METHOD FOR COLLECTING A DESIRED BLOOD COMPONENT AND
PERFORMING A PHOTOPHERESIS TREATMENT

Cross-Reference to Related Applications

[0001] This application is a continuation-in-part application of United States Patent
Application 10/375,628, filed February 27, 2003, which claims the benefit of United States
Provisional Application, Serial Number 60/361,287, filed March 4, 2002, both of which are

hereby incorporated by reference in their entireties.

Technical Field of the Invention

[0002] The present invention relates generally to methods for separating whole blood into
blood components and collecting a desired blood component, and specifically to methods of

treating diseases with a photopheresis treatment.

Background of the Invention
[0003] Several treatments for disease require the removal of blood from a patient, processing

the one or more components of the blood, and return of the processed components for a
therapeutic effect. Those extracorporeal treatments require systems for safely removing
blood from the patient, separating it into components, and returning the blood or blood
components to the patient. With the advance of medical sciences, it has become possible to
treat a patient’s blood in closed-loap processes, returning the patient’s own treated blood
back to him in one medical treatment. An example of such processes include externat
treatment methods for diseases in which there is a pathological increase of lymphocytes, such
as cutaneous T-cell lymphoma or other diseases affecting'white blood cells. In such methods,
the patient's blood is irradiated with ultraviolet light in the presence of a chemical or an
antibody. Ultraviolet light affects the bonding between the lymphocytes and the chemical or
antibody that inhibits the metabolic processes of the lymphocytes.

[0004] Photopheresis systems and methods have been proposed and used which involve
separation of buffy coat from the blood, addition of a photoactivatable drug, and UV
irradiation of the buffy coat before re-infusion to the patient. Extracorporeal photopheresis
may be utilized to treat numerous diseases including Graft-versus-Host disease, Rhenmatoid
Arthritis, Progressive Systematic Sclerosis, Juvenile Onset Diabetes, Inflammatory Bowel
Disease and other diseases that are thought to be T-cell or white blood cell mediated,
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" including cancer. Apheresis systems and methods have also been proposed and used which
involve separation of blood into various components.

[0005] During one of these medical treatments, a centrifuge bowl, such as, for example, a
Latham bowl, as shown in U.S. Patent No. 4,303,193, expressly incorporated by reference in
jis entirety herein, is operated to separate whole blood into red blood cells (“RBCs”), plasma,
and buffy coat. The Latham bowl is a blood component separator that has been used for

some time in the medical apheresis market as well as in innovative medical therapies such as
extracorporeal photopheresis (ECP). PCT Applications WO 97/36581 and WQ 97/36634,
and U.S. Patent Nos. 4,321,919; 4,398,906, 4,428,744; and 4,464,166 provide descriptions of
extracorporeal photopheresis, and are hereby expressly incorporated by reference in their
entirety.

[0006] Latham bow] efficiency is often measured by the white blood cell (“WBC”) “yield,”
which is typically about 50%. Yield is defined as the percentage of cells collected versus the
number processed. When compared to other types of whole blood separators, this high vield
enables the Latham bowl separator to collect much Jarger volumes of WBCs while processing
much less whole blood from the donor patient. However, a major drawback to the Latham
bow] separator is that the separation process must be repeatedly stopped to remove the
packed RBCs and plasma once they fill the inside of the bowl, creating a “batch-type”
treatment process. Although the Latham bowl separator has a high volume yield, the constant
filling and emptying of this bow] wastes time; thus, the process is considered less efficient
with respect to time.

[0607] Prior photopheresis and apheresis systems and methods usually require batch
processes and therefore take several hours to treat a patient or to obtain a sufficient supply of
separated blood fragments. Furthermore, the systems are very complex to manufacture. It is
a constant objective to reduce the time it takes to perform a complete photopheresis treatment
session. Another objective is to reduce the amount of blood that must be drawn form a
patient and processed in closed-loop processes per photopheresis treatment session. Yet
another objective to increase the amount of white blood cell yield or obtain a cleaner cut of

buffy coat per volume of whole blood processed.

Disclosure of the Invention
[0008) An object of the present invention is to provide an improved method for separating a

fluid, such as blood or other biological fluid, into its components. An additional object is to



increase the efficiency of current fluid separation processes by decreasing the time necessary
to separate out a desired amount of a fluid component from the fluid. Yet other objects of the
present invention are to treat a patient more efficiently, to improve a photopheresis process,

or to improve a platelet removal process. An additional object of the present invention is to
separate and remove targeted cells by their specific gravity. Another object of the present
invention is to eliminate the need to perform fluid separation processes in “batch” form. A
still further object of the present invention is to increase the percent yield of a desired fluid
component from a fluid being separated.

[6009] The present invention solves the inadequacies of the prior art by being able to
continuously separate fluid components without interrupting the process to empty a
centrifuge bowl and remove a separated component. Thus, the present invention eliminates
batch processing and other Latham bowl batch-type techniques. These abjects and others are
met by the present invention which is directed at improving the methods for separating whole
blood into its components and collecting a desired blood component. Depending on the
intended treatment, the desired blood component may be buffy coat, red blood cells, plasma,
or any component thereof. The present invention is also directed at improving existing
methods of treating diseases using photopheresis therapies. Specifically, the present
invention provides a continuous process for whole blood separation of sufficient fragment for
photopheresis treatment so as to greatly reduce the photopheresis treatment time for a patient.
[0010] When it is desired to collect buffy coat from whole blood, the invention in one aspect
is a method comprising: providing a separator having an inlet, a first outlet, and a second
outlet; drawing whole blood from a source; adding an anticoagulant fluid to the whole blood
in a predetermined ratio to form a mixture of whole blood and anticoagulant fluid; pumping
the mixture of whole blood and anticoagulant fluid into the separator via the inlet at a
selected inlet rate; separating the mixture into blood components of different densities;
withdrawing plasma and red blood cells from the separator while continuing to pump the
mixture of whole blood and anticoagulant fluid into the separator, the plasma and red blood
cells being withdrawn at rates so as to build up buffy coat in the separator, the plasma being
withdrawn via the first outlet and the red blood cells being withdrawn via the second outlet;
and upon a predetermined amount of buffy coat building up in the separator, collecting the
buffy coat from the separator,

[0011] By withdrawing the red blood cells and the plasma at rates so that the buffy coat is
allowed to build up within the separator, which is preferably a centrifuge bowl, the buffy coat
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" is subjected to the centrifugal force of the separator for a prolonged period of time.
Increasing the time which the buffy coat is subjected to centrifugal force yields a cleaner
fraction of buffy coat and an increased white blood cell yield. Additionally, this prolonged
exposure can be used to further separate the buffy coat into its constituent parts, including
platelets and various kinds of leukocytes.

[0012] When pumping the mixture of whole blood and anticoagulant fluid into the separator,
it is preferred that the mixture pass through, and be routed by, a cassette for controlling fluid
flow. It is further preferable that the buffy coat be collected from the separator by
discontinuing the withdrawal of red blood cells from the second outlet, thereby causing the
red blood cells to push the buffy coat out of the separator via the first outlet as whole blood
continues to enter the separator. The withdrawn buffy coat can be collected in a treatment
bag that is fluidly connected to the separator via an outlet line. In this embodiment, the
collection of buffy coat is preferably discontinued when red blood cells are detected in the
outlet line. This will minimize red blood cells from being mixed with the desired buffy coat.
[0013] In performing this method, it is also preferable that only the plasma be withdrawn
from the separator until a predetermined amount of red blood cells are detected in the
separator. Then, upon the predetermined amount of red blood cells being detected in the
separator, the red blood cells will be drawn from the separator at a rate so as to maintain the
amount of red blood cells present in the separator at approximately the predetermined
amount. The predetermined amount of red blood cells can be detected using a hematocrit
sensor that can detect a red cell line within the centrifuge bowl itself.

[0014] When the method is being used in a closed loop process where the source of the
whole blood is a patient, it is important to return fluids back to the patient during processing.
In order to achieve this, it is preferable that the withdrawn plasma be collected in a plasma
storage bag, mixed with a priming fluid, and returned to the patient when a selected amount
of plasma is collected in the plasma storage bag. It is further preferable to mix the withdrawn
red blood cells with the plasma and priming fluid mixture from the plasma collection bag and
returning the red blood cell-plasma-priming fluid mixture to the patient at a rate
approximately equal to the inlet rate.

[0015] This method can be used in connection with photopheresis treatment. In a
photopheresis treatment, the method will further comprise injecting a photoactivation
chemical into the collected buffy coat, and irradiating the collected buffy coat within an
irradiation chamber unti] a predetermined amount of energy has been transferred to the
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collected buffy coat. In order to ensure that a proper amount of energy is transferred to the
buffy coat, for example to induce apoptosis, it is preferable to recirculate the collected buffy
coat between a treatment bag and the irradiation chamber. Before the irradiated buffy coat is
retumed to the patient undergoing the photopheresis therapy, the irradiated buffy coat should
pass through a filter. Using this method, enough buffy coat can be collected and irradiated to
perform a full photopheresis treatment in less than about 70 minutes. More preferably, the
overall treatment time is less than about 45 minutes.

[0016]) It may also be desired to collect the red blood cells from the separator for other types
of treatments. Because the red blood cells can be subjected to prolonged centrifugal force,
the current method provides a very packed amount of red cells. These red blood cells can be
withdrawn and collected for further use, such as in apheresis therapy.

