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Apheresis Bowl with Improved Vibration Characteristics

Technical Field

[0001] The present invention relates to systems and method for blood apheresis, and
more particularly to reducing vibration and noise within blood component separation

devices.

Background Art

[0002] Apheresis is a procedure in which individual blood components can be
scparated and collected from whole blood temporarily withdrawn from a subject. Typically,
whole blood is withdrawn through a needle inserted into a vein of the subjects arm and into a
cell separator, such as a centrifugal bowl. Once the whole blood is separated into its various
components, one or more of the components can be removed from the centrifugal bowl. The
remaining components can be returned to the subject along with optional compensation fluid
to make up for the volume of the removed component. The process of drawing and returning
continucs until the quantity of the desired component has been collected, at which point the
process is stopped. A central featurc of apheresis systems 1s that the processed but unwanted
components are returned to the donor. Separated blood components may include, for
example, a high density component such as red blood cells, an intermediate density
component such as platelets or white blood cells, and a lower density component such as

plasma

Summary of the Invention

[0003] In accordance with some embodiments of the present mmvention, a centrifuge
bowl for separating whole blood into blood components includes a rotatable body, an inlet,
and a plurality of vibration reduction members. The rotatable body may include a body

portion and a neck portion. The body portion defines an interior for receiving whole blood
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and 1s rotatable to scparatc the whole blood into a plurality of blood components. The inlct
may be in fluid communication with the interior of the rotatable body, and configurcd to
introduce the whole blood into the rotatable body. The plurality of vibration reduction
members may be spaced (e.g., radially) about the neck portion, and may reduce vibration of
the centrifuge bowl as the bowl is rotated. The vibration reduction members may be rib
members and may be curved or straight.

[0004] The centrifuge bowl may also include an outlet that is in fluid communication
with the interior of the bowl. The outlet may be used to remove one or more of the blood
components from the centrifuge bowl. In order to allow the centrifuge bowl to rotate and
maintain a seal, the centrifuge bowl may also have a rotary seal attached to the rotatable
body, and coupling the inlet to the body portion. The centrifuge bowl may also include a core
that is coaxial with the interior. The core creates a whole blood separation region between the
outer wall of the core and the inner wall of the rotatable body.

[0005] In accordance with further embodiments, the centrifuge bowl may include a
shoulder portion extending between the neck portion and the body portion. In such
embodiments, the vibration reduction member(s) may be a thickened arca on the shoulder
portion. The thickened area may increase in thickness towards the axis of rotation of the
bowl. The increase in thickness may be stepped.

[0006] In accordance with additional embodiments, a blood processing system for
separating whole blood into blood components may include a venous access device for
drawing whole blood from a subject, a blood component separation device, means for
extracting one or more blood components from the separation device, at lcast one storage
container for storing the at least one blood component extracted from the blood component
separation device, and means for returning remaining blood components to the subject. The
blood component separation device separates the whole blood into the plurality of
components, and may include a centrifuge bowl.

[0007] The centrifuge bowl may have a body portion and a neck portion. The body
portion defines an interior for receiving the whole blood, and is rotatable to scparatc the
whole blood into the plurality of blood components. The neck portion has a plurality of
vibration reduction members that reduce vibration of the centrifuge bowl as the bowl is

rotated. The plurality of vibration reduction members may be radially spaced about the neck
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portion and may be straight and/or curved ribs members. The blood component separation
device may also include (1) an outlet that is in fluid communication with the interior of the
bowl and configured to remove one or more of the blood components from the centrifuge
bowl, (2) a rotary seal attached to the rotatable body and fluidly coupling the inlet to the
body portion, and/or (3) a core that is coaxial with the interior and creates a whole blood
separation region between the outer wall of the core and the inner wall of the rotatable body.

[0008] Additionally or alternatively, the vibration reduction members may be
thickened areas on a shoulder portion that extends between the neck portion and the body
portion. The thickened area(s) may increase in thickness and may be stepped. The centrifuge
bowl may also have an inlet in fluid communication with the interior.

[0009] In accordance with additional cmbodiments, a centrifuge bowl for separating
whole blood into blood components may include a rotatable body, an inlet, and at least one
vibration reduction member. The rotatable body may have a body portion, a shoulder portion,
and a neck portion. The body portion may define an interior for receiving whole blood, and
may be rotatable to separate the whole blobd into a plurality of blood components. The
shoulder portion may extend between the body portion and the neck portion.

