AWV RN A

AU9342569

(12) PATENT ABRIDGMENT  (11) pocument ho. AU-B-42569/93
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 664464

(54) Title
PHASE-SEPARATION TUBE

Internationat Patent Classification(s)
(51)° BOID 017/038 BO1L 003/14 GO1N 033/483

(21) Application No. : 42569/93 {22) Application Date : 23.04.93
(87) PCT Publication Number : W093/22674
(30) Priotity Data

(31) Number (32) Date (33) Countty
877497 01.05.92 US UNITED STATES OF AMERICA

(43) Publication Date : 29.11.93
{44) Publication Date of Accepted Application : 16.11.95

(71) Applicant(s)
E.l. DU PONT DE NEMOURS AND COMPANY; GEORGE ALLEN ADAMS

(72) Inventor(s)
GEORGE ALLEN ADAMS; ROBERT PAUL LUOMA I

(70) Nominated Person(s)
DU PONT CANADA INC.; E.l. DU PONT DE NEMOURS AND COMPANY

(74) Attorney or Agent
CALLINAN LAWRIE , Private Bag 7, KEW VIC 3101

{56) Prior Art Documents
EP 285076
EP 341586
US 4202769

(57) Claim

1. A method of partitioning a pre-selected phase of a sample of liquid having
a plurality of phases of differing densities, comprising the steps of:

(a) passing said sample of liquid through a first end of a linear unitary tube and
into a first chamber of said tube, said first chamber being located at the first end
of said tube and being separated from a second chamber located at a second
opposed end of the same tube by a separation device, said second chamber being
free of the liquid said separation device slidably engaging the interior surface of
the tube in a fluid-tight manner and having a flow-restriction orifice therein to
permit fluid flow communication between the first and second chambers under the
influence of force;

(b} ordering the phases of the sample within the tube by rotating the tube
about its longitudinal axis; and

(c) while the phases are ordered, reducing the volume of the first chamber by
applying force through the second end bf the tube to cause movement of the
saparation device within the tube, such that one phase of the liquid in the first
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chamber flows through the flow-restriction orifice as the volume of the first
chamber is reduced and into the second chamber, said phase in the second
chamber beirg remaovable therefrom through the second end of the tube.
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(54) Title: PHASE-SEPARATION TUBE

{57) Abstract

A method of partitioning a
pre-selected phase of a sample of
liquid having a plurality of phases
of differing densities, and a tube. A
sample of liquid is passed through
a first end of a lincar tube and into
a first chamber of said tube. The

. first chamber is located at the first
, end of the tube and is' separated.

from a second chamber located at a
second opposed end of the tube by
a separation device. The separation
device slidably engages the interior

| surface of the tube in an essentially

fluid-tight manner and has a flow-
restriction orifice therein to permit
fluid flow communpication between
the first and second chambers un-
der the influence of force. The
phases are then ordered within the
tube using e.g. axial centrifugation.

‘| The volume of the first chamber is

reduced by movement of the separ-
ation device within the tube, such
that one phase of the liquid in the
first chamber flows through the
flew-restriction orifice and into the
second chamber,
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PHASE-SEPARATION TUBE

FIELD OF THE INVENTION

The present invention relates to a method and
apparatus for the separation into phases of a sample of
liquid, including colloidal suspensions, having a
plurality of phases of differing densities, and
especially for the separation of one phase of the liquid
sample from the remainder of the liquid in a manner that
minimizes contamination of the phases and contamination
of a phase of the liquid with the liquid per se. The
invention is particularly useful in the separation of
blood into components thereof, especially for purposes of
testing and analysis of blood components, while
minimizing contamination of a separated phase by the
whole blood.

CKGROUND NTIO

Diagnostic tests frequently regquire separation of a
patient’s whole blood sample into compeonents, especially
cellular portions from non~cellular portions e.g. serum
or plasma from cells. For instance, plasma is obtained
from anticoagulated blood and still contains all of the
coagulation proteins, whereas serum is obtained from
clotted blood with the proteins being retained with the
clot and red blood cells. Sanmples of whole blood are
typically collected by venipuncture through a special
cannula or needle attached to a syringe or an evacuated
collection tube. The sample of blood in the form that is
to be separated into components is typically drawn, using
a needle, through a penetrable self-sealing elastomeric
closure or other stopper into an evacuated tube.
Separation is then accomplished e.g. by rotation of the
tube in a conventional centrifuge e.g. a swinging bucket
or & fixed angle centrifuge, as the different components
of the whole blood have different densities, as described
in U.S. Patent 4 152 269 of A.L. Babson.