[0017} In yet another aspect, the invention is a method of performing a photopheresis
treatment for ameliorating diseases. This method comprises: drawing whole blood from a
source; adding an anticoagulant fluid to the whole blood in a predetermined ratio to form a
mixture of the whole blood and the anticoagulant fluid; separating the mixture of whole blood
and anticoagulant into a plurality of blood components according to density; mixing a
photoactivation chemical with at least one the blood components to form a mixture of the
photoactivation chemical and the at least one blood component; irradiating the combination
of the at least one blood component and photoactivation chemical; and retuming the
irradiated combination to a patient; wherein the entire photopheresis treatment is completed
in less about than 70 minutes. More preferably, the entire photopheresis treatment is
completed in less about than 45 minutes. This is a vast improvement over previous
photopheresis treatments which usually required a treatment time of two hours or more.
[0018] In this aspect of the invention, the at least one blood component can be buffy coat, a
leukocyte, or platelets. Buffy coat is preferred. In performing the photopheresis treatment,
the mixture of whole blood and anticoagulant fluid is preferably pumped into a separator
having an inlet, a first outlet, and a second outlet. Because buffy coat is the desired blood
component in a photopheresis therapy session, plasma and red blood cells are withdrawn
from the separator while continuing to pump the mixture of whole blood and anticoagulant
fluid into the separator. The plasma and red blood cells are preferably withdrawn at rates so
as to build up buffy coat in the separator, allowing the buffy coat to be exposed to prolonged

centrifugal forces. The plasma is withdrawn via the first outlet and the red blood cells being



~ withdrawn via the second outlet. Buffy coat is preferably collected from the separator for
irradiation only after a predetermined amount of buffy coat builds up therein.
[0019] The separated buffy coat is preferably collected from the separator through an outlet
line that is fluidly connected to a treatment bag. The buffy coat can be collected from the
separator by discontinuing the withdrawal of red blood cells from the second outlet while
continuing to pump in whole blood. This causes the red blood cells to push the buffy coat out
of the separator via the first outlet. Buffy coat collection is preferably stopped when red
blood cells are detected in the outlet line by a hematocrit sensor. The collected buffy coat is
preferably irradiated within an irradiation chamber until a predetermined amount of energy
has been transferred to the collected buffy coat. The predetermined amount of energy is
preferably sufficient to induce apoptosis.
{0020] This photopheresis treatment is preferably performed in a closed-loop system where
the patient is also the source. Finally, instead of separating only buffy coat, the buffy cells
cari be further separated if desired into their components such as platelets and leukocytes.
[0021] Finally, an effective method of collecting red blood cells is achieved by another
aspect of the invention which is a method of collecting a desired blood component
comprising: providing a separator having an inlet, a first outlet, and a second outlet; drawing
whole blood from a source; adding an anticoagulant fluid to the whole blood in a
predetermined ratio to form a mixture of whole blood and anticoagulant fluid; pumping the
mixture of whole blood and anticoagulant fluid into the separator via the inlet at a selected
inlet rate; separating the mixture into blood components of different densities; withdrawing
plasma and buffy coat from the separator while continuing to pump the mixture of whole
blood and anticoagulant fluid into the separator, the plasma and buffy coat being withdrawn
at rates 5o as to build up red blood cells in the separator, the plasma and buffy coat being
withdrawn via the first outlet; and upon a predetermined amount of red blood cells building
up in the separator, collecting the red blood cells from the separator via the second outlet.
This method allows the red blood cells to build up in the separator and be subjected to a

maximum amount of prolonged centrifugal force

Brief Description of the Drawings
[0022] The invention is described in detail with respect to the accompanying drawings,

which illustrate an embodiment of the inventive apparatus, assemblies, systems, and methods.



FIG. 1 is a schematic representation of an embodiment of a disposable kit for use in
photopheresis therapy embodying features of the present invention.

FIG. 2 is an elevated perspective view of an embodiment of a cassette for controlling
fluid flow in the disposable photopheresis kit of FIG. 1.

FIG. 3 is an exploded view of the cassette of FIG. 2.

FIG. 4 is a top view of the cassette of FIG. 2 with the cover removed and showing
intemal tubular circuitry.

FIG. 5 is a bottom view of a cover of cassette of FIG. 2.

FIG. 6 is an elevated perspective view of an embodiment of a filter assembly.

FIG. 7 is bottom perspective view of the filter assembly of FIG. 6.

FIG. 8 is an exploded view of the filter assembly of FIG. 6.

FIG. 9 is a rear perspective view of the filter assembly of FIG. 6.

FIG. 10 is schematic representation of the filter assembly of FIG. 6 coupled to pressure
sensors and a data processor.

FIG. 11 is a front view of an irradiation chamber.

FIG. 12 is a side longitudinal view of the irradiation chamber of FIG. 11.

FIG. 13 is a side transverse view of the irradiation chamber of FIG. 11

FIG. 14 is a cut-away view of a section of the first plate and the second plate prior to
being joined together to form the irradiation chamber of FIG. 11.

FIG. 15 is a cut-away dimensional end view of the irradiation chamber of FIG. 11.

FIG. 16 is a perspective view of the irradiation chamber of FIG. 11 positioned within a
UVA light assembly.
FIG. 17 is an elevated perspective view of an embodiment of a permanent tower system
for use in conjunction with a disposable kit for facilitating a photopheresis therapy session.
FIG. 18 is a cross-sectional view of an embodiment of the photoactivation chamber,
without a UVA light assembly, used in the tower system of FIG. 17.

FIG. 19 is a cross-sectional view of an embodiment of the centrifuge chamber used in the
tower system of FIG. 17.

FIG. 20 is an electrical schematic of the leak detection circuit provided in the
photoactivation chamber of FI1G. 18.

FIG. 21 is an electrical schematic of the leak detection circuit provided in the centrifuge
chamber of FIG, 19.



FIG. 22 is an elevated perspective view of an embodiment of the fluid flow control deck
of the tower system of FIG. 17.

FIG. 23 is a perspective bottom view of the control deck of FIG. 22,

FIG. 24 is an exploded view of the control deck of FIG. 22.

FIG. 25 is a top perspective view of the control deck of FIG. 22 with the cassette of FIG.
2 loaded thereon.

FIG. 26 is a flowchart of an embodiment of a photopheresis treatment process.

FIG. 27 is a schematic of an embodiment of the fluid flow circuit used in performing the
treatment process of FIG. 26.

FIG. 28 is top perspective view an embodiment of a peristaltic pump.

FIG. 29 is a cross sectiona) side view of the penistaltic pump of FIG, 28.

FIG. 30 is a top perspective view the rotor of the peristaltic pump of FIG. 29.

FIG. 31 is a botiom perspective view of the rotor of FIG. 30.

FIG. 32 is a top view of the peristaltic pump of FIG. 28.

FIG. 33 is a top view of the peristaltic pump of FIG. 28 in a loading position and near the
cassette of FIG. 2.

FIG. 34 is an electrical schematic of the infrared communication port circuit.

FIG. 35 illustrates an embodiment of a centrifuge bow! and a rotating frame,

FIG. 36 is a dimensional view of the bowl of FIG. 35.

FIG. 37 is an exploded view of the bowl of FIG. 36.

FIG. 38 shows a cross sectional view of the bowl of FIG. 36 along the line XIX-XTIX.

FIG. 39A shows a cross sectional view of a connection sleeve in place with a lumen
connector of the bowl of FIG 38 along the hine XX,

F1G. 39B shows another cross sectional view of a connection sleeve in place with a lumen
connector of the bowl of FIG 38§.

FIG. 40 shows a cross sectional view of the top core of the bowl of FIG. 37.

FIG. 41 shows a dimensional view of the top core and upper plate of FIG. 37.

FIG. 42 shows a bottom view of the top core of FIG. 41.

F1G. 43A shows a dimensional exploded view of the bottom core and a lower plate of the
bowl of FIG. 37.

FIG. 43B shows an dimensional cross section view of the bottom core and a lower plate
of the bow] of FIG. 43 A attached together.

FIG. 44 shows an exploded side view of the bottom core and a Iower plate of FIG. 43A.
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FIG. 45 shows a dimensional view of another embodiment of a conduit assembly.

FIG. 46 shows a dimensional view of the connection sleeve of FIG. 45.

FIG. 47 shows a dimensional view of one end of conduit assembly of FIG. 45.

FIG. 48 shows a dimensional view of an anchor end of the present invention.

FIG. 49 shows a lateral cross-sectional view of an anchor end.

FIG. 50 shows a horizontal cross-sectional view of an anchor end taken along line XXI.

FIG. 51 illustrates a dimensional view of the rotating frame of FIG. 35.

FIG. 52 is an enlarged view of a holder for an external conduit.

FIG, 53 shows an altemative embodiment of the bowl with the cross-section taken
similarly to that shown in FIG. 38.

FIG. 54 shows an aliemnative embodiment of the top core.

FIG. 55 shows an alternative embodiment of the connection sleeve.

Modes for Carrying Qut The Invention

[0023] Features of the present invention are embodied in the permanent blood driving
equipment, the disposable photopheresis kit, the various devices which make up the
disposable kit, and the corresponding treatment process. The following written description is
outlined as follows:

1. Disposable Photopheresis Kit
A. Cassette for Controlling Fluid Flow
1. Filter Assembly
B. Irradiation Chamber
C. Centrifuge Bowl
1. Drive Tube
II. Permanent Tower System
A Photoactivation Chamber
B. Centrifuge Chamber
C. Fluid Flow Control Deck
1. Cassette Clamping Mechanism
2. Self-Loading Peristaltic Pumps
D. Infra-Red Communication
II1. Photopheresis Treatment Process

[0024] The above-outline is included to facilitate understanding of the features of the present
invention. The outline is not limiting of the present invention and is not intended to
categorize or limit any aspect of the invention. The inventions are described and illustrated in

sufficient detail that those skilled in this art can readily make and use them. However,

various alternatives, modifications, and improvements should become readily apparent



~ without departing from the spirit and scope of the invention. Specifically, while the invention
is described in the context of a disposable kit and permanent blood drive system for use in
photopheresis therapy, certain aspects of the invention are not so limited and are applicable to
kits and systems used for rendering other therapies, such as apheresis or any other

extracorporeal blood treatment therapy.

I. Disposable Photopheresis Kit

{0025] FIG. 1 illustrates disposable photopheresis kit 1000 embodying features of the present
invention. It is necessary that a new disposable sterile kit be used for each therapy session. In
order to facilitate the circulation of fluids through photopheresis kit 1000, and to treat blood
fluids circulating therethrough, photopheresis kit 1000 is installed in permanent tower system
2000 (FIG. 17). The installation of photopheresis kit 1000 into tower system 2000 is
described in detail below.

[0026] Photopheresis kit 1000 comprises cassetie 1100, centrifuge bowl 10, imadiation
chamber700, hematocrit sensor 1125, removable data card 1195, treatment bag 50, and
plasma collection bag §1. Photopheresis kit 1000 further comprises saline connector spike
1190 and anticoagulant connector spike 1191 for respectively connecting saline and
anticoagulant fluid bags (not shown). Photopheresis kit 1000 has all the necessary tubing and
connectors to fluidly connect all devices and to route the circulation of fluids during a
photopheresis treatment session. All tubing is sterile medical grade flexible tubing. Triport
connectors 1192 are provided at various positions for the introduction of fluids into the tubing
if necessary.

[0027] Needle adapiers 1193 and 1194 are provided for respectively connecting
photopheresis kit 1000 to needles for drawing whole blood from a patient and returning blood
fluids to the patient. Alternatively, photopheresis kit 1000 can be adapted to use 2 single
needle to both draw whole blood from the patient and return blood fluids to the patient.
However, a two needle kit is preferred because of the ability to simultaneously draw whole
blood and return blood fluids to the patient. When a patient is hooked up to photopheresis kit
1000, a closed loop system js formed.

[0028] Cassette 1100 acts both as a tube organizer and a fluid flow router. Irradiation
chamber 700 is used to expose blood fluids to UV light. Centrifuge bowl 10 separates whole
blood into its different components according to density. Treatment bag 50 is a 1000mL

three port bag. Straight bond port 52 is used to inject a photoactivatable or photosensitive
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compound into treatment bag 50. Plasma collection bag 51 is 1000mL two port bag. Both
treatment bag 50 and plasina collection bag 51 have a hinged cap spike tube 53 which can be
used for drainage if necessary. Photopheresis kit 1000 further comprises hydrophobic filters
1555 and 1556 which are adapted to connect to pressure transducers 1550 and 1551 to filter
1500 via vent tubes 1552 and 1553 for monitoring and controlling the pressures within tubes
connecting the patient (FIG. 10). Monitoring the pressure helps ensure that the kit is
operating within safe pressure limits. The individual devices of photopheresis kit 1600, and

their functioning, are discussed below in detail.