[0010] The inlet may be in fluid communication with the interior of the rotatable
body, and may be configured to introduce the whole blood into the rotatable body. The at
least one vibration reduction member may be Jocated on the shoulder portion and may be
configured to stiffen at least a portion of the rotatable body and reduce vibration of the
centrifuge bowl as the bowl is rotated. The at least one vibration reduction member may
include a plurality of rib members (e.g., curved rib members or straight rib members).
Additionally or alternatively, the at least one vibration reduction member may include a
thickened are located on the shoulder portion. The thickened area may increase in thickness

towards an axis of rotation of the bowl. The increase in thickness may be stepped.

Brief Description of the Drawings

[0011] The foregoing features of the invention will be more readily understood by
reference to the following detailed description, taken with reference to the accompanying

drawings, in which:

(V8]
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[0012] Fig. 1 shows a schematic diagram of an apheresis system in accordance with
embodiments of the present invention;

[0013] Fig. 2 schematically shows a side view of a blood component separate device
for use with the apheresis system of Fig. 1, in accordance with embodiments of the present
mvention;

[0014] Fig. 3 schematically shows the propagation of vibration through the blood
component separation device of Fig. 2 as it rotates, in accordance with embodiments of the
present invention;

[0015] Fig. 4A schematically shows a side view of a centrifuge bow! with a portion
in cross-section and having vibration reduction members, iﬁ accordance with embodiments
of the present invention;

[0016] Fig. 4B schematically shows a side view of a centrifuge bowl without a rotart
seal and having vibration reduction members, in accordance with embodiments of the present
invention;

[0017] Fig. 4C schematically shows a top view of the centrifuge bow! shown in Fig.
4B, in accordance with embodiments of the present invention;

[0018] Fig. 4D schematically shows a perspective view of the centrifuge bow! shown
in Fig. 4B, in accordance with embodiments of the present invention;

[0019] Figs. 4E through 4H schematically show perspective views of a centrifuge
bowl having varying numbers of the vibration reduction members shown in Fig. 4A, in
accordance with further embodiments of the present invention;

[0020] Fig. 5A schematically shows a perspective view of a centrifuge bowl having
alternative vibration reduction members, in accordance with embodiments of the present
mvention;

[0021] Figs. 5B through SF schematically show perspective views of a centrifuge
bowl having varying numbers of the alternative vibration reduction members shown in Fig.
5A, in accordance with further embodiments of the present invention;

[0022] Figs. 6A through 6D schematically show a portion of a centrifuge bowl
having a third type of vibration reduction member, in accordance with additional

cmbodiments of the present invention.
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Detailed Description of Specific Embodiments

[0023] 1lustrative embodiments of the present invention provide a system, and blood
component separation device for performing a blood apheresis procedurc. Additionally,
various embodiments of the present invention reduce the vibration and noisc scen in some
prior art separation devices. For example, embodiments of the present invention may include
.one or more vibration reduction members. Details of illustrative embodiments are discussed
below.

[0024] As shown in Figures 1 and 2, and as mentioned above, an apheresis system
10, in accordance with ecmbodiments of the present invention, withdraws whole blood from a
subject through a venous access device 24 using a withdraw pump P1. The venous access
device 24 can be any number of devices capable of accessing a subject’s veins including, but
not limited to a phlebotomy needle. As the system 10 withdraws the whole blood from the
subject, the blood passes through a draw/return line 28 and enters a blood component
separation device 11, such as a Latham type centrifuge. The blood component separation
device 11 scparates the whole blood into its constituent components (c.g., red blood cclls,
white blood cell, plasma, and platelets). Although a Latham type centrifuge is mentioned
above, other types of separation chambers and devices may be used, such as, without -
limitation, an integral blow-molded centrifuge bowl, as described in U.S. Patent Nos.
4,983,156 and 4,943,273, which are hereby incorporated by reference.