-)

£

10

1

AN apparatus and metnod of separating zlood phases
2y rotvation ¢f a tube about its longitudinal axis i.,e.
axial rotation, are described in U.S, Patent 4 8§28 716
(EP 0 285 076) of J.A. M¢Ewen et al. The blood sample is
introduced to the tube through a cap assembly that
consists of a piercable cleosure and a separater that has
a one-way valve. The tube is then rotated about its
longitudinal axis; the heavier cellular phase lines the
tube wall and thereby separates from the lighter non-
cellular (plasma or serum) phase. Once separation has
been achieved, an axial probe penetrates the piercable
closure, detaches the separator from the cleosure and
forces the separator down the tube. The axially-located
non-cellular phase passes through the separator. An
optical sensor is utilized to detect when the cellular
phase begins passihg into the separator, and to stop
movement of the séparat@r. Thus, the two phases are
physically separated.‘ However, it is believed that a
separator that is more reliable in operation and which
may be maﬁufactured in a cost effective manner is
required. A séparator of different design that is
believed to be effective in maintaining the phases in a
physically separated form is disclosed in the application
of G.A. Adams and R.P. Luoma, filed concurrently
herewith.

| In the separation of a ligquid, especially blood,

into phases, it is important that cross-contamination ¢
samples be minimized and preferably avoided. 1In
particular, whole blood should not contaminate serum
fractions, as can occur in tubes conventionally used in
the trade.
SU» OF THE INVENTION

Accordingly, the present invention provides a method
of partitioning a pre-selected phase of a sample of
liguid having a plurality of phases of differing
densities, comprising the steps of:

AMENDED SHEET
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(a) passing said sample of liquid through a first end of a linear unitary tube and
into a first chamber of said tube, said first chamber being located at the first end
of said tube and being separated from a second chamber located at a second
opposed end of the same tube by a separation device, said second chamber being
free of the liquid said separation device slidably engaging the interior surface of
the tube in a fluid-tight manner and having a flow-restriction orifice therein to
permit fluid flow communication between the first and second chambers under the
influence of force;
(b} ordering the phases of the sample within the tube by rotating the tube
ahout its longitudinal axis; and
{c) while the phases are ordered, reducing the volume of the first chamber by
applying force through the second end of the tube to cause movement of the
separation device within the tube, such that one phase of the liquid in the first
chamber flows through the flow-restriction orifice as the volume of the first
chamber is reduced and into the second chamber, said phase in the second
chamber being removable therefrom through the second end of the tube.

in a preferred embodiment of the method of the invention, the flow-
restriction channel permits flow of liquid from the first chamber to the second
chamber during step (c) but restricts flow of liquid at other times.

The present invention also 'provides a tube for the partitioning and

separation of a pre-selected phase of a sample of liquid having a plurality of

phases of differing densities, said tube being a linear unitary tube having a
separation device located within the tube that separates the tube into at least two
chambers at opposed ends of the tube, said separation device slidably engaging
the interior surface of the tube in a fluid-tight manner and having an orifice
therethrough for fluid

S9/95G87962 PR A
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flow communication between the chambers, said orifice
having a flow-restriction channel, and said tube having
sealable openings at both of the opposed ends of the
tube.

In embodiments of the invention, the second chamber
is an incipient chamber that forms as the separation
device is moved along the tube.

C ON OF W

The invention will be described with particular

reference to the drawings in which:

Fig. 1 is a schematic representation of a cross-
sectional area of one embodiment of the tube;
and \

Fig. 2 is a schematic representation of a cross-
sectional area of another emhodiment of the
tube.

ILED DE ON

Referring to Fig. 1,'tube 10 (which may also be
known as or referred to as a vial) is shown as having a
first end cap 11 and a second end cap 12. As shown, the
end caps are of different construction. Tube 10 is a
single tube of subst;ntially constant diameter, and
constant cross-section, throughout a major portion of its
length. First end cap 11 is comprised of a plug 13
having recess 14. Plug 13 fits inside tube 10 and forms
a fluid and vacuum tight seal with the inner surface 15
of tube 10, so as teo form a fluid tight closure with tube
10. First end cap 1l also has rim 17 that fits tightly
onto the outside of tube 10. In addition, the exposed
end of first end cap 11 is shown as having a flat end,
which could be used to stand the tube in a vertical
position. 1In contrast, second end cap 12 is shown as
having a rounded exposed end. The shape of the end of
end caps 11 and 12 is not critical to the invention; the
presence of two opposed end caps is essential to the
invention, as discussed herein.
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Second end cap 12 is shown as having recess 16,
which is axially located in the end cap. In addition,
second end cap 12 has rims 18 which fit over the end of
tube 10 to form a fluid and gas tight seal therewith. It
will be appreciated that there are variations in the type
of end cap that may be used. 1In embodiments, the end cap
is accompanied by a stopper or plug, with the stopper or |
plug providing the fluid and gas tight seal and the end
cap being for protection and/or to retain the stopper or
plug in place.

