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ABSTRACT
A biological fluid collection device, such as a blood collection device, to separate the sample into
first and second phases. A pressure gradient can be applied across a separator to facilitate
movement of the first phase ahead of the second phase. The device also includes a container

having three portions having progressively decreasing diameters.
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DEPTH FILTRATION DEVICE FOR SEPARATING SPECIMEN PHASES

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present disclosure relates generally to a device and method for separating higher
and lower density fractions of a fluid sample and, more particularly, the present disclosure
relates to a device and method for rapidly separating higher and lower density fractions of a

fluid sample without the need for a centrifuge or other high-cost equipment.

Description of Related Art

[0002] Diagnostic tests may require separation of a patient’s whole blood sample into
components, such as serum or plasma (the lower density phase components), and particles and
aggregates such as red and white blood cells and platelets (the higher density phase
components). Samples of whole blood are typically collected via venipuncture through a
cannula or needle attached to a syringe or an evacuated blood collection tube. After collection,
separation of the blood into serum or plasma and blood cells is typically accomplished by
centrifugation of the whole blood. More recently, there has been an effort to separate plasma
using microfluidics. However, these approaches are limited by requirements of dilution and
the total volume of blood that can be processed.

[0003] Another common method used for processing micro samples of blood is the lateral
flow separation method wherein a blood sample moves through a strip of filter material in a
lateral direction. However, the total surface area to volume requirements of the material, when
using this method, limits the total volume of blood that can be processed.

[0004] Another technique for separating plasma from a whole blood sample is simple
filtration which allows the blood sample to flow via capillary forces through a filter wherein
the filter includes pore sizes which are smaller than the size of the cellular particles or red blood
cells. This method is commonly referred to as conventional size exclusion filtration. In this
method, the filter traps the cellular particles or red blood cells so as to separate these
particles/cells from the serum or plasma portion. However, one drawback to this method is
that the filter can become blocked, thus hindering movement of the whole blood sample
therethrough and, thus, slowing and/or reducing the collection of the plasma portion of the

sample.
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SUMMARY OF THE INVENTION
[0005] The present disclosure provides a biological fluid collection device, such as a blood
collection device, that is adapted to receive a multi-component blood sample having a cellular
portion and a plasma portion and quickly, efficiently, and cost-effectively separate the plasma
portion from the sample.
[0006] In accordance with one aspect of the invention, a device for separation of a biological
sample into a first phase and a second phase includes a container including an inlet and an
outlet wherein the inlet is configured for receiving the biological sample. The device further
includes a separator located within the container for separating the biological sample into the
first phase and the second phase. The separator can include a series of filters of variable pore
sizes or multiple grades of fibrous filters to progressively filter out different cell types to yield
aclean first phase and a member for creating a pressure gradient across the separator to increase
arate of movement of the biological sample through the separator such that the first phase exits
the separator prior to the second phase.
[0007] According to one embodiment, at least one of the fibrous filters can include a chaotic
fibrous structure that slows particles located within the second phase to further slow the flow
of the second phase and increase a flow of the first phase through the separator.
[0008] The biological sample can move through the container in a vertical direction and the
separator can include an open cell foam positioned adjacent the inlet. The device can further
include a cell filter located after the separator wherein the cell filter is configured to block the
second phase from movement therethrough and exiting through the outlet.
[0009] In accordance to one embodiment, a dry anticoagulant material can be deposited on
the separator. The separator can also be treated to include at least one of a hydrophobic,
hydrophilic, or reactive internal pore surface. Additionally, the separator can be treated to
avoid analyte bias. This treatment can be either additive coatings that act to block analytes
from sticking to a surface or chemical surface modifications.
[0010] The pressure gradient can include a first pressure located at an inlet of the container
and a second pressure located at the outlet of the container and wherein the first pressure is
greater than the second pressure. The member for creating the pressure gradient can include a
pressure regulator for controlling the pressure gradient to generate a desired pressure profile.
Depending upon which device is being used to create the pressure gradient, the pressure
gradient can be one of, or a combination of, a constant, increasing, or decreasing pressure.
[0011] According to another aspect of the invention, a device for separation of a biological

sample into a first phase and a second phase includes a container including at least a first
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portion having a first diameter, a second portion having a second diameter, and a third portion
having a third diameter, an inlet located adjacent the first portion wherein the inlet is configured
for receiving the biological sample, and an outlet located adjacent the third portion, wherein
the second portion is located between the first and third portion. The device further includes a
separator located within the container for separating the biological sample into the first phase
and the second phase and a device for creating a pressure gradient across the separator to
increase a rate of movement of the biological sample through the separator such that the first
phase exits the separator and the outlet prior to the second phase, and wherein the first, second,
and third diameters progressively decrease in size. O

[0012] According to one design, the biological sample moves through the container in a
vertical direction and at least one of the first, second, and third portions has a conical or tapered
structure. The device can also include a narrow feed channel having a diameter which is less
than the first diameter of the first portion. The narrow feed channel can increase in diameter
as the biological sample moves through the container in a vertical direction.