[0025] As the system 10 withdraws the whole blood from the subject, the system 10
may introducc anticoagulant into the withdrawn wholc blood to prevent the blood from
coagulating within the lines or within the blood component separation device 11. To that end,
the system 10 may include an anticoagulant line 32 fluidly connected to an anticoagulant
source 16 (c.g., a bag of anticoagulant) at one end, and the venous-access device 24 (or the
draw/return line 28 via a y-connector 30) at the other end. An anti-coagulant pump P3,
through which the anticoagulant line 32 passes, may control the flow of anticoagulant within
the anti-coagulant linc 32 and thc amount of anticoagulant introduccd into the wholc blood.
Although the anticoagulant can be added to the whole blood at any point, it 1s preferred that
the anticoagulant be introduced as close as possible to the venous-access device 24.

[0026] The anticoagulant line 32 may also include a bacteria filter F2 that prevents

any bacteria in the anticoagulant source 16, the anticoagulant, or the anticoagulant line 32
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from cntering the system 10 and/or the subject. Additionally, the anticoagulant linc 32 may
include an air detector D3 that detects the presence of air within the anticoagulant. The
presence of air bubbles within any of the system 10 lines can be problematic for the
operation the system 10 and may also be harmful to the subject if the air bubbles enter the
blood stream. Therefore, the air detector D3 may be connected to an interlock that stops the
flow within the anticoagulant line 32 in the event that an air bubble is detected (e.g., by
stopping the anticoagulant pump P3 or closing a valve on the anticoagulant line 32), thereby
preventing the air bubbles from entering the subject.

[0027] Once a desired amount of anti-coagulated whole blood is withdrawn from the
subject and contained within the blood component separation device 11, the blood
component separation device 11 separates the whole blood into several blood components.
For example, the blood component separation device 11 may separate the whole blood into a
first, second, third, and, perhaps, fourth blood component. More specifically, the blood
component separation device 150 can separate the whole blood into plasma, platelets, red
blood cells, and, perhaps, white blood cells.

[0028] As shown in Figure 2, when a Latham centrifuge is used, the blood
component separation device 11 includes a rotatable bow] 12 and stationary input and output
ports PT1 and PT?2 fluidly coupled to the bowl interior by a rotary seal 74. The rotatable
bowl may include a neck portion 110 coupled to the rotary seal 74, and a body portion 120
that defines the interior volume of the separation device (e.g, the interior volume of the
rotatable bowl 12). The bowl 12 (e.g., the body portion 120) may have a frustoconical shape.
The rotatable bowl 12 may also include a shoulder portion 130 extending between and
connecting the neck portion 110 and the body portion 120.

[0029] Additionally, some embodiments may have a core 72 that occupies a volume
coaxial with the interior of bowl 12 and provides a separation region between the wall of the
core 72 and the outer bowl wall 70. The draw/return line 28 fluidly connects the venous
access devices 24 (e.g., the phlebotomy needle) and the input port PTI. In some
embodiments, the venous access device 24 may be replaced with a whole blood bag (not
shown) in case the whole blood is to be first pooled and then supplied. In such
cmbodiments, the draw linc 28 will fluidly conncct the whole blood bag with the input port

PTI.
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[0030] As mentioned above, the blood component scparation device 11 scparates the
whole blood into its constituent components. In particular, as the bowl 12 rotates, centrifugal
forces separate the anticoagulated whole blood admitted into the bottom of the bow! into red
blood cells (RBC), white blood cells (WBC), platelets and plasma. The number of rotations
of the bowl 12 can be selected, for example, within a range of 4,000 to 6,000 rpm, and is
typically 4,800 rpm. The blood is separated into different fractions in accordance with the
component densitics. The higher density component, i.e., RBC 60, 1s forced to the outer wall
70 of the bowl! 12 while the lower density plasma 66 lies nearer the core 72. A buffy coat 61
is formed between the plasma 66 and the RBC 60. The buffy coat 61 is made up of an inner
layer of platelets 64, a transitional layer 68 ofplateleté and WBC and an outer layer of WBC
62. The plasma 66 is the component closest to the outlet port from the separation region and
is the first fluid component displaced from the bowl 12 via the outlet port PT2 as additional
anticoagulated whole blood enters the bowl 12 through the inlet port PT1.