The separation device in tube 10 is generally
indicated by 19. Separation device 19 divides the space

within tube 10 into first chamber 20 and second chamber
" 21; it is to be understood that in embodiments of the

invention, end cap 12 contacts and seats with separation
device 19 such that second chamber 21 is in effect an
incipient chamber which forms into chamber 21 on movement
of separation device 19 within tube 10. Separation
device 19 is comprised of separation shell 22 and plug
24. Separation shell 22 has a first shell recess 25
diéposed towards first chamber 20 and second shell recess
26 disposed towards second chamber 21; first shell recess
25 may contain a filter (not shown). Separation shell 19
also has first flange 27 and second flange 28, which in
the embodiment shown are non-planar curved surfaces that
extend to and are in sliding engagement with inner wall
15 of tube 10, and form for all practical purposes an
effective fluid tight seal therewith; flanges of other
shapes may be used. While two flanges are shown, and are
preferred, it is believed that at least one flange is
required. Plug 24 is located in second shell recess 26.
In the embodiment shown, the innexr surface 30 has a
convoluted path formed in the surface thereof which, in
conjunction with the surface of plug 24, forms a channel
(not shown} that is in fluid flow communication between
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opposite ends of plug 24. Separation shell 19 is shown
as having an axial orifice 22 for flow of fluid.

The space between first flange 27 and second flange
28 may be used for monitoring of the separation process.
While optical monitoring of the process is a preferred
method, other methods e.g. infrared and ultrasonic, may
be used.

Plug 24 would normally be made from an elastomeric
material with requirements with respect to a method of
operation described herein, during movement of the
separation device 19 within tube 10. End caps will
normally be relatively rigid plastic, depending on
whether penetration by needles is required. Plugs or

" stoppers may be rigid or elastomeric, including self-

sealing elastomeric, again depending on the particular
intended mode of operation. The self-sealing materials
referred to herein, especially with respect to the end
caps, are known in the art of blood collection tubes.

'Fig. 2 shows another embodiment of the tube. Tube
30 has a first end 31 and a second end 32. First end 31
is shown as having a recessed orifice 33 containing plug
34. Recessed orifice 33 is shown as being moulded as
part of first end 31, and is located on the longitudinal
axis of tube 30. First chamber 35 is located between
plug 34 and separation device 36. Separation device 36
is in sliding engagement with wall 37 of tube 30, and has
axial orifice 38 for flow of fluid from first chamber 35
to a second chamber. In the embodiment shown in Fig. 2,
the second chamber is an incipient chamber that forms on
movement of separation device 36 along tube 30 towards
first end 31, but the second chamber could exist at all
times. As shown, the incipient second chamber is located
between, and at the mating surface of, separation device
36 and end cap 39 in second end 32. End cap 39 has lips
40 that fit over the ocutside of tube 30 and hold end cap
39 in position, as well as end cap recess 41 vwhich is
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used during movement of the separation device and removal
of fluid from the tube. It will be noted that end cap 39
has a flat end, whereas second end cap 12 of Fig. 1 has a
rounded end; these shapes represent two embodiments of
the end caps that may be used.

Fig. 1 and Fig. 2 show two different types of end
caps adjacent to the first chamber viz. first end cap 11
and recessed orifice 33 with plug 34. It is to be
understood that other end caps may be used, including
grommets, the principal requirement being that the
resultant tube meet all physical, functional and
regulatory requirements for the intended use.

Embodiments of the separation device are described
in greater detail in the patent application of G.A. Adams
and R.P. Luoma filed concurrently herewith. 1In
particular, the convoluted path preferably has sections
that are generally in each of a radial direction, an
axial or longitudinal direction and circumferentially
oriented. It is preferred that the path have sections
with opposed directions of flow, and preferably such that
the longitudinal axis is substantially encircled, to
inhibit reverse flow in the channel; radially oriented
sections are believed to be less important with respect
to flow of fluid or inhibition thereof. In embodiments,
the flow restriction channel has an axial rotation of
i.e. encircles the longitudinal axis to an extent of, at
least 180 degrees and preferably at least 270 degrees.