[0013] According to another aspect of the invention, a device for separation of a biological
sample into a first phase and a second phase includes a holder including an inlet and an outlet.
The inlet is configured for receiving the biological sample. The device further includes at least
one lateral flow strip cooperating with the holder for separating the biological sample into the
first phase and the second phase and a member for creating a pressure gradient across the lateral
flow strip to increase a rate of movement of the biological sample through the lateral flow strip
such that the first phase exits the flow strip and the outlet prior to the second phase. The at
least one lateral flow strip can comprise a plurality of lateral flow strips stacked one upon
another. According to one embodiment, the lateral flow strips can have a trapezoidal shape
having a large base and a small base wherein the large base is positioned adjacent the inlet of
the holder and the small base is positioned adjacent the outlet of the holder.

[0014] According to yet another aspect of the invention, a device for the collection and
separation of a biological sample into a first phase and a second phase includes a capillary tube
configured for receiving the biological sample via capillary pressure, a container associated
with the capillary tube wherein the container includes an outlet, a separator located within the
container for separating the biological sample into the first phase and the second phase, and a
member associated with the container outlet for creating a pressure gradient across the
separator to increase a rate of movement of the biological sample through the separator to

facilitate separation of the first phase from the second phase.
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[0015] The separator can include at Ieast one filter formed of a fibrous material. The member
for creating the pressure gradient can comprise a syringe. The container can also comprise a
separation chamber and a first phase collection chamber and wherein after separation of the
sample and collection of the first phase into the collection chamber, the collection chamber can
be removed from the separation chamber. According to one embodiment, the collection
chamber can include a luer lock for connecting the collection chamber to the syringe and after
removal of the collection chamber from the separation chamber, the syringe can be used to
force the first phase out of the collection chamber and into a separate container for diagnostic
testing.

[0016] According to still another aspect, a device for the collection of a biological sample
and separation of the biological sample into a first phase and a second phase includes a
collection chamber having an inlet for collecting the biological sample via venous pressure, a
separation chamber associated with the collection chamber, a separator located within the
separation chamber for separating the biological sample into the first phase and the second
phase, a capillary tube associated with the separation chamber wherein the capillary tube
includes a first end configured for receiving the first phase and a second end, and a member
associated with the second end of the capillary tube for creating a pressure gradient across the
separator to increase a rate of movement of the biological sample through the separator to
facilitate separation of the first phase from the second phase.

[0017] According to one embodiment, the separator can comprise at least one filter formed
of a fibrous material, and the member for creating the pressure gradient can comprise a syringe.
[0018] The capillary tube is separable from the separation chamber such that after separation
of the sample and collection of the first phase into the capillary tube, the capillary tube can be
removed from the separation chamber. The collection chamber can include a luer lock for
connecting the collection chamber to a biological collection system, and the second end of the
capillary tube can include a luer lock for connecting to the syringe.

[0019] According to still another aspect of the invention, a device for the collection of a
biological sample and separation of the biological sample into a first phase and a second phase
includes a collection chamber having an inlet for collecting the biological sample via venous
pressure, a separation chamber associated with the collection chamber, a separator located
within the separation chamber for separating the biological sample into the first phase and the
second phase, a cannula having a first end associated with the separation chamber, and a
vacuum tube associated with the separation chamber via a second end of the cannula. The

vacuum tube can be configured for applying a pressure gradient across the separator to increase
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arate of movement of the biological sample through the separator to facilitate separation of the
first phase from the second phase and to cause the first phase to enter into the vacuum tube via
the cannula.

[0020] According to one embodiment, the separator can comprise at least one filter formed
of a fibrous material. The collection chamber and the separation chamber are separable from
the vacuum tube such that after separation of the sample and collection of the first phase into
the vacuum tube, the collection chamber and separation chamber can be removed from the
vacuum tube. The collection chamber can include a luer lock for connecting the collection
chamber to a biological collection system.

[0021] According to another aspect of the invention, a device for the collection of a
biological sample and separation of the biological sample into a first phase and a second phase
includes a sample collection chamber having an inlet for collecting the biological sample, a
separation chamber associated with the sample collection chamber, a separator located within
the separation chamber for separating the biological sample into the first phase and the second
phase, a first phase collection chamber having a first end associated with the separation
chamber, and a vacuum tube associated with the first phase collection chamber. The vacuum
tube is configured for applying a pressure gradient across the separator to increase a rate of
movement of the biological sample through the separator to facilitate separation of the first
phase from the second phase and to cause the first phase to enter into the first phase collection
chamber.

[0022] The vacuum tube can enclose at least a portion of the first phase collection chamber.
The device can further include a vented closure associated with a second end of the first phase
collection chamber. This vented closure is configured for providing fluid communication
between the vacuum tube and the first phase collection chamber and to prevent collected first
phase to exit the collection chamber and to enter the vacuum tube (air pass — liquid stops at this
vented tip cap).

