims 1 to 4, wherein the predetermined change is a
measured value that exceeds a predetermined threshold value for a predetermined

length of time.

6. The apparatus of any one of claims 1 to 5, wherein the processor (40) is further adapted
to direct a preselected action when potential blockage of the aperture (18) is detected,
wherein the preselected action is preselected by a user of the apparatus from a choice

of two or more actions.

7. The apparatus of any one of claims 1 to 6, wherein the processor (40) is adapted to
detect a potential blockage of the aperture (18) during a particle characterization run
by detecting a predetermined change in the flow rate through the aperture (13),
wherein the predetermined change is a measured flow rate that is approximately 60%

or less of the flow rate measured at the beginning of the particle characterization run.

8. The apparatus of any one of claims 1 to 7, wherein the processor (40) is adapted to
simultaneously monitor flow rate through the aperture (18) and steady-state resistance

across the aperture (18).

9. The apparatus of any one of claims 1 to 7, wherein the processor (40) is adapted to
simultaneously monitor flow rate, count rate, pulse concentration, and steady-state

resistance across the aperture (18).

10. The apparatus of any one of claims 1 to 9, wherein the processor (40) is adapted to
monitor steady-state resistance across the aperture (18), and wherein the processor (40)
is adapted to detect a potential blockage of the aperture (18) by detecting a change in
the steady-state resistance across the aperture (18) that leads to a change in voltage

across the aperture (18) of approximately 1 volt or more.
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11. The apparatus of any one of claims 1 to 10, wherein the processor (40) is adapted to
monitor particle count rate during a particle characterization run, and wherein the
processor (40) is adapted to detect a potential blockage of the aperture (18) by
detecting a measured particle count rate during the run that is approximately 60% or

less of the particle count rate measured during the beginning of the run.

12. A method for automatically detecting a potential blockage in an aperture (18) of a
Coulter-type particle-characterization device, the method embodied in a set of
machine-readable instructions executed on a processor, the method comprising:

(a) monitoring one or more parameters characterizing the flow of particles through
the aperture (18), wherein at least one of the one or more parameters is selected
from the group consisting of flow rate, count rate, pulse concentration, and
steady-state aperture resistance;

(b) detecting a predetermined change in one of the one or more parameters, wherein
the predetermined change is a measured value that exceeds a predetermined
threshold value indicative of a blockage of the aperture;

(c) 1dentifying a potential blockage of the aperture (18) when the measured value
exceeds the predetermined threshold value; and

(d) taking a predetermined action when a potential blockage of the aperture (18) is

identified.

13. The method of claim 12, wherein the predetermined action of (d) is preselected by a

user of the apparatus from a choice of two or more actions.

14. The method of claim 12 or claim 13, wherein two or more parameters are monitored in
(a), wherein at least one of the two or more parameters is selected from the group
consisting of count rate, pulse concentration, and steady-state aperture resistance, and
wherein a potential blockage of the aperture (18) is identified in (c) when the measured
value for any one of the two or more monitored parameters exceeds the predetermined

threshold value for that parameter.

15. The method of any one of claims 12 to 14, wherein the steady state resistance across the
aperture (18) is monitored in (a), and wherein a potential blockage of the aperture (18)

is identified in (c) when the measured steady-state resistance across the aperture (18)
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exceeds a preselected percentage of the measured steady-state resistance across the

aperture (18) from the beginning of the particle characterization run.

25



WO 2009/155492 PCT/US2009/047917

1/8
-38
1]
36
O
/52 /
46
%y |
34 43
//\ /\ /\ /\ /b/44
)
14 [ {?
42 40
T
24




WO 2009/155492

2/8

SELECT PARAMETERS
TO IDENTIFY BLOCKAGE

v

SELECT THRESHOLD
VALUES FOR EACH
PARAMETER

v

SELECT ACTION TO BE TAKEN
IF BLOCKAGE DETECTED
(STOP AND NOTIFY USER, STOP
AND ATTEMPT TO UNBLOCK, ETC.)