A. Cassette for Controlling Fluid Flow

[0029] FIG. 2 shows a top perspective view of a disposable cassette 1100 for valving,
pumping, and controlling the movement of blood fluids during a photopheresis treatment
session. Cassette 1100 has housing 1101 that forms an internal space that acts as a casing for
its various internal components and tubular circuitry. Housing 1101 is preferably made of
hard plastic, but can be made of any suitably rigid material. Housing 1101 has side wall 1104
and top surface 1105. Side wall 1104 of housing 1101 has tabs 1102 and 1103 extending
therefrom. During a photopheresis treatment, cassette 1100 needs to be secured to deck 1200
of tower system 2000, as is best illustrated in FIG. 25. Tabs 1102 and 1103 help position
and secure cassette 1100 to deck 1200.

10030] Cassette 1100 has fluid inlet tubes 1106, 1107, 1108, 1109, 1110, 1111, and 1112 for
receiving fluids into cassette 1100, fluid outlet tubes 1114, 1115, 1116, 1117, 1118, and 1119
for expelling fluids from cassette 1100, and fluid inlet/outlet tube 1113 that can be used for
both introducing and expelling fluids into and out of cassette 1100. These fluid input and
output tubes fluidly couple cassette 1100 to a patient being treated, as well as the various
devices of photopheresis kit 1000, such as centrifuge bowi 10, irradiation chamber700,
treatment bag 50, plasma collection bag 51, and bags containing saline, anticoagulation fluid
to form a closed-loop extracorporeal fluid circuit (FIG. 27).

[0031] Pump tube loops 1120, 1121, 1122, 1123, and 1124 protrude from side wall 1104 of
housing 1101. Pump tube loops 1120, 1121, 1122, 1123, and 1124 are provided for
facilitating the circulation of fluids throughout photopheresis kit 1000 during therapy. More
specifically, when cassette 1100 is secured to deck 1200 for operation, each one of said pump
tube loops 1120, 1121, 1122, 1123, and 1124 are loaded into a corresponding peristaltic
pump 1301, 1302, 1303, 1304, and 1305 (FIG. 4). Peristaltic pumps 1301, 1302, 1303, 1304,
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“and 1305 drive fluid through the respective pump tube loops 1126, 1121, 1122, 1123, and
1124 in a predetermined direction, thereby driving fluid through photopheresis kit 1000 (FIG.
1) as necessary. The operation and automatic loading and unloading of peristaltic pumps
1301, 1302, 1303, 1304, and 1305 is discussed in detail below with respect to FIGS, 28-33.
[0032] Turning now to FIG. 3, cassette 1100 is shown with housing 1101 in an exploded
state. For ease of illustration and description, the internal tubular circuitry within housing
1101 is not illustrated in FIG. 3. The internal tubular circuitry is illustrated in FIG. 4 and will
be discussed in relation thereto. Cassette 1100 has filter assembly 1500 positioned therein
and in fluid connection with inlet tube 1106, outlet tube 1114, and one end of each of pump
tube loops 1120 and 1121. Filter assembiy 1500 comprises vent chambers 1540 and 1542.
Filter assembly 1500, and its functioning, is discussed in detail below with respect to FIGS.
6-10.

[0033] Housing 1101 comprises cover 1130 and base 1131. Cover 1130 has top surface
1105, a bottom surface 1160 (FIG. 5), and side wall 1104. Cover 1130 has openings 1132
and 1133 for allowing vent chambers 1540 and 1542 of filler assembly 1500 to extend
therethrough. Side wall 1104 has a plurality of tube slots 1134 to allow the inlet tubes, outlet
tubes, and pump loop tubes to pass into the intemal space of housing 1101 for connection
with the internal tubular circuitry located therein. Only a few tube slots 1134 are labeled in
FIG. 3 to avoid numerical crowding. Tabs 1102 and 1103 are positioned on side wall 1104
50 as not to interfere with tube slots 1134, Cover 1130 has occlusion bars 1162 and 1162A
extending from bottom surface 1160 (FIG. 5). Occlusion bars 1162 and 1162A are preferably
molded into bottom surface 1160 of cover 1130 during its formation.

[0034) Base 1131 has a plurality of U-shaped tube-holders 1135 extending upward from top
surface 1136. U-shaped tube holders 1135 hold the inlet tubes, outlet tubes, pump loop tubes,
filter assembly, and internal tubular circuitry in place. Only a few U-shaped holders 1135 are
labeled in FIG. 3 to avoid numerical crowding. Preferably, a U-shaped holder 1135 is
provided on base 1131 at each location where an inlet tube, an outlet tube, or a pump loop
tube passes through a tube slot 1134 on side wall 1104. Male extrusions 1136 protrude from
top surface 13136 of base 1131 for mating with corresponding female holes 1161 located on
bottom surface 1160 of cover 1130 (FIG. 5). Preferably, a male protrusion 1136 is located at
or near each of the four corners of base 1130 and near filter 1500. Male protrusions 1136

mate with the female holes 1161 to form a snap-fit and secure base 1131 to cover 1130,
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" [0035] Base 1131 further comprises a hub 1140. Hub 1140 is a five-way tube connector used
to connect five tubes of the internal tubular circuitry. Preferably, three apertures 1137 are
located near and surround three of the tubes leading into hub 1140. Hub 1140 acts as a
centralized junction which can be used, in conjunction with compression actuators 1240-1247
{(FI1G. 22), o direct fluids through photopheresis kit 1000 and to and from the patient. In
addition to hub 1140, appropriate tube connectors, such as T-connectors 1141 and Y-
connector 1142, are used to obtain the desired flexible tubing pathways.

[0036] Five apertures 1137 are located on the floor of base 1130. Each aperture 1137 is
surrounded by an aperture wall 1138 having slots 1139 for passing portions of the internal
tubular circuitry therethrongh. An elongated aperture 1157 is also provided on the floor of
base 1131, Apertures 1137 are located on base 1131 to align with corresponding
compression actuators 1243-1247 of deck 1200 (FIG. 22). Aperture 1157 is located on base
1131 to align with compression actuators 1240-1242 of deck 1200 (FIG. 22). Each aperture
1137 is sized so that a single compression actuator 1243-1247 can extend therethrough.
Aperture 1157 1s sized so that three compression actuators 1240-1242 can extend
therethrough. Compression actuators 1240-1247 are used to close/occlude and open certain
fluid passageways of the internal tubular circuitry in order to facilitate or prohibit fluid flow
along a desired path. When it is desired to have a certain passageway open so that fluid can
flow therethrough, the compression actuator 1240-1247 for that passageway is in a lowered
position However, when it is desired to have a certain fluid passageway closed so that fluid
can not flow therethrough, the appropriate compression actuator 1240-1247 is raised,
extending the compression actuator 1240-1247 through aperture 1137 or 1157 and
compressing a portion of the flexible tubular circuitry against bottom surface 1160 (FIG. 5)
of cover 1130, thereby closing that passageway. Preferably, occlusion bars 1163 and 1173
(FIG. 5) are positioned on bottom surface 1160 to align with the compression actuators 1240-
1247 so that the portion of flexible tubing being occluded is compressed against occlusion bar
1163 or 1173. Alternatively, the occlusion bar can be omitted or located on the compression
actuators themselves.

[0037] It is preferable for cassette 1100 to have a unique identifier that can communicate
with and relay information to permanent tower system 2000. The unique identifier is
provided to ensure that the disposable photopheresis kit is compatible with the blood drive
equipment into which it is being loaded, and that the photopheresis kit is capable of running
the desired treatment process. The unique identifier can also be used as a means to ensure
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that the disposable photopheresis kit is of a certain brand name or make. In the illustrated
example, the unique identifier is embodied as data card 1195 (FIG. 2) that is inserted into
data card receiving port 2001 of permanent tower system 2000 (FIG. 17). Data card 1195 has
both read and write capabilities and can store data relating to the treatment therapy performed
for future analysis. The vnique identifier can also take on a variety of forms, including, for
example, a microchip that interacts with the blood drive equipment when the kit is loaded, a
bar code, or a serial number.

[0038] Cover 1130 has data card holder 1134 for holding data card 1195 (FIG. 1). Data card
holder 1134 comprises four elevated ridges in a segmented rectangular shape for receiving
and holding data card 1195 to cassette 1100. Data card holder 1134 holds data card 1195 in
place via a snap-fit (FIG. 2).

[0039] Referring now to FIGS. 1 and 4, the internal tubular circuitry of cassette 1100 will
now be discussed. At least a portion of the internal tubular circuitry is preferably made of
flexible plastic tubing that can be pinched shut by the exertion of pressure without
compromising the hermetic integrity of the tube. Base 1131 of cassette 1100-is illustrated in
FIG. 4 so that the internal tubular circuitry can be viewed. Inlet tubes 1107 and 1108 and
outlet tube 1115 are provided for coupling cassette 1100 to centrifuge bowl 10 (FIG. 1).
More specifically, outlet tube 1115 is provide for delivering whole blood from cassette 1100
to centrifuge bowl 10, and inlet tubes 1107 and 1108 are respectively provide for returning a
lower density blood components and higher density blood components to cassette 1100 for
further routing through photopheresis kit 1000. The lower density blood components can
include, for example, plasma, leukocytes, platelets, buffy coat, or any combination thereof,
The higher density components can include, for example, red blood cells. Qutlet tube 1117
and inlet tube 1112 fluidly couple cassette 1100 to irradiation chamber 700. More
specifically, outlet tube 1117 is provided for delivering an untreated lower density blood
component, for example buffy coat, to irradiation chamber700 for exposure to photo energy,
while inlet tube 1112 is provided for returning the treated lower density blood component to
cassette 1100 for further routing.

[0040) Inlet tube 1111 and outlet tube 1116 couple treatment bag 50 to cassette 1100. Outlet
tube 1116 is provided to deliver an untreated low density blood component, for example
buffy coat, to treatment bag 50. Outlet tube 1116 has hematocrit (“HCT”) sensor 1125
operably connected thereto to monitor for the introduction of a high density blood
component, such as red blood cells. HCT sensor 1125 is a photo sensor assembly and is
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“operably coupled to a controller. HCT sensor 1125 sends a detection signal to the controller
when red blood cells are detected in outlet tube 1116 and the controller will take the
appropriate action. Inlet tube 1111 is provided to return the untreated low density blood
component from treatment bag 50 to cassette 1100 for further routing. Inlet tubes 1109 and
1110 are respectively connected to a saline and anticoagulant storage bags (not shown) via
spikes 1190 and 1191 and are provided for delivering saline and an anticoagulant fluid to
cassette 1100 for further routing to the patient.