In operation, a sample of liquid having phases of
differing densities, and especially at least two phases
of differing densities and optical characteristics e.g.
blood, is placed in the tube; the operation of the method
of the invention will generally be described herein with
reference to separation of blood into a cell fraction and
a non-cellular fraction. The blood is inserted into
first chamber 20. In the embodiment of Fig. 1, this may
be done by removing first end cap 11 and inserting the
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blood. However, for safety reasons, blood is normally
drawn directly into first chamber 20, as a conseguence of
having a vacuum inside first chamber 20, using a needle.
The separation device is particularly intended for
use in an axial centrifuge e.g. an axial centrifuge of
the type described in the aforementioned U.S. Patent
4 828 716. The separation device is rotated about its
longitudinal axis to effect phase separation. When
separation is complete, the high viscosity, concentrated,
clotted cells are located near the tube wall and the
lower viscosity non-cellular fraction e.g. serum (and any
air or other gases) are located closer to the
longitudinal axis. A probe then penetrates second end
cap 12 and contacts and is resisted by plug 24. Further
force by the probe causes the separation device to become
detached from second end cap 12 and to move along tube
11, thereby decreasing the volume of first chamber 20.
This decrease in volume results in the material located
on the longitudinal axis flowing through access channel
29, along the convoluted path located at the interface
between plug 24 and separation shell 19 and into second
chamber 21. Air or other gaseous matter is the first to
flow intc second chambet 21, followed by the non-cellular
fraction. An optical (or other) sensor is located
exterior to the tube and is able to monitor the
separation device as it moves along the tube. When blood
cells enter shell recess 26, the movement of the probe,
andrhence the separation device 19, ceases, and thus the
blood cells do not enter second chamber 21. The probe is
withdrawn while the tube is still being rotated about its
axis, with the result that the probe does not become
contaminated by the sample in the tube. Thus, it is
believed that the probe is capable of being used on a
subsequent sample without cross~contamination of samples.
A similar mode of operation is used for the
embodiment of Fig. 2.
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The tube is made of an optically transparent
material e.g. glass or Selar® polyamide, the latter of
which is manufactured by E.I., du Pont de Nemours and
Company of Wilmington, Delaware U.S.A. Other optically
transparent materials may be used, prime requirements
being acceptable transparency and sufficient strength to
withstand the forces applied in a centrifugation process.
In addition, the tube must be capable of retaining a
vacuum, a capability of retention of vacuum for a period
of about 2 years being preferred. Tubes or vials of
acceptable properties are known and used in the
collection and processing of blood. The separator shell
may be moulded from thermoplastic or other polymers, a

' prime requirement being that the polymer not have adverse

effects on the properties and characteristics of the
blood and the components thereof. The separation device
needs to be optically transparent, if optical means are
to be used for the monitoring and control of the method
of separation of the liquid into phases. Otherwise, a
material suitable for the pawxticular monitoring method is
required. In addition, the separation device needs to
provide an adequate fluid seal against the side of the
tube in which it is located, and be capable of being
fabricated into the shape of the separation device. An
example of a suitable material is polypropylene.

The material used in the fabrication of the plugs
will depend in particular on the mode of operation of the
process. In the method particularly described herein, a
probe exerts pressure on plug 24 in order to move the
separation device along the tube. Such pressure must not
cause blockage of passages used for flow of fluid from
the first chamber to the second chamber, and the material
selected for fabrication of the plug must take this
requirement into account. In addition, the material of
the plug must not adversely affect the fluid in the tube
or results of any tests or analyses conducted on that
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fluid or its components. Ethylene/vinyl acetate polymer
compositions have been found to be acceptable, including
Elvax® 250, 260, 450 and 550 polymer compositions
available from E.I. du Pont de Nemours and Company, but
other compositions will become apparent to persons
skilled in the art; it is believed that polypropylene{
polycarbonate and stainless steel could be used.

“ The end caps need to be made from a self-sealing
material, especially a self-sealing elastomeric material.
Examples of such materials are known in the art.