[0023] According to one embodiment, the vented closure can comprise a removable vented
tip cap (air pass — liquid stops). The first phase collection chamber can include a flexible
membrane such that upon removal of the tip cap, application of a squeezing force to the flexible
membrane expels the first phase out of the device.

[0024] According to another embodiment, the vented closure can comprise a flexible
member including apertures extending therethrough. The first phase collection chamber is

removable from the sample collection chamber such that upon removal of the first phase
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collection chamber from the sample collection chamber, application of a squeezing force to the

flexible member expels the first phase out of the device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] The above-mentioned and other features and advantages of this disclosure, and the
manner of attaining them, will become more apparent and the disclosure itself will be better
understood by reference to the following descriptions of embodiments of the disclosure taken
in conjunction with the accompanying drawings, wherein:
[0026] Fig. 1 is a side elevation view of a chromatographic depth filtration device.
[0027] Figs. 2A-2D are sequential side elevation views of a chromatographic depth filtration
in accordance with an embodiment of the invention.
[0028] Fig. 3 is a side elevation view of a chromatographic depth filtration device in
accordance with an embodiment of the invention.
[0029] Figs. 4A-4C are side elevation views of chromatographic depth filtration devices
using various separation devices in accordance with an embodiment of the invention.
[0030] Fig. 5 is aside schematic view of a chromatographic depth filtration device including
amultiple stage separation device in accordance with an embodiment of the invention-sectional
schematic view of a chromatographic depth filtration device.
[0031] Figs. 6A-6B are side schematic views of chromatographic depth filtration devices
having various container designs in accordance with an embodiment of the invention.
[0032] Fig. 7A is a side schematic view of a chromatographic depth filtration device in
which orientation of the container effects the filtration of the biological sample.
[0033] Fig. 7B is a side schematic view of a chromatographic depth filtration device in which
orientation of the container does not affect the filtration of the biological sample.
[0034] Fig. 8 is a perspective view of a lateral flow separation device in accordance with an
embodiment of the invention.
[0035] Fig. 9 is a schematic perspective view of the lateral flow separation device of Fig. 8
in accordance with an embodiment of the invention.
[0036] Figs. 10A-10C are various pressure modes which can be used with the
chromatographic depth filtration devices in accordance with an embodiment of the invention.
[0037] Fig. 11 is a side perspective view of a chromatographic depth filtration device for

processing a capillary biological sample in accordance with an embodiment of the invention.
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[0038] Figs. 11A-11D are sequential side perspective views of the separation of the
biological sample using the device of Fig. 11 in accordance with an embodiment of the
mvention.

[0039] Fig. 12 is a side perspective view of a chromatographic depth filtration device for
processing a venous biological sample in accordance with an embodiment of the invention.
[0040] Figs. 12A-12D are sequential side perspective views of the separation of the
biological sample using the device of Fig. 12 in accordance with an embodiment of the
mvention.

[0041] Fig. 13 is a side perspective view of a chromatographic depth filtration device for
processing a venous biological sample in accordance with an embodiment of the invention.
[0042] Figs. 13A-13D are sequential side perspective views of the separation of the
biological sample using the device of Fig. 13 in accordance with an embodiment of the
invention.

[0043] Fig. 14 is a side perspective view of a chromatographic depth filtration device for
processing a venous biological sample in accordance with an embodiment of the invention.
[0044] Figs. 14A-14E are sequential side perspective views of the separation of the
biological sample using the device of Fig. 14 in accordance with an embodiment of the
mvention.

[0045] Fig. 15 is a side perspective view of a chromatographic depth filtration device for
processing a venous biological sample in accordance with an embodiment of the invention.
[0046] Figs. 15A-15D are sequential side perspective views of the separation of the
biological sample using the device of Fig. 15 in accordance with an embodiment of the
mvention.

[0047] Corresponding reference characters indicate corresponding parts throughout the
several views. The exemplifications set out herein illustrate exemplary embodiments of the
disclosure, and such exemplifications are not to be construed as limiting the scope of the

disclosure in any manner.

DESCRIPTION OF THE INVENTION
[0048] The following description is provided to enable those skilled in the art to make and
use the described embodiments contemplated for carrying out the invention. Various

modifications, equivalents, variations, and alternatives, however, will remain readily apparent
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to those skilled in the art. Any and all such modifications, variations, equivalents, and
alternatives are intended to fall within the spirit and scope of the present invention.