[0041] Inlet/Outlet tube 1113 and outlet tube 1118 couple plasma collection bag 50 to
cassette 1100. More specifically, outlet tube 1118 delivers a blood component, such as
plasma, to plasma collection bag 51. Inlet/Outlet tube 1113 can be used to either deliver red
biood cells to plasma collection bag 51 from cassette 1100 or return the blood component(s)
that build up in plasma collection bag 51 to cassette 1100 for further routing. Inlet tube 1106
and outlet tubes 1119 and 1114 are coupled to a patient. Specifically, outlet tube 1114 is
provided to return treated blood, saline, untreated blood components, treated blood
components, and other fluids back to the patient. Inlet tube 1106 is provided for delivering
untreated whole blood (and a predetermined amount of an anticoagulant fluid) from the
patient to cassette 1100 for routing and treatment within photopheresis kit 1000. Outlet tube
1119 is specifically provided for delivering an anticoagulant fluid to inlet tube 1106. It is
preferable that all tubing is disposable medical grade sterile tubing. Flexible plastic tubing is
the most preferred.

[0042] Cassette 1100 has five pump tube loops 1120, 1121, 1122, 1123, and 1124 for driving
blood fluids throughout cassette 1100 and photopheresis kit 1000. More specifically, pump
tube loop 1121 loads into whole blood pump 1301 and respectively drives whole blood in and
out of cassette 1100 via inlet tube 1106 and outlet tube 1115, passing through filter 1500
along the way. Pump loop tube 1120 loads into return pump 1302 and drives blood fluids
through filter 1500 and back to the patient via outlet tube 1114. Pump loop tube 1122 loads
into red blood cell pump 1305 and draws red blood cells from centrifuge bowl 10 and drives
them into cassette 1100 via inlet line 1108. Pump loop tube 1123 loads into anticoagulant
pump 1304 and drives an anticoagulant fluid into cassette 1100 via inlet tube 1124 and out of
cassette 1100 to via outlet tube 1119, which connects with inlet tube 1306. Pump loop tube
1124 loads into recirculation pump 1303 and drives blood fluids, such as plasma, through

treatment bag 50 and irradiation chamber700 from cassette 1100.



[0043] Each of peristaltic pumps 1301-1305 are activated when necessary to perform the
photopheresis treatment therapy according to an embodiment of the method of the present
invention which is described below in relation to FIGS. 26-27. Peristaltic pumps 1301-1305
can be operated one at a time or in any combination. The pumps 1301-1305 work in
conjunction with compression actuators 1240-1247 to direct fluids through desired pathways
of photopheresis kit 1000. Apertures 1137 and 1157 are strategically located on base 1131
along the internal tubular circuitry to facilitate proper routing. Through the use of
compression actuators 1240-1247, the fluids can be directed along any pathway or

combination thereof.

1. The Filter Assembly

[0044] Filter 1500, which is located within cassette 1100 as described above, is illustrated in
detail in FIGS. 6-10. Referring first to FIGS. 6 and 7, filter 1500 is illustrated fully
assembled. Filter 1500 comprises a filter housing 1501. Filter housing 1501 is preferably
constructed of a transparent or translucent medical grade plastic. However, the invention is
not so limited and filter housing 1501 can be constructed of any material that will not
contaminate blood or other fluids that are flowing therethrough.

[0045] Filter housing 1501 has four fluid connection ports extruding therefrom, namely
whole blood inlet port 1502, whole blood outlet port 1503, treated fluid inlet port 1504, and
treated fluid outlet port 1505. Ports 1502-1505 are standard medical tubing connection ports
that allow medical tubing to be fluidly connected thereto. Ports 1502-1505 respectively
contain openings 1506, 1507, 1508 and 1509. Openings 1506, 1507, 1508 and 1509 extend
through ports 1502, 1503, 1504 and 1505, forming fluid passageways into filter housing 1501
at the desired locations.

[0046] Ports 1502, 1503, 1504 and 1505 are also used to secure filter 1500 within cassette
1100. In doing so, ports 1502, 1503, 1504 and 1505 can engage U-shaped fasteners 1135 of
cassette 1100 (FIG. 3). Filter housing 1501 also has a protrusion 1519 extending the bottom
surface of housing floor 1518. Protrusion 1510 fits into a guide hole of base 1131 of cassette
1100 (FIG. 3).

[0047] Referring now to FIG. 8, filter 1500 is illustrated in an exploded state. Filter housing
1501 is a two-piece assembly comprising roof 1511 and base 1512. Roof 1511 is connected
to base 1512 by any means known in the art, such as ultrasonic welding, heat welding,

applying an adhesive, or by designing roof 1511 and base 1512 so that a tight fit results
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between the two. While filter housing 1501 is illustrated as a two-piece assembly, filter
housing 1501 can be either a single piece structure or a multi-piece assembly.

[0048] Base 1512 has chamber separation wall 1513 extending upward from a top surface of
housing floor 1518 (FIG. 7). When base 1512 and roof 1511 are assembled, top surface 1515
of chamber separation wall 1513 contacts the bottom surface of roof 1511, forming two
chambers within the filter housing, whole blood chamber 1516 and filter chamber 1517.
Fluid can not directly pass between whole blood chamber 1516 and filter chamber 1517.
[0049] Whole blood chamber 1516 is a substantially L-shaped chamber having floor 1514,
Whole blood chamber 1516 has a whole blood inlet hole'1519 and a whole blood outlet hole
(not illustrated) in floor 1514. Whole blood inlet hole 1519 and the whole blood outlet hole
are located at or near the ends of the substantially L-shaped whole blood chamber 1516,
Whole blood inlet hole 1519 forms a passageway with opening 1506 of inlet port 1502 so that
a fluid can flow into whole blood chamber 1516. Similarly, the whole blood outlet hole (not
illustrated) forms a passageway with opening 1567 of outlet port 1503 so that fluid can flow
out of whole blood chamber 1516.

{0050] Filter chamber 1517 has floor 1520. Floor 1520 has elevated ridge 1521 extending
upward therefrom. Elevated ridge 1521 is rectangular and forms a perimeter. While elevated
ridge 1521 is rectangular in the illustrated embodiment, elevated ridge 1521 can be any shape
so long as it forms an enclosed perimeter. The height of elevated ridge 1521 is less than the
height of chamber separation wall 1513, As such, when roof 1511 and base 1512 are
assembled, space exists between the top of elevated ndge 1521 and the bottom surface of roof
1511. Elevated ridge 1521 and chamber separation wall 1513 form a trench 1524 there
between.

[0051] In order to facilitate fluid flow through filter chamber 1517, floor 1520 of filter
chamber 1517 has treated fluid inlet hole 1522 and treated fluid outlet hole 1523, Treated
fluid inlet hole 1522 is Jocated exterior of the perimeter formed by elevated ridge 1521 and
forms a passageway with opening 1508 of inlet port 1504 so that a fluid can flow into filter
chamber 1517 from outside filter housing 1501, Treated fluid outlet hole 1523 is located
interior of the perimeter formed by elevated ridge 1521 and forms a passageway with opening
1509 of outlet port 1505 so that a fluid can flow out of filter chamber 1517.

[0052] Filter 1500 further comprises filter element 1530. Filter element 1530 comprises
frame 1531 having filter media 1532 positioned therein. Frame 1531 has a neck 1534 that
forms a filter inlet hole 1533. Filter element 1530 is positioned in filter chamber 1517 so that

17



frame 1531 fits into trench 1524 and neck 1534 surrounds treated blood inlet hole 1522.
Filter inlet hole 1533 is aligned with treated fluid inlet hole 1522 so that incoming fluid can
freely flow through holes 1522 and 1533 into filter chamber 1517. Frame 1531 of filter
element 1530 forms a hermetic fit with elevated ridge 1521. All fluid that enters filter
chamber 1517 through holes 1522 and 1533 must pass through filter media 1532 in order to
exit filter chamber 1517 via treated fluid outlet hole 1523. Filter media 1532 preferably has a
pore size of approximately 200 microns. Filter media 1532 can be formed of woven mesh,
such as woven polyester.

[0053] Filter chamber 1517 further comprises filter vent chamber 1540 within roof 1511.
Filter vent chamber 1540 has gas vent 1541 in the form of a hole (FIG. 9). Because gas vent
1541 opens into filter vent chamber 1540 which in turn opens into filter chamber 1517, gases
that build-up within filter chamber 1517 can escape through gas vent 1541. Similarly, whole
blood chamber 1516 comprises blood vent chamber 1542 within roof 1511. Blood vent
chamber 1541 has gas vent 1543 in the form of a hole. Because gas vent 1543 opens into
blood vent chamber 1542 which in turn opens into whole blood chamber 1517, gases that
build-up in whole blood chamber 1516 can escape via gas vent 1543,

[0054) FIG. 10 is a top view of filter 1500 having pressure sensors 1550 and 1551 connected
to gas vents 1541 and 1543. Pressure sensors 1550 and 1531 are preferably pressure
transducers. Pressure sensor 1550 is connected to gas vent 1541 via vent tubing 1552. Vent
tubing 1552 fits into gas vent 1541 so as to form a tight fit and seal. Because gas vent 1541
opens into filter vent chamber 1540 which in turn opens into filter chamber 1517, the
pressure in vent tubing 1552 is the same as in filter chamber 1517. By measuring the
pressure in vent tabing 1552, pressure sensor 1550 also measures the pressure within filter
chamber 1517. Similarly, pressure sensor 1551 is connected to gas vent 1543 via vent tubing
1553. Vent tubing 1553 fits into gas vent 1543 so as to form a tight fit and seal and pressure
sensor 1551 measures the pressure within whole blood chamber 1516. Filter vent chamber
1540 and blood vent chamber 1542 extend through openings 1132 and 1133 of cassetie 1100
when filter 1500 is positioned therein (FIG. 2). This allows the pressure within chambers
1516 and 1517 to be monitored while still protecting filter chamber 1500 and the fluid
connections thereto.

[0055] Pressure sensors 1550 and 1551 are coupled to controller 1554, which is a properly
programmed processor. Controller 1554 can be a main processor used to drive the entire
system or can be a separate processor coupled to a main processor. Pressure sensors 1550

18



and 1551 produce electrical output signals representative of the pressure readings within
chambers 1517 and 1516 respectively. Controiler 1554 receives on a frequent or continuzous
basis data representing the pressure within chambers 1516 and 1517. Controller 1554 is
programmed with values representing desired pressures within chambers 1516 and 1517.
Controller 1554 continuously analyzes the pressure data it receives from pressure sensors
1550 and 1551 to determine whether the pressure readings are within a predetermined range
from the desired pressure for chambers 1517 and 1516. Controller 1554 is also coupled to
whole blood pump 1301 and return pump 1302. In response to the pressure data received
from pressure sensors 1551 and 1550, controller 1554 is programmed to control the speed of
whole blood pump 1301 and retum pump 1302, thereby adjusting the flow rates through the
pumps 1301 and 1301. Adjusting these flow rates in turn adjust the pressure within whole
blood chambers 1516 and filter chamber 1517 respectively. It is in this way that the pressure
within the lines drawing and returning blood to and from the patient is maintained at
acceptable levels.