Y

START RUN

THRESHOLD
VALUE OF ANY
SELECTED PARAMETER
EXCEEDED?

CONTINUE RUN

FIG. 2

PCT/US2009/047917

TAKE SELECTED
ACTION




PCT/US2009/047917

WO 2009/155492

3/8

c0l
i

£ 9Ol

7

Spuo0ss H 1583 Je 10} %00|g

abueyn yneiaq

5 ™\ oouesisay ainpady sWwyo
% [_ov] b @w\, 4o X |

o]y

¢8

uny Jo ues woy sbueyn ssn 89

XEN/UIN Ynea(

JeuIWoN Jinejaq

% !/ WoNeuasuss mm.\ 9/ oLl

96
L~ | s

_ 9l ~\ souejsisay ainyady [}

801 velL

ajeyunod [} sswnod| ooozf~ | oos|~ [ oootbvhh seywnog [}
Z/ 901 ech
ajey mold [~ s 58S POl | 6l _zmw: I =45 aley Moy [
wnuwixepy WU [BUIWON  WINWIXBY 9 WNUIUI asn
76 (p8198]8s BUON) [UNI aoUBIa}eY

/

EEIET i o} dn

TUNS |ouslslsl 10888

Heisay pue yooqun ‘jsoue) O 76

ainjiade 8y yoojqun pue jsoue) G§ -

[sued sniejs ut uooj moys ]
(uni jo peIS Woyy) onewomny @+
(unJ souaieel Wol) olewoNY Ot

30 O—17
uonosia(] abeyoo|g -

~88
jeouen synejeq uni ayj jaoues g ~Log
uolpy abeyooig -
p
A0 I9H SPUODSS O ‘SLUl] ‘BPOA [0JU0N

wil g1 einuady

sBunisg uonosiaq afeyooig
v,

— 99

9

~Z9




WO 2009/155492 PCT/US2009/047917

4/8

80

Partial_1176.#m3
70

60

50

FLOW RATE
40
TIME (seconds)
FIG. 4

30

10

L9 o L o) uy (o] Yo (o]
[sp] [ap} g ™~ A

-

40

(/M) 1V MO



PCT/US2009/047917

WO 2009/155492

5/8

G Ol4
(spuooas) JNIL
08 0L 09 0S oy 0¢ 0z oL
N
77»)\/\,\/\
AN NN N AL S
mEu.@\,xlwema —

JONVLSISIY 3dNLdddy

9l

Ll

Gl

81

(swyo ¥) IONVLSISTY IHNLYIdY



PCT/US2009/047917

WO 2009/155492

6/8

9 "9l
(spuodas) NIL
08 0L 09 0s oF oc o o
Lo
= }z .\gﬂ < zﬁég
A
i it
TURGR
cwy gL leed —— L
J1vY INNOD

(S/SLNNOY) FLVH INNOD



PCT/US2009/047917

L Oid
(spuooss) JWIL
08 0L 09 0g oy og 0c Ol
¥ 47\?\/\/\f\é/\/\.)/)( \n/\/\/f)\ e WAVAN L.ﬂ\wf\f\»})(.%?\, Vool

7/8

W#9/LL [eed —— (

WO 2009/155492

NOILVHLINIONOD

(%) NOILVHLINIONOD




WO 2009/155492 PCT/US2009/047917

8/8

[
[®]
[QN]
[
_..vi/w
q- »
w
o]
N )
© o
o~ ~
o4
. <t
N ]
\ =
lvﬁo
]
o~
N
N

S
e
e
P
/
/



INTERNATIONAL SEARCH REPORT

International appiication No

PCT/US2009/047917

CLASSIFICATION (f SUBJECT MATTER
N15/12

A.
INV. GOl

According to International Patent Classification (IPC) or to both nationa! classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIN - :

Documentation searched other than minimum documentation to the extent thal such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory:" Citation of document, with indic_-atidn. where appropriate, of the relevant passages