[0049] For purposes of the description hereinafter, the terms “upper”, “lower”, “right”,
“left”, “vertical”, “horizontal”, “top”, “bottom”, “lateral”, “longitudinal”, and derivatives
thereof shall relate to the invention as it is oriented in the drawing figures. However, it is to be
understood that the invention may assume various alternative variations, except where
expressly specified to the contrary. It is also to be understood that the specific devices
ilfustrated in the attached drawings, and described in the following specification, are simply
exemplary embodiments of the invention. Hence, specific dimensions and other physical
characteristics related to the embodiments disclosed herein are not to be considered as limiting.
[0050] Reference is made to Figs. 1 and 2A-2D which show a device, generally indicated as
2, including a container 4, and a method for the sequential separation of a biological sample,
such as a whole blood sample 10, into a first phase or plasma phase 14 and a second phase or
cellular phase 16 using chromatographic depth filtration in accordance with the invention.
Whole blood includes four components: red blood cells, white blood cells, plasma, and
platelets. The liquid component of blood is plasma, which comprises a mixture of water, sugar,
fat, protein, and salts. When whole blood is made to flow through a separator 30, such as a
highly porous/fibrous material 20, the red blood cells 22 and other cellular particles, i.e., white
blood cells, platelets, and the like 23 interact with fibers 24 either by colliding or wrapping
around the fibers 24. This interaction slows the cellular particles 22, 23 within the cellular
phase 16, whereas the plasma phase 14 moves ahead at a faster rate. Because of this
phenomenon, a cell free plasma front or phase 14 is produced ahead of the cellular phase 16.
This leading plasma front or phase 14 is then collected in a container 50 as it exits the separator
30, as shown in Fig. 2D, and sent for diagnostic testing. Typically, when the blood moves
through the separator 30 via capillary pressure only, the cellular particles 22, 23 often block
the openings of the separator 30, slowing down the separation process. In accordance with the
present invention, a pressure gradient 40, as illustrated in Fig. 1, can be applied across the
separator 30 to increase a rate of movement of the biological sample 10 through the separator
30 such that the first phase 14 moves through and exits the separator 30 prior to the second
phase 16.

[0051] With continuing reference to Figs. 1 and 2A-2D and with further reference to Figs.
3,4A-4C, and 5, the device 2 for separation of the biological sample 10 into a first phase 14
and a second phase 16 includes a container 4 including an inlet 6 and an outlet 8 wherein the

mlet 6 is configured for receiving the biological sample 10. The device 2 further includes the
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separator 30 located within the container 4 for separating the biological sample 10 into the first
phase 14 and the second phase 16. With particular reference to Figs. 3, 4A-4C, and 5, the
separator 30 can include a series of filters 32. According to one embodiment, at least one of
the filters 32 can be a fibrous filter having a chaotic fibrous structure that slows and traps the
red blood cells and cellular particles 22, 23 located within the second phase 16 to further slow
the flow of the second phase 16 and increase the flow of the first phase 14 through the separator.
The fibrous structure of the separator 30 is designed to slow down the flow of the blood cells
by acting as flow obstacles which allow the plasma/serum or the first phase 14 to move faster
through the separator 30 and therefore separate toward the front of the sample flow. According
to one embodiment, the series of filters 32 can have the same porosity, as shown in Fig. 3.
Alternatively, as shown in Figs. 4A-4C, the separator 30 or series of filters 32 can have variable
pore sizes through which the biological sample 10 moves in a vertical or descending direction
wherein the pore size decreases in a downward direction D. For example, the series of filters
32 can include an open cell foam 34 positioned adjacent the inlet 6, a fibrous filter layer 35,
and a cell capture filter 36 located after the separator 30 wherein the cell capture filter 36 is
configured to block the second phase 16 from movement therethrough and exiting through the
outlet 8. According to yet another embodiment as shown in Fig. 5, the separator 30 can include
multiple stages filled with different grades of filters having variable pore sizes 37, 38, 39 to
progressively filter out different cell types to yield a clean first phase 14.

[0052] The device further includes a member for creating a pressure gradient 40 across the
separator 30 and is provided to increase a rate of movement of the biological sample 10 through
the separator 30 such that the first phase 14 exits the separator 30 prior to the second phase 16.
The pressure gradient 40 can include a first pressure P1 located at the inlet 6 of the container 4
and a second pressure P2 located at the outlet 8 of the container 4 and wherein the first pressure
P1 is greater than the second pressure P2. The member for creating the pressure gradient can
include a pressure regulator (not shown) for controlling the pressure gradient to generate a
desired pressure profile. As shown in Figs. 10A-10C and discussed in further detail below,
depending upon which device is being used to create the pressure gradient 40, the pressure
gradient 40 can be one of a constant, increasing, or decreasing pressure.

[0053] The scparator 30 can include a dry anticoagulant material deposited thereon. This
can be done by a technique wherein the separator material is soaked in a liquid solution of the
anticoagulant of desired concentration and then evaporating the liquid. In a similar way, the
separation material can be treated to include at least one of a hydrophobic, hydrophilic, or