[0056] The functioning of filter 1500 during a photopheresis therapy session will now be
discussed in relation to FIGS. 1, 6, and 10. While the functioning of filter 1500 will be
described in detail with respect to drawing whole blood from a patient and returning a
component of said whole blood back into the patient after it is treated, the invention is not so
limited. Filter 1500 can be used in connection with almost any fluid, including red blood
cells, white blood celis, buffy coat, plasma, or a combination thereof.

{0057] Whole blood pump 1601 draws whole blood from a patient who is connected to
photopheresis kit 1000 via a needle connected to port 1193. The rotational speed of whole
blood pump is set so that the pressure of the line drawing the whole blood from the patient is
at an acceptable level. Upon being drawn from the patient, the whole blood passes into
cassette 1100 via inlet tube 1106. Inlet tube 1106 is fluidly connected to inlet port 1502 of
filter 1500. The whole blood passes through opening 1506 of inlet port 1502 and into L-
shaped whole blood chamber 1516. The whole blood enters chamber 1516 through inlet hole
1519 which is located on floor 1514. As more whole blood enters chamber 1516, the whole
blood spills along floor 1514 until it reaches the whole blood outlet hole (not illustrated) at
the other end of L-shaped whole blood chamber 1516. As discussed above, the whole blood
outlet whole forms a passageway with opening 1507 of outlet port 1503. The whole blood
that is within chamber 1516 flows across floor 1514, through the whole blood outlet hole,
into outlet port 1503, and out of filter 1500 through opening 1507.
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—[00581 As the whole blood passes through whole blood chamber 1516, gases that are trapped
in the whole blood escape. These gases collect in blood vent chamber 1542 and then escape
via gas vent 1543. Pressure sensor 1551 continuously monitors the pressure within blood
chamber 1516 through vent tube 1553 and transmits corresponding pressure data to controller
1554. Controller 1554 analyzes the received pressure data and if necessary adjusts the speed
of whole blood pump 1301, thereby adjusting the flow rate and pressure within chamber 1516
and inlet tube 1106. Controller 1554 adjust the pump speed to ensure that the pressure is
within the desired pressure range.

[0059] The whole blood then exits filter 1500 through outlet port 1503 and passes out of
cassette 1100 via outlet tube 1115, The whole blood is then separated into components
and/or treated as described in detail below. Before being retumned to the patient, this treated
fluid (i.e. tréated blood or blood components) must be filtered. Untreated fluids such as red
blood cells also must be filtered and will subjected to the below filtering process. The treated
fluid is fed into filter chamber 1517 through opening 1508 of inlet port 1504. Inlet port 1504
is fluidly connected to pump loop tube 1120. The treated fluid enters filter chamber 1517
through inlet hole 1522 and-passes through filter inlet hole 1533 of fiiter element 1530. The
treated fluid fills filter chamber 1517 until it spills over frame 1531 of filter element 1530,
which is secured to elevated ridge 1521. The treated fluid passes through filter media 1532.
Filter media 1532 removes contaminants and other undesired materials from the treated fluid
while at the same facilitating the release of trapped gases from the treated fluid. The treated
fluid that passes through filter media 1532 gathers on floor 1520 of filter chamber 1517
within the perimeter formed by elevated ridge 1521. This treated fluid then passes into
treated fluid outlet hole 1523 and out of filter 1500 through opening 1506 of outlet port 1502.
The treated fluid is then returned to the patient via outlet tube 1114, which is fluidly

connected to outlet port 1502. The treated fluid is driven through filter chamber 1517 and
outlet tube 1114 by return pump 1302,

[0060] Gases that are trapped in the treated fluid escape and collect in filter vent chamber
1540 as the treated fluid flows through filter chamber 1517. These gases then escape filter
1500 via gas vent 1541. Pressure sensor 1550 continuously monitors the pressure within
filter chamber 1517 through vent tube 1552 and transmits comresponding pressure data to
controlter 1554. Controller 1554 analyzes the received pressure data and compares it fo the

desired pressure value and range. If necessary, controller 1554 adjusts the speed of return
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pump 1302, thereby adjusting the flow rate and pressure within chamber 1517 and outlet tube
1114.

B. TIrradiation Chamber

[0061] FIGS. 11-16 illustrate irradiation chamber700 of photopheresis kit 1000 in detail.
Referring first to Fig. 11, iiradiation chamber700 is formed by joining two plates, a front and
a back plate having a thickness of preferably about 0.06 in. to about 0.2 in., which are
preferably comprised of a material ideally transparent to the wavelength of electromagnetic
radiation. In the case of ultraviolet A radiation, polycarbonate has been found most preferred
although other materials such as acrylic may be employed. Similarly, many known methods
of bonding may be employed and need not be expanded on here.

[0062] The first plate 702 has a first surface 712 and a second surface 714. In a preferred
embodiment the first plate 702 has a first port 705 on a first surface 712, in fluid
communications with the second surface 714. The second surface 714 of the first plate 702
has a raised boundary 726A defining an enclosure. The boundary 726A preferably extends
substantially perpendicular from the second surface 714 (i.e. about 80-100 degrees).
Extending from the second surface 714 (preferably substantially perpendicularly) are raised
partitions 720A. The boundary 726A surrounds the partitions 720A. One end of each
partition 720A extends and contacts the boundary 726A.

[0063] The second plate 701 has a first surface 711 and a second surface 713. In a preferred
embodiment the second plate 701 preferably has a second port 730 on a first surface 711, in
fluid communications with the second surface 713. The second surface 713 of the back plate
701 has a raised boundary 726B defining an enclosure. The boundary 726B preferably
extends substantially perpendicular from the second surface 713 (i.e. about 80-100 degrees).
Extending from the second surface 713 (preferably substantially perpendicular) are raised
partitions (720B). The boundary 726B surrounds the partitions 720B. One end of each
partition 720A extends and contacts one¢ side of boundary (726B).

[0064) The joining of the second surfaces of the first and second plates results in a fluid tight
junction between boundaries 726A and 726B thereby forming boundary 726. Partitions 720A
and 720B are also joined forming a fluid tight junction thereby forming partition 720. The
boundary 726 forms an irradiation chamber700 and together with the partitions 720 provides
a pathway 710 having channels 715 for conducting fluid. The pathway maybe serpentine,

zig-zag, or dove-tailed. Currently preferred is a serpentine pathway.
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‘[0065] With reference to FIG. 11 and 12, irradiation chamber700 comprises a serpentine
pathway 710 for conducting patient fluid, such as buffy coat or white blood cells, from inlet
port 705 to outlet port 730, i.c., the serpentine pathway 710 is in fluid communication with
inlet port 705 of front plate 702 and outlet port 730 of back plate 701. Patient fluid is
supplied from cassette 1100 to inlet port 705 via outlet tube 1117. After photoactivation and
passing through serpentine pathway 710, the treated patient fluid is retumed to cassette 1160
via inlet tube 1112 (FIGS. 1 and 4). The patient fluid is driven by recirculation pump 1303.
Self-shielding effects of the cells is reduced while the cells are photoactivated by irradiation
impinging upon both sides of irradiation chamber700. '

[0066] Figure 11 shows pin 740 and recess 735 which align the two plates of irradiation
chamber prior to being joined together in a sealing arrangement by RF welding, heat impulse
welding, solvent welding or adhesive bonding. Joining of the plates by adhesive bonding and
RF welding is more preferred. Joining of the front and back plates by RF welding is most
preferred as the design of the raised partitions 720 and perimeter 725 minimizes flashing and
allows for even application of RF energy. Locations of pin 740 and recess 735 may be inside
serpentine pathway 710 or outside of serpentine pathway 710. Figure 2 also shows a view of
an irradiation chamber with axis L. Rotation of chamber 700 180 degree about axis L gives
the original configuration of the irradiation chamber. The irradiation chamber of the present
invention has C; symmetry about axis L.

{0067] Referring to FIGS. 11, 13, and 16, the leukocyte enriched blood, plasma, and priming
solution are delivered through inlet port 705 of front plate 702 of irradiation chamber700 into
channel 715. The channel 715 in the irradiation chamber700 is relatively "thin" (e.g. on the
order of approximately 0.04" as distance between two plates) in order to present large surface
area of leukocyte rich blood to irradiation and reduce the self-shielding effects encountered
with lower surface area/volume ratios. The cross section shape of channel 715 is
substantially rectangular (e.g. rectangular, rhomboidal or trapezoidal) which has as its long
side the distance between partition 720 and the distance between the plates as its short side.
The shape of the cross section is designed for optimal irradiation of cells passing through
channel 715. While a serpentine pathway 710 is preferred in order to avoid or minimize
stagnant areas of flow, other arrangements are contemplated.

[0068] The irradiation chamber 700 allows efficient activation of photoactivatable agents by
irradiation from a light array assembly, such as the PHOTOSETTE®’s two banks of UVA
lamps (758) for activation (Figure 16). The irradiation plate and UV A light assembly (759)
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are designed to be used in a setting where edge 706 is oriented downward and edge 707
points upward. In this orientation, fluids entering input port 705 can exit from outlet port 730
with the aid of gravity. In the most preferred embodiment, irradiation of both sides of the
irradiation chamber takes place concurrently while still permitting facile removal of the
chamber. UVA light assembly 759 is located within UV chamber 750 of permanent tower
system 2000 (FIGS. 17 and18}.

[0069] The irradiation chamber’s fluid pathway loops to form two or more channels in which
the leukocyte-enriched blood is circulated during photoactivation by UVA light. Preferably,
irradiation chamber 700 has between 4 o 12 channels. More preferably, the irradiation
chamber has 6 to 8 channels. Most preferably, the irradiation chamber has 8 channels.
[0070] Figure 14 shows cut-away views of the irradiation chamber. The channels 715 of
serpentine pathway 710 are formed by the joining of raised partition 720 and perimeter 726
of the plates.

[0071] The irradiation chamber of the present invention can be made from a biocompatible
material and can be sterilized by known methods such as heating, radiation exposure or
treatment with ethylene oxide (ETO).

[0072] The method of irradiating cells using irradiation chamber 700 during extracorporeal
treatment of cells with electromagnetic radiation (UV A} to be used in the treatment of a
patient (such as to induce apoptosis in the cells and administer the cells into the patient) will
now be discussed. Preferably the cells treated will be white cells.

[0073] In one embodiment of this method, a photoactivatable or photosensitive compound is
first administered to at least a portion of the blood of a recipient prior to the extracorporeal
treatment of the cells. The photoactivatable or photosensitive compound may be
administered in vivo (e.g., orally or intravenously). The photosensitive compound, when
administered in vivo may be administered orally, but also may be administered intravenously
and/or by other conventional administration routes. The oral dosage of the photosensitive
compound may be in the range of about 0.3 to about 0.7 mg/kg., more specifically, about 0.6
mg/kg.