[0031] The system 10 may also include an optical sensor 21 that may be applied to a
shoulder portion of the bowl 12. The optical sensor 21 monitors each layer of the blood
components as they gradually and coaxially advance toward the core 72 from the outer wall
70 of the bow! 12. The optical sensor 21 may be mounted in a position at which it can detect
the buffy coat reaching a particular radius, and the steps of drawing the whole blood from the
subject/donor and mtroducing the whole blood into the bowl 12 may be terminated in
response to the detection.

10032] Once the blood component separation device 11 has separated the blood into
the various components, onc or more of the components can be removed from the blood
component separation device 1. For instance, the plasma may be removed to a plasma bag
18 through line 37 (Fig. 1) or a waste bag (not shown). Alternatively, the plasma may be
removed to a plasma reservoir (not shown) located on the draw/return line 28, or the white
blood cells (WBC) may be removed to one or more white blood cell bags 22 via line 35.
Some embodiments of the system 10 may include a weight sensor 33 that measures the
amount plasma collected. Although not shown, the platelet bag 20 and the white blood ccll
bag 22 may include similar weight sensors. The removed plasma may be later reintroduced

into the blood component scparation device 11 via line 40 and recirculation pump P2 at an
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increasing rate to extract and send the platelets to a platclet bag 20 via line 39. This process
is known as surge elutriation.

[0033] In some embodiments, the system 10 may also include a line scnsor 14 that
can determine the type of fluid (e.g., plasma, platelets, red blood cells etc.) exiting the blood
component separation device. In particular, the line sensor 14 consists of an LED which
emits light through the blood components leaving the bow!l 12 and a photo detector which
receives the light after it passes through the components. The amount of light received by
the photo detector is correlated to the density of the fluid passing through the line. For
example, if plasma is exiting the bowl 12, the line Sensor 14 will be able to detect when the
plasma exiting the bowl 12 becomes'cloudy with platelets {c.g., the fluid existing the bowl 12
1s changing from plasma to platelets). The system 10 may then use this information to either
stop the removal of blood components from the bowl 12 or redirect the flow by, for example,
closing valve V2 and opening valve V3.

[0034] Once the system removes the desired components from the blood component
scparation device 11, the system 10 can return the remaining components to the subject. The
system may use the draw/return pump P1 to return the components to the subject via the
draw/return line 28, which, as mentioned above, fluidly connects the blood component
separation device 11 and the venous-access device 24. Alternatively, if the system 11 is so
equipped, the system may return the components to the subject via a dedicated rcturn line.
Like the anticoagulant line 32 and the draw/return line 28, the dedicated return line may also
have a dedicated return pump that controls the direction, rate, and duration of the fluid flow
within the return line. In such embodiments, the return hine also fluidly connects to the
venous-access device 24, preferably at a point between the return pump and the venous-
access device 24. Additionally, in such embodiments, the system 10 will also have a
dedicated draw line and draw pump. In some embodiments, the system 10 may include an
interfock fhat stops the withdrawal of whole blood from the subject when the system is
returning the first blood component to the subject.

[0035] As shown in Figure | and as mentioned briefly above, the system 10 can have
a plurality of valves located through-out the system to control the flow of fluid within the
system 10. For cxample, draw/rcturn linc 28 may contain a valve V1 that allows flow

through the lines when open and prevents flow when closed. Additionally, the hincs 35, 37
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and 39 lcading to the whitc blood ccll, plasma and platclet bags, respectively may have at
least one valve V2, V3, V4, and V5 (e.g., linc 37 has a valve V2 at the inlet of the plasma
bag 18 and a valve V5 at the outlet of the plasma bag 18, and line 39 has a valve V3 at the
inlet of the platelet bag 20). Additionally, the inlet to the blood component separation device
11 may have valves (not shown) that cither allow or prevent flow to or from the blood
component separation device 11. Any of the above mentioned valves can be either manual or
automatic. In other words, the valves may be manually operated by the user/technician or can
be automatically operated, for example, by a controller, when a particular condition is met
(e.g., closing valve VI when air is detected in the draw/return line 28, as discussed below).