reactive internal pore surface.
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[0054] Additionally, the separator can be treated to avoid analyte bias. Analyte bias is the
difference in measured value of analyte from a control value. Generally, biases occur because
of analyte sticking to a surface, analytes leaching from the surface, introduction of other
components interfering with the measurement, or activation of biological processes. In order
to avoid potential analyte bias associated with the separator 30, the material of the separator 30
can be treated. This treatment generally falls into two categories: additive coatings that act to
block analytes from sticking to a surface, and chemical surface modifications. Additive
coatings can include, but are not limited to the following: (1) proteins like bovine serum
albumin (BSA), casein, or non-fat milk; (2) surfactants such as polysorbate 20 (Tween 20) and
organosilicone (L-720); (3) polymers and copolymers such as polyethylene glycol (PEG),
polyvinyl alcohol (PVA), and polyvinylpyrrolidone (PVP); (4) carbohydrates such as dextran
and glycosamino glycans like heparin; and (5) a cell membrane mimicking polymer like
Lipidure, 2-methacryloyloxy ethyl phosphorylcholine. Chemical surface modifications can
include, but are not limited to the following: (1) gas plasma treatment; (2) chemical bonding
of polyethylene glycol (PEG) or other polymers to achieve a desired hydrophobicity or
hydrophilicity; (3) chemical modification of the surface to introduce hydrophilic groups like
ethylene glycol, or hydrophobic groups, such as long carbon chains; and (4) vapor deposition
of a substance such as parylene. It can be appreciated that combinations of any of the above
materials may be used to achieve the desired properties to minimize analyte bias for a specific
analyte or group of analytes. In order to address the broadest range of analytes, a
material/treatment combination resulting in a hydrophilic, neutral surface is targeted; however,
the other treatments can be used for addressing specific analytes.

[0055] Reference is now made to Figs. 6A-6B and 7A-7B, which show a device, generally
indicated as 102 for separation of a biological sample 110 into a first phase and a second phase
116 wherein a container 104 has a tapered, stepped, or conical structure which improves the
separation time of the biological sample 110 and results in an increased surface area at an inlet
106 which allows for processing of a large volume of the biological sample 110. Fig. 5 also
shows a stepped configuration for the container. The device 102 includes a container 104
having a first portion 160 having a first diameter D1, a second portion 162 having a second
diameter D2, and a third portion 164 having a third diameter D3. The device 102 further
imcludes the inlet 106 located adjacent the first portion 160 wherein the inlet 106 is configured
for receiving the biological sample 110. An outlet 108 is located adjacent the third portion 164
and the second portion 162 is located between the first portion 160 and third portion 164. The

first D1, second D2, and third D3 diameters can progressively decrease in size in order to form
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a tapered, stepped, or conical structure which will improve the separation time of plasma. It
can be appreciated that the stepped design is not limited to three different diameters but rather
can have multiple diameters moving in a decreasing size from the inlet to the outlet of the
container, approaching a conical shape.

[0056] The device further includes a separator 130 located within the container for
separating the biological sample into the first phase and the second phase 116. The particular
structures shown in Figs 5, 6A, and 6B help in processing a large volume of biological fluid
mitially by reducing the overall resistance as well as avoiding clogging of the separator 130.
It can be appreciated that the separator 130 can comprise one or more series of filters 132
having variable or decreasing pore sizes and/or multiple stages filled with different grades of
filters 132. The device 102 further includes a member for creating a pressure gradient 140
across the separator 130 to increase a rate of movement of the biological sample 110 through
the separator 130 such that the first phase exits the separator 130 prior to the second phase 116.
The pressure gradient 140 can include a first pressure P1 located at the inlet 106 of the container
104 and a second pressure P2 located at the outlet 108 of the container 104. The first pressure
P1 is greater than the second pressure P2 to facilitate movement of the biological sample 110
through the separator 130. The member for creating the pressure gradient 140 can be one of
several devices discussed in detail below.

[0057] With continuing reference to Figs. 7A and 7B, the device can also include a narrow
feed channel 170 having a diameter D4 which is less than the first diameter D1 of the first
portion 160. By having a narrow feed channel 170 to introduce the biological sample 110 into
the device 102, there is always a column of the sample in the channel and, thus, the chance of
air entering the system, as shown by arrow 172 in Fig. 7A, is minimized. This allows the
device 102 to be held at any angle avoiding any orientation dependence in the system.

[0058] Reference is now made to Figs. 8 and 9 which show a device, generally indicated as
202 for separation of a biological sample 210 into a first phase 214 and a second phase 216.
The device 202 includes a holder 205 including an inlet 206 and an outlet 208. The inlet 206
is configured for receiving the biological sample 210. The device 202 further includes a
separator 230 in the form of at least one lateral flow strip 232 cooperating with the holder 205
for separating the biological sample 210 into the first phase 214 and the second phase 216. A
member for creating a pressure gradient 240 across the lateral flow strip 232 is provided to
increase a rate of movement of the biological sample 210 through in a lateral direction L
through the lateral flow strip 232 such that the first phase 214 exits the flow strip 232 and the

outlet 208 prior to the second phase 216. A single strip is limited by how much volume it can
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process in the lateral direction. Accordingly, in order to process larger volumes of samples, as
shown in Fig. 9, the separator 230 can comprise a plurality of lateral flow strips 232 stacked
one upon another. Additionally, the lateral flow strips 232 can have a trapezoidal shape having
a large base 244 and a small base 246 wherein the large base 244 is positioned adjacent the
mmlet 206 of the holder 205, and the small base 246 is positioned adjacent the outlet of the holder
205.