[0074] When administered orally, the photosensitive compound may be administered at least
about one hour prior to the photopheresis treatment and no more than about three hours prior
to the photopheresis treatment. If administered intravenously, the times would be shorter.
Alternatively, the photosensitive compound may be administered prior to or
contemporaneously with exposure to ultraviolet light. The photosensitive compound may be

23



administered to whole blood or a fraction thereof provided that the target blood cells or blood
components receive the photosensitive compound. A portion of the blood could first be
processed using known methods to substantially remove the erythrocytes and the photoactive
compound may then be administered to the resulting enriched leukocyte fraction. In one
embodiment, the blood cells comprise white blood cells, specifically, T-cells.

{0075] The photoactivatable or photosensitive compound may, in the case of some psoralens,
be capable of binding to nucleic acids upon activation by exposure to electromagnetic
radiation of a prescribed spectrum, e.g., ultraviolet light.

[0076] Photoactive compounds may include, but are not limited to, compounds known as
psoralens (or furocoumarins) as well as psoralen derivatives such as those described in, for
example, U.S. Pat. No. 4,321,919 and U.S. Pat. No. 5,399,719. The photoactivatable or
photosensitive compounds that may be used in accordance with the present invention include,
‘but are not limited to, psoralen and psoralen derivatives; 8-methoxypsoralen; 4,5'8-
trimethylpsoralen; S-methoxypsoralen; 4-methylpsoralen; 4,4-dimethylpsoralen; 4-5'-
dimethylpsoralen; 4'-aminomethy)-4,5',8-trimethylpsoralen; 4'-hydroxymethyi-4,5',8-
trimethylpsoralen; 4',8-methoxypsoralen; and a 4'-(omega-amino-2-oxa) alkyl-4,5',8-
trimethylpsoralen, including but not limited to 4'-(4-amino-2-oxa)butyl-4,5',8-
trimethyipsoralen. In one embodiment, the photosensitive compound that may be used
comprises the psoralen derivative, amotosalen (S-59) (Cerus, Corp., Concord, CA). See, e.g.,
U.S. Patent Nos. 6,552,286; 6,469,052; and 6,420,570. In another embodiment, the
photosensitive compound that may be used in accordance with the invention comprises 8-
methoxypsoralen.

[0077] Methoxsalen is a naturally occurring photoactive substance found in the seed of the
Ammi majus (umbelliferae plant). It belongs to a class of compounds known as psoralens or
furocoumarins. The chemical name 1s 9-methoxy-7H-furo|3,2-g][ 1]-benzopyran-7-one. The
formuiation of the drug is a sterile liquid at a concentration of 20 meg/mL in a 10 mL vial.
See http://www .therakos.com/TherakosUS/pdffuvadexpi.pdf. Toxicology studies of
extracorporeal photopheresis and different dosages of UVADEX® and ultraviolet light in
beagle dogs is located in the investigator’s brochure.

f0078] Next, the portion of the subject’s blood, recipient's blood, or the donor’s blood to
which the photoactive compound has been administered is treated by subjecting the portion
of the blood to photopheresis using ultraviolet light. The photopheresis treatment may be
carried out using long wavelength ultraviolet light (UVA) at a wavelength within the range of
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5. .‘ entn'ely expressly mcorporated herein by ref'erence Indeed, the apphcauon af ECP fo the
. : vanous diseases descnbed herein may requue a adjustrnent of the arnount of hght energy to
optlmtz thetreatment process ' ' i E .
;-[0085] Fuﬂhermore the photosmsmzmg agent used in the ECP process nmye be removed
pnor o etmmng the treated b:o!oglcal fluid to the patient, For e:gmsze, Methnxsalen o
, (UVAD X@) is uhhzed in the ECP process, Methoxsalen belong 10 2 group of compomds g
g ;’lmown : psoralans T‘he exposure 1o methoxsalen or other psorale.-ns may capse undeslra,b!e
| n the subject reclpiaan or donor such as photsioxicity or other toxlc effects .
. assoc:at#d wzth psotalen and their decompcsmon products, Tharefore, the pgora]en, ps::ralen )
| i CE _ denvaiives or psora]en decomposmon products that : may remain m the b1ologlcal fhuid rnay
" | .‘he tamowd a:ftes;r uv axposure A process for the remaval of psoraien b:ologw.nl ﬂmds is
i sserfbod in U.S. Patem No, 6,228 995, which is entirely express& mcorporzﬁted hérein by
éferéme - B ' ‘ “ R 4

g

\!" Centnﬁ.tgeBowl

_.{0086] Thn speclﬁc embodunent, the present invention relates to methods a.nd apparatus that
e ‘:separate! fluid components, such s, for example, the components’ of a blologrcal fluid by

, dens:fy pr we:ght onlogmal Fuids encompass fluids that comprise. sxist m, or are used in,
;or dehvéred to living orgamsms Indeed, biclogical fluids may compnse bcdﬂy finids and

; the1r components such as blood cells, plasma, and other fluids ﬁzat oompnse blo]og:ca]

: : components including lwmg organisms such as bactena, cells, or' other cellular components _
" Bmlogu,al ﬂwds may 3ls0 comprise whole blood or specxﬁc who]e blood componerrts

: mcludm g red blood ce].ls, platelets, white blood cells, and precursor eells In part:cula:r, it ‘
‘:nm;y be desuable to remove blood from a patient for treatment, s‘ubh as fcr etample

'- "jexuacoi'porenl t:reatmmt Itistobe understood however, that the present mvzznnon is

*
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T adaptab to use w:th vanous centrifugal processing appaxams and the speclﬁc example '
S given: Herein i is merely for illustrative pusposes. Other uses for the! separatxon ifechmignes and -

o ban R Lty

- ,,; - prar oy include other medloal processes such as dialysis, chemotherapy, platelet - o
P separau wend removal, and separation and removal of other spemﬁc cells: Addmnnally, we
LT prasent mvennon may be used to separate other types of fluids that mclude & ;mde vanety of i

. :non-m:: ! cal uses, such as for example, off and Auid component separa‘hon *411 componems
n E usad in:the present mventzon should not advessely affect biologmal ﬂmds OfF randerﬁaem

3 5 unsmtabla for their mtanded uses, such as ﬂmse desmbed herein and may bé made of any
smtable maienal compahble with uses described hefein 1nc1udmg, but not*hn’uted to plasnes
‘suchi; as| o]ycarbonate, meﬂwl me'tlmczylate, styrenaacrylommle acry]ic styrene,

3 amy!o tdle or any other plshc Where parts of Ihe present mvem:on a:e mthcated to be

- att together and fnrm a fluid tight seal any appropriate conventlonal méans of jommg

' ;t.he pans may be used mcludmg ‘but not limited to, adhesives, ulmasomc weldmg orRF

B

fwaldmg : ‘ : . S o :
[0087] The present invéntion has several advantages over cenmfhges whatuse cmventmml" e

< Latha) bowl; The Lathem bow in the UVAR® XTS™ sysiem ha,s oneifletporthatallows . L
. :l Whole blood 1o come mto t’ne bowl and one outlét pan that’ allows plasma and buffy coat to Lo :
i come qut: I-Iavmg only two ports limifs the volume of buffy. coat that can be coﬂected per R
5%, eyl [Bath cycle involves filling the bowl with whols blood; ) spinaing the bowi fo

O i;_,-s'gpsg.rae whole blood mto plasma, buffy coat, and red hlood ce]ls, 3) collectmg buffy coat for:
i ?. treaﬁne-nt, 4) bringing { ihe bowl 1o rem, and 5) fenn'n.nc colhc‘md plaslma and red b]ood cells
| 'I}gs buﬁ”y coat coﬂection method may be characterized as bemg “batc.h-lﬂcé’ e, volume
_ of ﬁuﬁy coat reqmred for irradiation treatment can only be collected aﬁer several cyclw of

o j; : -.bﬁfi‘y.',oal collection. The limited volurne of collected buﬂ’y cnat per cycfe:r&etﬂts ﬁ'om the _' "

e : SIS anchn'nﬂated rod blood cells remained inside the bowl, Thus the accm*nulated red bk‘ﬁd 03115 " o _
S I dxai can only be emptedaithe end of abufﬁ,; coat collection cycle i an mherent lmutahcn of Lo

) ] 'fhe bowl of the instant invertion has three separate ﬂmd condmts that canbe ngedas -
; ; port and two ouflet ports. “The additional fluid oondmtm allows for 1) reducepatient . -
" ; hent time by having continuous spinning during the entife. buﬁ'y coat acoliee'tlon process
_ .- viri;ﬁ.'rut havmg fo stop spinning the bow! for removal of accumiﬂated red blood cells; 2) frept.

: K smal] blood volume pauems by hav:ng coliected red blood celis retmnad jo paheuts
| _’: ccmn uuously, thase pa.tents may be more e.mnable 1o medical ueahnenis*reqmnng the yseof

|
(2 .
|
|

v
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L - the b coat or fractions thereof such as extracnrporeal photopheres:s 3) bstter separaton g
kS ..j .- of dlff em componmts of fractions of cells within the buffy coat due to the! .mcreased ‘
j f - spmsz or rotation time and.4) the ability to sepatate high dmsﬁy ned blooé cells: fracuons ‘_
e " fromi whn}e Blood. This centrifuge bow! also provides the opportumty for rqduced treatment
tme for any medical pmwdure requiring buffy coat fractions to be coliected from pahsnts ‘
» . i thathrg substantially free ofred blood cells, such as exira corporéal photoph\ares:s |
Loh e '_ _ {0089} To anlneve the ob;ects in accordance with the purposa of ﬂ:a pr%euf Jnventmn, as
i ,e;mbodled and broadly descr!be.d herein, FIGS. 35 and 36 deplct spemﬁc embodnnmts ofthe
e present invention. The cmbodu:nmt depicted in FIG. 35 comprises 8 ceninf{\ge bowl 104, )

. slemye pid 832A (FG: 46) of comeotion sesve S00A i seoured o bowl 10A. Upporseeve
end 83iA of connecnon slesve S00A is secured fo-external condmt ZOA, co?mecung t‘ne a
P | éxfef
’ o ZOA to bowl 10A. The fluid comnnuncations enables fluid 860 to be suppljed thmugh
e . extemal condmt ZOA to the bowl 10A. Similarly this fluid commumcmon&' falso enables
:.s-epérl 4d fuid comporients 810 and 820.9 be removed from bowl 104 frdugh exerna
= _@nﬂ 16704, Bowl 104 and frams 910A are adspited to be rotatéd around denter asis 11A.

1 [0090] Rsferring to FIG 36, bowl IBA comprises outer housing: EIBDA co:mechon sleave :

O SBDA top core ZOBA Eooltnm core 2014, and housing floor ISOA Outer housmg IOOA may
_ i | : he q:o sttucted of s amy suitable biocompatible material as prewously descnbai for the pupoke '
: : \ " of the: Luus-tratlon in FIG, 36 the outer housing 1004 is consnucted of ‘clear gplastic sothat

i ( " cores A and 201A § are visibie there through, Outer housing ltIOAxs attached to a hcrusmg '

: devxcé such a8 rotaﬁomﬁ device 900A. Bowl 10A i is preferably ',unphﬁed m construcﬁon and

N : G :_';; is easst 9. nmufacmm by moldmg or oﬂrer known manufactunng processes such that it may

| ba disposab]e or used for ahmxted nuraber of treatments, and is most preferably capahle of ¢

contmnmg about 125 ml of fluid, such fluid possrnly being pméunzad Inaltemanve _
: ‘: mbmhments, the volume capacity of the bowl may vary dependmg upon ﬂae health of the- .