X . GB 2 337 583 A (MICROBIAL SYSTEMS LTD : 1-6,8-15
[GB]) 24 November 1999 (1999-11-24)
abstract; figures 1,4,6

page 8, line 3 - page 12, line 10

X US 4 977 517 A (GIBBS JR WALDEN L [US] ET 1-9,

‘ AL) 11 December 1990 (1990-12-11) ' 1 12-14

Relevant to claim No.

column 8, Tines 19-23

column 1, line 1 - column 2, line 17
column 2, line 59 - column 3, 1ine 32
column 6, 1ine 11 - column 7, line 2

_/_'_

m Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

"A* document defining the general state of the an which is not
considered to be of particular relevance

“E* earlier document but published on or after the international
filing date

*L*- document which may throw doubts on priotity claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed .

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X' document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y' document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
. document is combined with one or more other such docu—
ments, such combination being obvious to a person skilled
in the art.

'&" document member of the same patent family

Date of the actual completion of the international search

10 September 2009

Date of mailing of the intemational search report

21/09/2009

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

van Lith, Joris

Form PCT/ISA/210 (second sheat) (April 2005) -




. INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/047917

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate, of the relevant passages

23 December 1986 (1986-12-23)
abstract; figure 1 .
column 1, lines 27-32

Category* Relevant to claim No.
X US 4 775 833 A (ROOS ERMI [US] ET AL) 1-6,
4 October 1988 (1988-10-04) 8-10,
cited in the application ©12-15
column 1, lines 6-12 ' .
column 1, 1ine 58 - column 2, line 11
column 3, lines 10-12 ‘ h
column 3, Tine 45 - column 5, Tline 41
X “US 6 389 912 B1 (WOOD MICHAEL ANTHONY 1-6,8-15
[GB]) 21 May 2002 (2002-05-21) :
‘cited in the application
column 7, 1ines 12-67 )
column 8, line 67 - column 9, line 5
column 9, line 65 - column 10 11ne 53"
X US 4 631 483 A (PRONI OSCAR [US] ET- AL)' 1-9,
' 12-14

Form PCT/SA/210 (continuation of second sheet) (April 2006)




INTERNATIONAL SEARCH REPORT

Information on patent family members

international application No

PCT/US2009/047917
Patent document ‘ Publication Patent family Publication
- cited in search report date member(s) date
GB 2337583 A 24-11-1999 AT 244878 T 15-07-2003
' AU 3943599 A 06-12-1999
DE 69909470 D1 14-08-2003
EP 1080362 Al 07-03-2001
Wo 9960378 Al 25-11-1999
JP 4025017 B2 19-12-2007
JP  2002515600.T 28-05-2002
us 6515492 Bl 04-02-2003
US 4977517 A 11-12-1990 NONE

US 4775833 A 04-10-1988 AU 601253 B2 06-09-1990
. ‘AU~ 8325387 A 21-04-1988
BR 8707488 A 06-12-1988
CA 1279698 C - . 29-01-1991
CN 87106641 A 22-06-1988
EP. 0285657 Al 12-10-1988
ES 2005632 A6 16-03-1989
JP 2503351 T 11-10-1990
JP 3058660 B 06-09-1991
NZ 222026 A 27-03-1990
Wo 8802486 Al 07-04-1988
US 6389912 Bl 21-05-2002 AT 352031 T . 15-02-2007
' ; o ' ' DE 69737255 T2 31-10-2007
DK 0844475 T3 21-05-2007
EP 0844475 A2 27-05-1998
ES 2284178 T3 01-11-2007
GB 2319618 A 27-05-1998
US 4631483 A 23-12-1986 AU 575378 B2 28-07-1988
o AU. 3935385 A 27-08-1985
BR 8505007 A 21-01-1986
.CA 1247678 Al 27-12-1988
DE 3584646 D1 19-12-1991
EP 0169897 Al 05-02-1986
ES 8607542 Al 01-11-1986
IT 1182144 B 30-09-1987
JP 5004020 B - 19-01-1993
"JP . 61501170 T 12-06-1986
WO - - 8503576 Al 15-08-1985

" Form PCT/8A/210 (patent family annex) (Aprit 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report