[0059] Reference is now made to Figs. 10A-10C which show different modes for the driving
pressure gradients 40, 140, 240 for facilitating the separation of the biological samples 10, 110,
210 as discussed in the above arrangements. The pressure gradient can be constant, increasing,
decreasing, or any combination thereof. The relevant pressure modes for a passive device
would include a decreasing pressure for collection tubes 42, such as shown in Fig. 10A or an
increasing pressure mode, for example when using a syringe 44, as shown in Fig. 10B. A third
mode, as shown in Fig. 10C, could involve a pressure regulator 46 to generate a desired
pressure profile for separating plasma or a first phase 14. This can be used in a core lab for
separating plasma on the analyzer directly.

[0060] Reference is now made to Fig. 11 which shows a device, generally indicated as 302,
and Figs. 11A-11D which show a sequential method for the collection and separation of a
biological sample 310 into a first phase 314 and a second phase 316. The device 302 includes
a capillary tube 350 configured for receiving the biological sample 310 via capillary pressure.
A separation container 352 is associated with the capillary tube 350. The container 352
includes an outlet 354. A separator 330 is located within the separation container 352 for
separating the biological sample 310 into the first phase 314 and the second phase 316. It can
be appreciated that the separator 330 can comprise a plurality of filters or be formed of a fibrous
filter material having any of the characteristics discussed in detail above. A member, such as a
syringe 360, is associated with the container outlet 354 for creating a pressure gradient across
the separator 330 to increase a rate of movement of the biological sample 310 through the
separator 330 to facilitate separation of the first phase 314 from the sccond phase 316. The
container 352 can further include a first phase collection chamber 356. According to one
embodiment, a luer lock 362 can be provided at the outlet 354 of the container 352 adjacent
the first phase collection chamber 356 for connecting the collection chamber 356 to the syringe
360. The first phase collection chamber 356 can be removably attached with the separation
container 352 so that after separation of the sample 310 and collection of the first phase 314
into the collection chamber 356, the collection chamber 356 can be removed from the

separation chamber 352.
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[0061] As shown in Figs. 11A-11D, during operation, a biological sample 310, such as
blood, is received in the capillary tube 350. A syringe 360 is attached to the outlet 354 of the
device 302. A plunger 364 is then pulled or withdrawn, as shown by arrow “W” to apply a
drawing force on the sample 310 to pull the sample 310 through the separator 330 for separating
the first phase 314 or plasma from the sample 310. Once the first phase 314 is drawn into the
first phase collection chamber 356, the first phase collection chamber 356 is separated from the
separation chamber 352, as shown by arrow S in Fig. 11C. The first phase 314 is now ready
to be transferred to a diagnostic testing device. This transference can be accomplished by
pressing the plunger 364, as shown by arrow E in Fig. 11D, to eject the first phase 314.

[0062] Reference is now made to Fig. 12 which shows a device, generally indicated as 402,
and Figs. 12A-12D which show a sequential method for the collection and separation of a
biological sample 410 into a first phase 414 and a second phase 416. The device 402 includes
a collection chamber 470 having an inlet 472 for collecting the biological sample 410 via
venous pressure. A separation chamber 474 is associated with the collection chamber 470 and
a separator 430 is located within the separation chamber 474 for separating the biological
sample 410 into the first phase 414 and the second phase 416. A capillary tube 476 is associated
with the separation chamber 474 wherein the capillary tube 476 includes a first end 477
configured for receiving the first phase 414. The capillary tube also includes a second end 478.
A member, such as a syringe 460, can be associated with the second end 478 of the capillary
tube 476 for creating a pressure gradient across the separator 430 to increase a rate of movement
of the biological sample 410 through the separator 430 to facilitate separation of the first phase
414 from the second phase 416. The collection chamber 470 can include a luer lock 466 for
connecting the collection chamber to a biological collection system or blood collection system
well known in the art. The second end of the capillary tube 476 can include a luer lock 462 for
connecting to the syringe 460.

[0063] It can be appreciated that the separator 430 can comprise a plurality or stack of filter
elements and/or can include one or more filters formed of a fibrous material as discussed in
detail above. Additionally, the capillary tube 476 is separable from the separation chamber
474 such that after separation of the sample 410 and collection of the first phase 414 into the
capillary tube 476, the capillary tube 476 can be removed from the separation chamber 474.
[0064] As shown in Figs. 12A-12D, during operation, the biological sample 410, such as
blood, is drawn into the collection chamber 470 using a conventional blood collection system.
A syringe 460 is attached to the outlet 478 of the capillary tube 476 via luer lock 462. The
plunger 464 is then pulled or withdrawn, as shown by arrow W to apply a drawing force on the

13

Date Regue/Date Received 2022-10-17



sample 410 to pull the sample 410 through the separator 430 for separating the first phase 414
or plasma from the sample 410. Once the first phase 414 is drawn into the capillary tube 476,
the capillary tube 476 is separated from the separation chamber 474, as shown by arrow S in
Fig. 12C. The first phase 414 is now ready to be transferred to a diagnostic testing device.
This transference can be accomplished by pressing the plunger 464, as shown by arrow E in
Fig. 12D, to eject the first phase 414.