- patgmt and his or her all owable extracorporesl volume. The vqume capamty of 1hie bowl:

. mav glso’ vazy depmd.mg upon the use of the bowl or the pa:tc'dlat treatmmt for which the "

: | b.'oivl xmhzed Addmona}ly to avoid contamination of ‘moiogmal ﬂmds, or exposme of
i - pe#so involved m the processmg operation fo 1he fluids, the transfer Opemons e

EE E U 5 BN

S |

; . 'condm assemhly 86DA, frame 910A and stationary réstraint 918A The caimfuge bowl lﬂA; o
i it ¢ fidid communications with external conduit 20A of conduit ‘assembly 860A Lower C

condmt 20A tor ‘bow! 10A and prowdmg fluid comnmmcanons ﬁfom external condmt. g :

bR ﬂocr A, which in turn comprises protrusions 150A for Jockmg bowl lnA iito-a mtaﬁcmalf .




A

e :preferably camed out wtﬂun a sealed flow system¢ possibly pressm:tzed preferably foxmed of
G ﬁexshle plasnc of sim:lar matenal which can be disposed of after each use i ' '
L [0091] Asi is ﬂlusirated in FIGS. 36 and 57, the outer housing IOD*A is substahtxal!y comca]

Jbaving n upper housmg end- 1104, an outer housing wall 1204 qhd a iowhousmg end
'. ._ orany m‘her suitable material. Upper housmg end 1104 has a outer an'face 1103 inner

s ;fthe uppa‘ housmg w:ll also have aneck 115A formed about the hbusmg outlet 700A. The
' housmg outlet T00A and neck 115A are sized 1o ailow body 830A of the oomect:cn gleeve -

N . A
B (e e R e e LTS L

— e
.

s - bei ms i ed between The sleeve flange 790A and inner surface 110C‘ ofithe h&usmg end 1104

‘ -1.-; illustrated in FIG 53 asacond sleeve flange 7908 ‘extends fromﬁe bodySSOA of cozmecnon‘
‘L sleeve SDBB dxstal to the slegve flange 790A. Both sleeve ﬂﬂngF 790A ami 7908 belng

: xd tofit within neck 115A. and retain o-ring 7914 therebehk'eeu. A ﬂuid tlght seal ig

L px‘oyi"'ed in this. embodxment by the o-nng contacting body SSBA :md erer*smfane 110Cof

: " secured 1o bowl 10A by any suitable means, including for example a hp, oove Q1 tght at -

S anq ac_heswe w:th '8 component -of bowl 18A. The outer hcrusmg waﬂ Jem the uppe.rhousmg

K Da end 1 ll)A and gowar nowng eid 1994, Lower housing end WGA 19 aﬁa 0" shousmg
25 -_-':-:: . .; ﬂoor 180A of greater diameter than upper end 110A. Housmg ﬁoor IsﬂA*as adapted fo mate

e '.._. meank may bé used t6 secure the lower housing end 1904 to thé housmg qeor ISOA,
o mclu g but not hwted to, adhesives, ultrasonic welding or RF welding; JHousm,g floor -

[ R )

- housmg 1004 i mcreases from upper housing end 110A to: luwet housmg end 190A
i [0093} Onter housing 1004 is adapted to rotatably connect to a robaﬁonal device’ 900 (FIG
| 35) $uch as for examp}e, a rotor drive systemi or a rotating bracket 910 The rottable

hous g lﬁuA preferably has a locking menhamsm The ionkmg mechamsm may be one.or

S ‘._z
A
j

!

!

i 's‘
H .. A}
i

+ ER
N
b

: -IDDAJ_ Duter housmg moA may be made of plastic (such as thosé plashcs hﬁte& prevxously), N
L ‘: ‘surface 1100 and housing outlef 700A providmg 4 passage bewem sald supfaces Preferably S
S 5004&1.*: pass thmugh while retaining sleeve flange 7904, which exiaﬁds ﬁ'Jm the body 830&_' c
SRS of c0 i ection slaeve S00A. In one embodunent of the present’ mvantmn an o—nng 791A may B

o ems, e a fluid ught seal is provided. In an alemative emhodment ef the‘present invention .
. the ho using: end 110A° adj aventt to the neck 138A. However, connectwn sleew SD0A: can be | :

" ti"-(, . 5 7-_ wnh t}me lower housing end 1904 and provide & fuid tight séal ﬂlerethh Any crmvent:onn! "

180 \ mdy have an mdentmwn 185A. that is used to collect dechr flizid 810 The: drameter of

i _fon may, for example ‘be & bearing that allows free rotnmon of bowl 10A. Outar o

more* prcimsmns ISOA desxgned to interact with oorrapondmg indentauons ina. cenmfuge .

1
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- .:comamer or: any other suitable mterconnect or locking mechamsm or equmﬂent lmown in tha .
. _',art The locldng mechanism may also comprise s key slot 160 (FIG 51) 3 '
' =[0093} eferrmg to FIG. 37, outer housmg 109A and the base 180A deﬁne an interior -

‘ 'volume 710A in which cores 200A and 201A will fit when bowl 1l}A zs assemblecL When

| Ffully as embled cores 2004 and 2014 are fully within interlor volume 710A of outer

,'-._:ho ] '_l IDBA, occtlpymg a coa:ual volume ofmienor volume 710A about :ms I.IA

: -[0094] ._"efemng 10 FIGS 38, 40 and 44, the top core 200A and bottom corq 201A are

N -8 sub 1 lly comcal and ‘respectively have upper core ends. ZDSA ZGSA, outer core walls
e N . ZIUA,- IIA and lower core ends 2958A, 296A. The cores 200A, Zl}lA occupy coamal

| ) vnlum of interior valtme 7104 of bowl IDA and fonmng 3eparabon volume Z?.OA between
#( K i ;uppar d 205A and outer wali 210A of top core 200A and outer wall 211A gnd’ lower core’ |
L% § . enil 2966f bottom core 201A and outer housing 1004, Separanon volume 2204 i that -
A o space'_ £ interior volume 710A that is between cores 200A and 201A ﬁnd outer hotsirig 100A.. -
[0095] 'As depicted szgures 40 and 41 top ¢ore 200A compnsés upper oore end ZBSA anda

{l

St AR e e e e s

2 e i
O

'_ of top core ZDOA preferably increases t‘rom upper ‘core #and 205A. ifo lower core end © -

Upper core md 205A also comprises an outer surface 2058 adld wr mner surface A

;- 20 | Ceniraﬂy Iocated about center axis and extending pexpendmu!aﬂy from the uppe:r S
: e : zosB:s lumen conhector 481A. Lumen connastor 481A has“a top. sm'Eace A28 amd -
s wai surr.we 4828, Top surface 4524 has two passages 3!!3!5 .s.md 325!) ﬂm nrowde fluid "

S cormn wucatlons thtough the upper cote end 205A with second bowi channel 410A and first :
L " . bowl. khannal 420A respechvely Second bowl chapnel 410A xg a condurt’th:a;t hes s conduit. - 5
e : wa]l stA that extends perpmdmularly from the inter smface 481(3 of lumen connector . SE

l.-

s " (00081 As showh o \FIGS, 398, 39A end 40, second bow channel aip hzfs fid
. ‘co."iz-:r‘mnncauon with conduit chanrie] 7604 through conduit 321A havmga first end 321‘3
Vf and 3-gecond end 321(': thni is adapted to fit i jnto passage SZSD of lumeu comwctor A81A, In _
.sée.jr'mon conduit charmel 760A of external conduit 20A. has ﬂmd connnumcahen with bcwi'
e chmnel 410A. First. ‘bowl chanmel 420A is a second wndun: ﬂ:la'c has 2 chﬁnnel wall 401A '
: . ﬁmt axtends substaunally perpendicularly from mner surface 481C of the Iuman cormectnr ‘. -
| 481A As shown in’ FIGS 39A, 39B and 40, first bowl channel 420A ha§ fuid = '
‘ o @mmucahon w;th condmt channel 780A of external condmt 2DA thmugh hollow cylmder S

©o
o
-
e
L

"
._ 3-.

-
T e A g



Y L 322A ng a first endszzn and & second end 322C adaptedto ﬁt opemng 3033 top surface :

- _'_482A As'is illusirated in one embodiment of the presént inventidn, “«econd bowl channel
: '-._410&13 ‘_‘sposed withln first bowl channel 4204, In an alternaiwe embodm:@t of the

: ...j."-'present' : venﬁon zllustra,ted in FIG. 83, conduit wall 325A may be composed of upper part 5
: '_,,3251“ ld lower part SZSG and be fused with channel walls 401A and 402A

- i [W?]ﬂljl‘op surfane 4834 aiso has indemtation 483A which: prcvndias ﬂud -.ammumcat:ons

| ' ; "mth ¢h4mber T4BA, When assermbled, chamber T40A is defined by lumen mounnng racess
. l{--' 5 '}&SIA l g ﬂxe volums occupied by hollow cyhmiers 321A and 322A m the eonnectxou
RN Jxmctm of aonnecnon sleeve 500A and lumen commector 4814, Chnmber ‘MOA hais fliid -
B . ; comm_ 'catxon wﬁh conduit channel 7704 and with separation volume zznA néar neck

{115A ﬂuough mdentanon 483A 'I‘hus mdmm:imn 483A forms apassageway for tha rernuval 7'

-l

S A

i
L
i
BT )
i
M
-

c,onneTor 481A and he adaptad 10 form chamber 7408 when connected to aomlecnon sleeve o
: SO0k |
: fthh tho tuale end $S3A of the comsection sleeve S0A (male end 883 A sifoutids end 861 of |
E ‘ extgm%ﬂ condmt 20.:\) To facilitate the correct orientation of the comectmh sloeve S00A .. |
Imen connector 481A the shape of the male end 853A =nd J:hamber 7-“01! msy be:

. ~_ .',- etrical or as is 1Ilustmtad in FIGS 53 54 and 55 & gmde BSSA may be provided -

éxtends from the top surfage of the lutnen conmector 48141 and is adapted to. fit within
-':‘:--ap:qﬁiag $57A of the slgeve flange T90A, A o
o 10099] Refemng Back to-Figures 40, the lower core end 2954 wmpnsm ah upper plats 299A o
L havm a top suxface 298A. 8 boﬁaom snrface 2974, and an edge 29913 ﬂiatzattanhas and makes

T ey

50 | fohﬁ a fluid tight ¢ seal therewzth Extending perpendicularly frmm ﬂte top wrihce 258A of
o upﬁé,r p]ate 299A isa channel wall 4024, havmg an upper end 4023 and a 10wer end 4020