[0036] Like the anticoagulant line 32, the draw/return line 28 can also include a
number of sensors, filters, and detectors to ensure the safety of the subject and an optimized
system operation. In particular, as shown in Figure 1, the draw/return line 28 may include air
detectors D1 and D2 to detect the presence (or absence) of air within the line 28. The air
detectors D1 and D2 can be connected to an interlock that, when the detectors D1 and D2
detect air, stops flow within the draw/return line 28 (e.g., by stopping the draw/return pump
P1 or closing valve V1). Additionally, the draw line 28 can include a blood filter F1 that
removes any bacteria, contamination, or particulates that may be present in the withdrawn
blood or the returning components.

[0037] In operation, when the separation device 1 1/centrifuge bowl 12 is spinning to
separate the whole blood into its individual components, various components within the
centrifuge bowl 12 may cause the centrifuge bowl 12 to vibrate. For example, the centrifuge
bowl may include two or more rings (¢.g., a carbon ring 112 and a ceramics ring 114, Fig.
4A) within the neck portion 110 (e.g., within the rotary scal 74) of the bowl 12. As the
centrifuge bowl 12 rotates, the friction between the contact surfaces of the rings 112/114 may
prevent the rings 112/114 from sliding smoothly against one another. In such cases, the
sliding surface of one ring (c.g., the carbon ring 112) may repeatedly stick and ship against
the surface of the other ring (e.g., the ceramics ring 114). This “stick and slip” phenomenon
may, in turn, generate vibrations within the neck portion 110 of the centrifuge bowl 12.

[0038] As shown in Figure 3, the vibration created by the “stick and slip”
phenomenon described above may propagate from the neck portion 110, through the

shoulder portion 130, and to the body portion 120. When the vibration reaches the body
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portion 120, the vibrational and acoustic characteristics of the body portion 120 causc it to
emit an audible noise. As onc would cxpect, the audible noise may be disruptive to the
subject and operator. Additionally, any vibration may indicate instability within the system,
reduce system cfficiency, and impact the overall performance of the system.

10039] In order to reduce and/or remove the vibration and audible noise described
abbvc, some embodiments of the present invention may include one or more vibration
reduction members on the bowl 12. As discussed in greater detail below, these vibration
reduction members strengthen and stiffen the neck portion 110 of the bowl 12 which, in turn,
reduces the system vibration and reduces/eliminates the noise emitted from the body portion
120.

[0040] In one cmbodiment of the present invention and as shown in Figures 4A
through 4H, the vibration reduction members may be a plurality of ribs 140 spaced about the
bowl 12 and extending between the neck portion 110 and the shoulder 130. The ribs 140
stiffen the neck portion of the bowl 12 and effectively increase the natural vibration
frequency of the neck portion 110 without also increasing the natural vibration frequency of
the body portion 120.

[0041] It is important to notc that, by increasing the natural vibration frequency of the
neck portion 110 (e.g., by stiffening the neck portion 110 with the ribs 140), the natural
frequency of the neck portion 110 is shifted away from the frequency of the vibration created
by the sticking and slipping of the sliding surfaces of the rings discussed above. By shifting
the natural frequency of the neck portion 110, the amplitude of the vibrations within the neck
portion 110 will decreasc because there will no longer be resonance (e.g., the vibrations
caused by the “stick and slip” phenomenon will no longer be at the natural
vibratation/resonance frequency of the neck portion 110).

[0042] As mentioned above, the vibrations within the neck portion 110 propagate to
the body portion 120 causing the body portion 120 to vibrate and emit an audible noise.
However, by reducing the amplitude of the vibrations within the neck portion 110, the
vibration propagating to the body portion 120 will similarly be reduced such that it is below
the resonance frequency (e.g., the natural vibration frequency) of the body portion 120. By

reducing the vibration that 1s propagated to the body portion 120 (c.g., below the resonance
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frequency of the body portion 120), the noisc emitted by the body portion 120 will be greatly
reduced and/or eliminated.

|0043] Although Figures 4A through 4D show eight, straight ribs spaced about the
diameter of the bowl 12 (e.g., on the neck portion 110), as shown in Figurcs 4E-4H, the bowl
12 may include more or less than eight rib members. For example, the bowl may include
fewer than eight rib members 140 (e.g., 7 rib members 140 as shown in Figure 4E) or greater
than eight rib members 140 (e.g., 9 rib members 140 shown in Figure 4G or 16 rib members
140 as shown in Figure 4H).