[0065] Reference is now made to Fig.13 which shows a device, generally indicated as 502,
and Figs. 13A-13D which show a sequential method for the collection and separation of a
biological sample 510 into a first phase 514 and a second phase 516 using a venous biological
sample, such as a venous blood sample with the separation device as part of the sample
collection device to directly collect the first phase 514 or plasma directing into an evacuated
tube. The device 502 includes a collection chamber 570 having an inlet 572 for collecting the
biological sample 510 via venous pressure such as with the use of a conventional blood
collection device. According to one embodiment, a luer lock 566 can be provided to connect
the device 502 with the blood collection device. The device 502 includes a separation chamber
574 associated with the collection chamber 570. A separator 530 is located within the
separation chamber 574 for separating the biological sample 510 into the first phase 514 and
the second phase 516. A cannula 580 is provided having a first end 581 associated with the
separation chamber 574. A holder 583 is provided and a second end 582 of the cannula extends
therein. A vacuum tube 584 is positioned within the holder 583 and is associated with the
separation chamber 574 via the second end 582 of the cannula 580. According to one
embodiment, a self-sealing stopper 585 can be provided on the vacuum tube, which can be
pierced by the second end 582 of the cannula 580. The vacuum tube 584 pulls a vacuum and
applies a pressure gradient across the separator 530 to increase a rate of movement of the
biological sample 510 through the separator 530 to facilitate separation of the first phase 514
from the second phase 516 and to cause the first phase 514 to enter into the vacuum tube 584
via the cannula 580.

[0066] As discussed in detail above, the separator 530 can comprise a plurality of filters of
varying porosity and/or one or more filters formed of a fibrous material. The collection
chamber 570 and the separation chamber 574 are separable from the vacuum tube 584 such
that after separation of the sample 510 and collection of the first phase 514 into the vacuum
tube 584, the collection chamber 570 and separation chamber 574 can be removed from the

vacuum tube 584.
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[0067] As shown in Figs. 13A-13D, during operation, the biological sample 510, such as
blood, is drawn into the collection chamber 570 using a conventional blood collection system.
The vacuum tube 584 is inserted into holder 583 and stopper 585 is pierced by cannula 580.
As shown in Fig. 13B, upon attachment of the vacuum tube 584, vacuum pressure is applied to
the sample 510 through the cannula to pull the sample 510 through the separator 530 for
separating the first phase 514 or plasma from the sample 510. The first phase 514 is then pulled
directly into the vacuum tube 584 as shown in Fig. 13C. The vacuum tube 584, which includes
the self-sealing stopper 585, may now be removed from the device 502 for diagnostic testing,
as shown in Fig. 13D.

[0068] Reference is now made to Fig.14 which shows a device, generally indicated as 602,
and Figs. 14A-14E which show a sequential method for the collection and separation of a
biological sample 610 into a first phase 614 and a second phase 616 using a venous biological
sample, such as a venous blood sample, with the separation device located within an evacuated
tube 690. The device 602 includes sample collection chamber 670, a separation chamber 674
associated with the sample collection chamber 670, a separator 630 located within the
separation chamber 674 for separating the biological sample 610 into the first phase 614 and
the second phase 616. A first phase collection chamber 676 having a first end 677 is associated
with the separation chamber 674.

[0069] With continuing reference to Figs. 14 and 14A-14E, the vacuum tube 690 is
associated with the first phase collection chamber 676. The vacuum tube 690 is configured for
applying a pressure gradient across the separator 630 to increase a rate of movement of the
biological sample 610 through the separator 630 to facilitate separation of the first phase 614
from the second phase 616 and to cause the first phase 614 to enter into the first phase collection
chamber 676. The separator 630 can be a plurality of filters of varying porosity and/or varying
grades of porous filters as discussed in detail above. As shown in Fig. 14, the vacuum tube
690 can enclose the entire collection device. The vacuum tube 690 is closed via a self-sealing
stopper 691. The device 602 can then be associated with any known biological collection
device to collect a biological sample. The device 602 can also include a vented closure, such
as aremovable vented tip cap 692, associated with a second end 678 of the first phase collection
chamber 676. This vented tip cap 692 is configured for providing fluid communication
between the vacuum tube 690 and the first phase collection chamber 676. The first phase
collection chamber 676 can also include a flexible membrane 693, which functions to expel the
first phase 614 out of the first phase collection chamber 676, as shown in Figs. 14D-14E, upon

removal of the tip cap R and an application of a squeezing “SQ” force thereto.
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[0070] As shown in Figs. 14A-14E, during operation, the biological sample 610, such as
blood, is drawn through self-sealing stopper 691 into the collection chamber 670 located within
vacuum tube 690. The vacuum within the tube 690 acts to apply a pressure gradient to the
sample 610 to pull the first phase 614 through the separator 630 at a faster rate than the second
phase 616. After separation, the vacuum tube 690 can be removed from the collection device
as shown by “S” in Fig. 14C. The first phase 614 is now ready to be transferred to a diagnostic
testing device. This transference can be accomplished by removal of the vented tip cap 692,
as shown in Fig. 14D and the application of a squeezing force “SQ” to the flexible member
693, as shown in Fig. 14E to expel the first phase 614 therefrom.