It is preferable that fluid not flow back from
second chamber 21 into first chamber 20 after the
centrifuging, eépecially axial centrifuging, of the tube
has ceased, but it is more important that fluid not
continue to flow, albeit intermittently, from first
chamber 20 into second chamber 21. In particular, it is
important that in-use handling, including shaking and
tipping of the tube, does not result in flow of fluid in
either direction, especially not flow of the cell
fraction from chamber 20 into chamber 21. Fluid flow
paths having such characteristics are known e.g. single
continuous channels, for example the convoluted path
described in the aforementioned application of G.A. Adams

and R.P. Luoma.

The double-ended separation tube of the present
invention has a minimal number of independent parts,
resulting in few critical mating surfaces and
connections, for improved consistency and reliability
from tube to tube. A particularly important aspect of
the invention is that the drawing of bdlood or other fluid
into the tube is physically separated from the removal of
samples from the tube. Thus, the blood is drawn into one
end of the tube and the samples are withdrawn from the
other end of the tube. This eliminates possible
contamination of the sample by blood as a result of
droplets of blood remaining in or on plugs or end caps,
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or the like, through which needles are passed during
drawing of blood; in the present invention drawing of
blood and withdrawal of samples occurs at the opposite
ends of the tube, thereby eliminating that source of
contamination. A practical tube accomplishing this
advantage is described herein, especially with respect to
axial centrifugation separation processes. Ancther
advantage, especially compared with the tube described in
the aforementioned application of G.A. Adams and R.P.
Luoma, is that the physical requirements imposed on the
plug, especially with respect to distortion of the plug
and blocking of fluid flow channels during movement of
the separation device using a probe, are significantly
reduced. Potential problems associated with passage of
needles through the plug during drawing of samples are
eliminated.

A filter may be used in first shell recess 25 to
filter fluid passing through that recess to the axial
orifice. For example, platelets could be filtered from
the blood fraction passing through the axial orifice.

It is understood that the tubes may contain
anticoagulants or clot activators, as is known in the
art.

Although the tube and separation device have been
described herein with reference to axial centrifugation,
at least some tubes and separation devices described
herein are alsoc capable of being used in conventional
centrifuges. It is to be understood, however, that the
separation device may not function in the manner

described herein even though the tube containing the

separation device is usable.
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The claims defining the invention are as follows:

1. A methad of partitioning a pre-selected phase of a sample of liquid having
a plurality of phases of differing densities, comprising the steps of:

(a) passing said sample of liquid through a first end of a linear unitary tube and
into a first chamber of said tube, said first chamber being located at the first end
of said tube and being separated from a second chamber located at a second
opposed end of the same tube by a separation device, said second chamber being
free of the liquid said separation device slidably engaging the interior surface of
the tube in a fluid-tight manner and having a flow-restriction orifice therein to
permit fluid flow communication between the first and second chambers under the
influence of force;

{b) ordering the phases of the sample within the tube by rotating the tube
about its longitudinal axis; and

(c) while the phases are ordered, reducing the volume of the first chamber by
applying force through the second end of the tube to cause maovement of the
separation device within the tube, such that one phase of the liquid in the first

chamber flows through the flow-restriction orifice as the volume of the first

chamber is reduced and into the second chamber, said phase in the second
chamber being removable therefrom through the second end of the tube.

2. . The method of Claim 1 in which the flow-restriction channel permits fiow
of liquid from the first chamber to the second chamber during step (c} but restricts

flow of liquid at other times,

3. The method of Ctaim' 1 or Claim 2 in which the flow-restriction channel! is

a single continuous channel.

4. The method of any one 6f Claims 1-3 in which the second chamber is an
incipienf chamber that forms as the separation device is moved along the tube.

5.  The method of any one of Claims 1-4 in which the flow-restriction channel

substantially encircles the longitudinal axis of the tube.
6. Thé method of any one of Claims 1-5 int which the flow-restriction orifice
has an axial rotation of at least of at least 180 degrees.
7. The method of any one of Claims 1-5 in which the flow-restriction orifice

~ has an axial rotation of at least of at least 270 degrees.

W ) SIS0S79E.5PE.12
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8. The method of any one of Claims 1-7 in which serum or plasma is
separated.

9. The method of any one of Claims 1-7 in which the sample of liquid has at
least two phases of differing density and optical characteristics.

10. A method of partitioning a pre-selected phase of a sample of liquid having

a plurality of phases of differing densities, substantially as herein described with
reference to the accompanying drawings.

DATED this 5th day of September 1995

Tebes? E.l. DU PONT DE NEMOURS AND COMPANY, and
‘<" GEORGE ALLEN ADAMS
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