[0044] Furthermore, the rib members need not be straight and may have alternative
configurations and/or shapes. For example, as shown in Figures SA through SF, some
embodiments of the present invention may inctude curved rib members 150 spaced about the
neck portion 110 and extending from the neck portion 110 to the shoulder portion 130. Like
the straight rib members 140, the curved rib members 150 also strengthen and stiffen the
neck portion 110 to reduce and/or eliminate the vibration/noise (e.g., by increasing the
natural vibration frequency of the neck portion 110). Additionally, also like the straight rib
members 140, embodiments having the curved rib members 150 may include any number of
the curved ribs 150. For example, the bowl 12 may include 8 rib members 150 (Figures 5A,
5C, 5D), less than eight rib members 150 (Figure 5B) or more than cight rib members 150
(Figures 5E and 5F).

[0045] Although the vibration reduction members are discussed above as being ribs
(e.g., straight ribs 140 or curved ribs 150), in other embodiments, the vibration reduction
members may be areas of increased thickness on the shoulder 130 of the bowl 12, Figurcs
6A-D. For example, the vibration reduction members may be a single arca of increased
thickness 160 (e.g, as shown in Figure 6A) or may be an arca of increasing thickness. In
embodiments having an area of increasing thickness, the thickness may increase gradually or
it may incrcasc over one or more steps 160/162/164/166 (¢.g., as shown in Figures 6B-6D).
Like the straight and curved ribs 140/150-discussed above, the thickened areas
160/162/164/166 increase the strength and rigidity of the neck portion 110 to increcase the
natural vibrational frequency of the neck 110 and decrease/eliminate vibration and/or

vibration propagation to the body portion 120.
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[0046] It is important to notc that carc must be taken to balance the bencfits of the
increased strength and rigidity provided by the vibration reduction members (e.g., the ribs
140/150 and/or the thickened area 160) against the additional weight that the vibration
reduction members add to the centrifuge bowl 12. In particular, as the weight of the
centrifuge bowl 12 increases, the natural vibration frequency of the body portion 120 may
change. As the natural vibration frequency of the body portion 120 changes, the
vibration/noise reduction benefits of vibration reduction members (e.g., the increased
strength and rigidity of the neck portion) may be diminished. For example, if the natural
vibrational frequency of the body portion 120 is altered such that it coincides with frequency
of the reduced vibrations propagated to the body portion 120 (e.g., the vibrations arc at the
new resonance frequency of the body portion 120), the body portion 120 may then still
vibrate significantly and emit an audible noise. Therefore, the thickness of the ribs members
140/150 and the thickened areas 160 on the neck portion 110 must be such that they do not
increase the weight of the centrifuge device enough to significantly alter/increase the natural
vibrational frequency of the body portion 120.

[0047] The embodiments of the mvention described above are intended to be merely
exemplary; numerous variations and modifications will be apparent to those skilled in the art.
All such variations and modifications are intended to be within the scope of the present

invention as defined in any appended claims.



Claims

1. A centrifuge bowl for separating whole blood into blood components comprising:

a rotatable body having a body portion and a neck portion, the body portion defining
an interior for receiving whole blood, the body being rotatable to separate the whole blood
into a plurality of blood components;

an inlet in fluid communication with the interior of the rotatable body, the inlet
configured to introduce the whole blood into the rotatable body; and

a plurality of vibration reduction members spaced about the neck portion, the
vibration reduction members configured to strengthen the rigidity of the neck portion and

reduce vibration of the centrifuge bowl as the bowl is rotated.

2. A centrifuge bowl according to claim 1, wherein the plurality of vibration reduction

members are radially spaced about the neck portion.

3. A centrifuge bow] according to claim 1, wherein the plurality of vibration reduction

members are rib members.

4. A centrifuge bowl according to claim 3, wherein the rib members are curved.

5. A centrifuge bowl according to claim 3, wherein the rib members are straight.

6. A centrifuge bowl according to claim | further comprising an outlet, the outlet in fluid
communication with the interior of the bowl and configured to remove one or more of the

blood components from the centrifuge bowl.

7. A centrifuge bowl according to claim 1 further comprising a rotary seal attached to the

rotatable body, the rotary seal fluidly coupling the inlet to the body portion.