[0071] Reference is now made to Fig.15 which shows a device, generally indicated as 702,
and Figs. 15A-15D which show a sequential method for the collection and separation of a
biological sample 710 into a first phase 714 and a second phase 716 using a venous biological
sample, such as a venous blood sample, with the separation device located within an evacuated
tube 790. The device 702 includes sample collection chamber 770, a separation chamber 774
associated with the sample collection chamber 770, a separator 730 located within the
separation chamber 774 for separating the biological sample 710 into the first phase 714 and
the second phase 716. A first phase collection chamber 776 having a first end 777 is associated
with the separation chamber 774.

[0072] With continuing reference to Figs. 15 and 15A-15D, the vacuum tube 790 is
associated with at least the first phase collection chamber 776. The vacuum tube 790 is
configured for applying a pressure gradient across the separator 730 to increase a rate of
movement of the biological sample 710 through the separator 730 to facilitate separation of the
first phase 714 from the second phase 716 and to cause the first phase 714 to enter into the first
phase collection chamber 776. The separator 730 can be a plurality of filters of varying
porosity and/or varying grades of porous filters as discussed in detail above. As shown in Fig.
15, the vacuum tube 790 can enclose the entire collection device. The vacuum tube 790 is
closed via a self-sealing stopper 791. The device 702 can then be associated with any known
biological collection device to collect a biological sample. The device 702 can also include a
vented closure, such as a bulbous shaped, flexible member 794 including apertures 795
extending through a wall portion. This vented flexible member 794 is configured for providing
fluid communication between the vacuum tube 790 and the first phase collection chamber 776.
The bulbous flexible member 794 is secured or integrally formed with the first phase collection
chamber 776. After separation of the first phase 714 into the first phase collection chamber

776, the vacuum tube 790 can be removed and the first phase collection chamber 776 can be
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separated from the collection and separation chambers 770 and 774, as shown in Fig. 15C. The
bulbous flexible member 794 then functions to expel the first phase 714 out of the first phase
collection chamber 776, as shown in Fig. 15D, upon the application of a squeezing SQ force
thereto.

[0073] As shown in Figs. 15A-15D, during operation, the biological sample 710, such as
blood, is drawn through self-sealing stopper 791 into the collection chamber 770 located within
vacuum tube 790. The vacuum within the tube 790 acts to apply a pressure gradient to the
sample 710 to pull the first phase 714 through the separator 730 at a faster rate than the second
phase 716. After separation, the vacuum tube 790 can be removed from the collection device
and the first phase collection chamber 776 can be removed from the separation chamber 774
as shown by S in Fig. 15C. The first phase 714 is now ready to be transferred to a diagnostic
testing device. This transference can be accomplished by the application of a squeezing force
“SQ” to the flexible bulbous member 794, as shown in Fig. 15D, to expel the first phase 714
therefrom.

[0074] The proposed plasma separation technology of the present invention provides the
following advantages over the techniques currently in use: (A) rapid flow through plasma
separation for small and large blood volumes eliminating the need for centrifugation; (B) the
presence of an additional filter at the end of the separation column can further restrict particle
passage, screening out the smallest celiular material such as platelets or debris; (C) provides
low cost designs for both passive and active plasma separation and dispensing; and (D) the 3-
D configuration minimizes device size which can be incorporated into feasible product.
[0075] While specific embodiments of the invention have been described in detail, it will be
appreciated by those skilled in the art that various modifications and alternatives to those details
could be developed in light of the overall teachings of the disclosure. Accordingly, the
particular arrangements disclosed are meant to be illustrative only and not limiting as to the
scope of the invention which is to be given the full breadth of the claims appended and any and

all equivalents thereof.
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CLAIMS

1. A device for separation of a biological sample into a first phase and a second
phase, said device comprising:

a container including at least a first portion having a first diameter, a second portion
having a second diameter, and a third portion having a third diameter;

an inlet located adjacent the first portion, said inlet configured for receiving the
biological sample;

an outlet located adjacent the third portion wherein the second portion is located
between the first and third portion;

a separator located within the container and disposed between the inlet and the
outlet, the separator for separating the biological sample into the first phase and the second phase;
and

a member for creating a pressure gradient across the separator to increase a rate of
movement of the biological sample through the separator such that the first phase exits the
separator and the outlet prior to the second phase, and wherein the first, second, and third diameters
progressively decrease in size with the first diameter being the largest in size and the third diameter

being the smallest in size,

wherein the biological sample moves through the container in a vertical direction
and the inlet comprises a narrow feed channel having a diameter which is less than the first

diameter of the first portion, and

wherein the narrow feed channel increases in diameter as the biological sample

moves through the container in the vertical direction.

2. The device of claim 1, wherein the biological sample moves through the
container in a vertical direction and at least one of the first, second, and third portions has a conical

or tapered structure.
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