8. A centrifuge bowl according to claim | further comprising a core, the core being coaxial
with the interior and creating a whole blood separation region between an outer wall of the

core and an inner wall of the rotatable body.

9. A centrifuge bowl according to claim 1 further comprising a shoulder portion extending
between the neck portion and the body portion, the vibration reduction members extending

from the neck portion to the shoulder portion.
10. A centrifuge bowl according to claim 1, wherein the rotatable body is frustoconical.

1. A blood processing system for separating whole blood into blood components
comprising:

a venous access device for drawing whole blood from a subject;

a blood component separation device for separating whole blood into a plurality of
components, the blood component separation device including a centrifuge bowl having a
body portion and a neck portion, the body portion defining an interior for receiving the whole
blood, the body being rotatable to separate the whole blood into the plurality of blood
components, the neck portion having a plurality of vibration reduction members configured
to strengthen the rigidity of the neck portion and reduce vibration of the centrifuge bowl as
the bowl is rotated, the centrifuge bowl having an inlet in fluid communication with the
interior;

means for extracting at least one blood component from the separation device;

at least one storage container for storing the at least one blood component extracted
from the blood component separation device; and

means for returning remaining blood components to the subject.

12. A blood processing system according to claim 11, wherein the plurality of vibration

reduction members are radially spaced about the neck portion.



13. A blood processing system according to claim 11, wherein the plurality of vibration

reduction members are rib members.
14. A blood processing system according to claim 13, wherein the rib members are curved.
15. A blood processing system according to claim 13, wherein the rib members are straight.

16. A blood processing system according to claim 11, wherein the blood component
separation device further includes an outlet, the outlet in fluid communication with the

interior of the bowl and configured to remove one or more of the blood components from the

centrifuge bowl.

17. A blood processing system according to claim 11 wherein the blood component
separation device further includes a rotary seal attached to the rotatable body, the rotary seal

fluidly coupling the inlet to the body portion.

18. A blood processing system according to claim 11 wherein the blood component
separation device further includes a core, the core being coaxial with the interior and creating

a whole blood separation region between an outer wall of the core and an inner wall of the

rotatable body.

19. A blood processing system according to claim 11 further comprising a shoulder portion
extending between the neck portion and the body portion the vibration reduction members

extending from the neck portion to the shoulder portion.

20. A blood processing system according to claim 11, wherein the centrifuge bowl is

frustoconical.

21. A centrifuge bowl for separating whole blood into blood components comprising:



a rotatable body having a body portion and a neck portion, the body portion defining
an interior for receiving whole blood, the body being rotatable to separate the whole blood
into a plurality of blood components, the body portion also having a shoulder portion
extending between the body portion and the neck portion;

an inlet in fluid communication with the interior of the rotatable body, the inlet
configured to introduce the whole blood into the rotatable body; and

at least one vibration reduction member located on the shoulder portion and
configured to stiffen at least a portion of the rotatable body and reduce vibration of the

centrifuge bowl as the bowl is rotated.

22. A centrifuge bowl according to claim 21 wherein the at least one vibration reduction

member includes a plurality of rib members.

23. A centrifuge bowl according to claim 22, wherein the rib members are curved.

24. A centrifuge bowl according to claim 22, wherein the rib members are straight.

25. A centrifuge bowl according to claim 22, wherein the at least one vibration reduction

member includes a thickened area located on the shoulder portion.

26. A centrifuge bowl according to claim 25, wherein the thickened area increases in

thickness towards an axis of rotation of the bowl.

27. A centrifuge bowl according to claim 26, wherein the increase in thickness is stepped.

28. A centrifuge bowl according to claim 21, wherein the rotatable body is frustoconical.



29. A centrifuge bowl according to claim 21, wherein the at least one vibration reduction
member increases the natural vibration frequency of the rotatable body, thereby reducing

vibration of the centrifuge bowl as the bowl is rotated.

30. A centrifuge bowl according to claim 1, wherein the plurality of vibration reduction
members increase the natural vibration frequency of the neck portion, thereby reducing

vibration of the centrifuge bowl as the bowl is rotated.

31. A blood processing system according to claim 11, wherein the plurality of vibration
reduction members increase the natural vibration frequency of the neck portion, thereby

reducing vibration of the centrifuge bowl as the bowl is rotated.