31 : { e

u‘E‘.H!“ Chmbpr74onlsadnntedwhavsoneormoresurthces‘l-i:mthatcanmate CL o

o upp: fplaie ZQQA is adapted o be Jomed with lower edge 21011 of outer wre Wall ZIOA and IR
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| and sun unds oopening 3A which is substantially in the center of upper plafe 299A A

- number bf firs 4034, atiached to the ouside surface of chanmel. well 402 anﬂ top strface

o i 293A s 'ppor!s tumen wall 4024. . The channel wall 4024 is adapied to mafe with channel
- Viall 401A forming a fluid tight seal and providing lumen 400A. First bow! channel 4204 is

3zzA ) emng 303A provides fluid commumications from’ lumen squ to separanon
'volume . z{lA ag will be further dtscussed First bow! channel 42ﬂA also snrmunds second
,.:,e114IDA, : L - -; -

i 'jcora en ] ZBEA, & Outsr core wall 211A and a lower core end 296A The outdr core wall

Bottom core 201A aso: has a top surface 309A and 2 bottom surftwe 309B.. ‘I‘op surface
309Ai'as an mdeniauon 186A (preferably generally circular) substant:al in the center of the
© Surfacy 309A of the, upper core entd 206A. The indentation ISGA'has m uppm' sm‘ace 186B
j euamfaw 186C Tbe -upper surface 1858 of fma mdentaﬁon 186A has there:m an

s t. may ve ant evén depth through out the length of the chaxmel 3;05A Howwea' channel
i b SDSAI may slepe doma.rd or upwa:d redially from the center.. Gne skﬂled in the art. WOuld
_ see that 1f' top surfaoe 3094 slnp&s upward or downward and channd 305A has a constant =
- dep then channel 305A slopes upward or downward acoordmgly . ‘ ' '
- [001 1] - Refezrmgto Figures 38, the bottom surface 297A ofuppemlate 299A isin -
b du'e contact w:th the top surface area 309A of bottom core ZﬂlA when wmpletely

R

e i

LR PR

f
1
S

.m ﬂmd ommunications with conduit cbannel 780A of ex'temal condm’f 204 i}uough condmt- B

Referring o Figures 43A, 43B and 44, bottcm core zom compnges an upper RN

. -ZILS. havi.ug ah outer surfaw 2118, an itmer wall 211C and lowér edga 211%1 ‘I‘he diameter @
of bett mcore 201A preferably increases from upper core ‘end ZDGA to luwer core. end 296A."

bled This comact forms 2 Auid tight ses! between the: two surface areas fonmng am
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" opeiiy 305B from the indentafon 186A fo chanicl 30SA. A semnd opaning 308C from
o 'chaxm 305A 13 formed in the outer surface 211B of outer core wall leA The opemng

: 5.-30513 rovides fluid commmncahons from indentation 186A thrOuQ: channqal 305A and
. B opamn 305C 1o separatmn volume 220A (FIGS. 38 and 40) 'Ihus ﬂmd 300 ﬂaws through
. ' ,condmrchmmai 780A and subsequently passes through first buwl channel 420A From ﬁ:st )
N bowl chiannel 4204, ﬂmd 800 then goes to through channel aﬂSA o the separaﬁon volume '
Er .I;:..zzm R -
) _-:'{0010 ,'] Refemng to Figures 43A and 44 the lower cote end 296A has a Iower plate
f ) :'from e bottom surfaﬂe 3D0C of the lower plate 300 are one or more proimsmns 301A. The
: outat ge 300D is adapted 1o be attached to the lower edge 211D of the: outer core wall :

o 211A : dprov:de afluid ught seal therewith. Positioned above honsmg ﬂoor ISOA, lowar
e ‘plate ,

hich has atop.; m:rface 300B, a bottom surface 300C and| outer edge@ﬂﬂl) Extendmg ‘

J0A. 5 citcular.and curves upward radially from its center (illustmted in FIG. 44). -

. : Almlhvely, Tower. plate 300A czn be flat. As shown in FIG 38 whm pos:honed above
G . :.housmL ﬂoor 1804, a volume 220C exists between lower plata SODA and housmg floor
5 a ISOA ‘I‘h:s volume 230C is in fuid communication with separa’aon volume ZZOA Lower

& may be made of plasﬁc or anv other suitable matenal Adﬂmonhlly, axtendmg

E subgtmuaﬂy perpauimulaﬂy from the lower surface 300C of]oWer pIa,te 3GBA is g conduit

A

'_ _320A Condmt 320A has a first end 3208 that extends info the space 2200 between lower
L plate 3 A md housmg floor 180A and a second end 320C that Efs‘tﬁﬂds abﬂve the fOP surfice
i -’":_ . _"lsnuB of 1ower plate 300A. The diameter of conduit 320Ais adabted 10 ha"’B a “ght fit W‘th
i ) cond tWaH end 324]3 The volume inside conduit walls 324A and 325A cempnsa 3 lum&ﬂ
. E 4011}3-{[ The volurmeé défined by lower plate 3004, inver surface 21 1C, aid: “ﬂmg 2834 °f
e '-botto core 2014, exdluding second bowl channe] 4104, ma}’ compnse °f‘m or 3 solid

{Soe FIGS, 43B and 44),

SR [0010 ]©  Inan altemanve embodiment of the present mvennon as ﬂlustrated in FIG 53
: _ suppoft walls 405A and 407 A-may be optionally present. Suppon wall 405:\ extends )
L perpe 1cula.r]y from bottom surface 309B. Support wall 407A e\:tends parpendiculaﬂy from g
‘thesto '
: bofto'.  core 201A ; is assarnbled Conduit wall 324A may be corhnected o cmndu;t 3204 o
form‘ ﬂmd tight seal and condmts 324A, 320A may be fused respectwely*\mth supports
; ,Wﬂils

surfaoe 3008 of lower plate 300A and connests with support Twall 405A when the

,DSA and 407A. Addmonally present extending from ﬁmbottdm sui’face 300(2 of -
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: o -:lqw;bf-'p.]a_ie 300A are one &r more orientation spacers 4094 that matew:ﬂ:iﬂ incfentation L
‘:.;:;‘iss;a- y - . | » -‘.- { .
0 [00104]  Aswillbe readﬂy apparent to one of ordmary sk:]l i e e the bcrwl 10A
A | _.wﬂl néed to ba balanced about center axis 114. Accordmg.ly, we:ghts may%e added as pan
of the. demce &8 is appmpnata to farilitate the balancmg of the bpw] IOA stidl as Wexght
dER 'iﬁgmsls lfustatod i FIG 53, BT o
: __ i f:'{ {(mos] Referring 16 FIG, 38, bow! 10A is adapted 50 thatouter housmg 100A, cores o :
D oA zom lower plate 3004 and upper plats 2994, hoviidg floor qu, extemal o
. coridﬁ ts 20A and comechon sleeve 500A, and lumens 400A anfi 4001! arain oonnecuon and
rotate_,tngeiher Housmg fioor 18DA of outer housing 160A compnses recesm 181A onifs '.
kS g > and these recesses are shaped to fit protrusion 301A of Iower plate 300A ‘As
| _7: sho T Iower plnte SOOA has round prctmslon 301A onits bottorn surface 5000 to véstiict
‘ L 'mo"}.r , : ant of lower piate 300A with, respect to-housing ﬂoor 180.& When assmnbled each
.. ._smgle protrusion 301A on the bottom surface of lower plate SDGA forms a%lght fit with
o 181A on housmg ﬂoor 180A, Thus, when outer housing | ‘100A is rotated extemal
E ) conld'_ it ZOA and oonneﬁhon slegve SD0A, top core 2004, upper plate 299A, bottom core
hgd [ lower plate 3DOA, housmg floor 1snA, and lutmens doﬂA and 4001! wlll totate: N

" topisur

_ [061(46] o As 1llnsttated in FIG 38 lumen 400A allows Whale bload 890 to come mto L

" bos LIDA via afirst, bowl channel 420A. -First-bow] channel 420A pmwdes apasmgeway for

,mﬂo ‘” of ﬂmd 800 throunh fumen 400A to Indention 1864 md fmmto tha separanon volume e

T zzo | throuigh channel 305A,  Lumen 4004 is ocsted inside sz cofe200A: Limen 4004

\{ . height from upper Jurnen end 480A: and lower lumsn end KOZC Luxmm d00Ais
Lol by the connegtion’of channel wall 4014 extending frokn ths inves susface 481C of

_3?; lum connector 481A and channel well 402A extendmg from 'ihe top surface 2.98.4. of upper "'.1_

HRTR W L Y

i

o to T.he mner wail surface 210C ‘of the outer core-wall 210A and mner su.rEaIt:e ZDSC of the 5
upp core gnd ZOSA, and channel wall 402A is supported by z plurahty of fins 403A (FIG '
" .40): 1t can readily be-seen that height of lumen 400A can be adgusted by changing the sizes.
) and Ihapes of core 2DOA, channel wall 4014, chasine] wall 402A, condmtwall 3284, and ﬂm' <
. hel "_ofcondunwanma | P o
: [001})7] As 1Hus!m1:ed in FIG. 33, lumen 40DA, from upper hﬂnen aﬂd 430A o lower T
g end 402(2 ancloses an inner Iumen 400B, Lower lumen end 402(2 has an opemng

- . ‘.'

e T e
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T 303A Mnch isin ﬂmd comnnnucatxon with separation volure, 220A ﬁrou@ anumber of

: chann e} 305 A, In the lﬂus'tratad emboditnent lumen 400A oompnsas ﬁrst bowl chiannel.

"“420A Seoond bowl: channel 410Ais Jocated msnie first bowl dtanml 420A of the top cote - )
s 200A

304D |

Xean

i .
I

'is enclosed therem from humen end 480A sad'to Iumed 402C qu{hezmore, '

i second bowi clmnnel 410& forms a passageway through lumen 4(1011 fmm be]ow lower plate :
S 3GDA ]
"”’*-msA of housing floor 180A. Second bowd chammel 4104 extends from how:mg floor 180A -

housmg 100A ‘through lumen 4003 and to conduit. channel 760A of extemal condurt '

; '.[Ol.)ilﬂ ] RefemngFigure 38 (shown w:thout condult 321C) innir !umen 4DDB allows o

. ) '-?;red bl_' d ceus 810 o éxit bow! 10A via 2 second bow! channe] 410A ﬂm gxowdes fid-

1 - _:;:__cormn " patxon from the -housing floor above indentation 1854 to 0pemng §'Z4E Inner
” _ g .,]umm ' EBB hias an upper conduit end 325C and 2 lower conduit end 32413 and compnses ‘-

_ : 0 ,dutt walls 324A and 325A which are connected in a ﬂu.ld ﬁght manner and form B

' 'sscon _ bowl cha:mel 4104 that has 3 smaller dxmneter then and i 19 saparate and d1stmct from

P .;'.ﬁrst dwl channet 420A. Conduit wall 325A Js sipported by a fn 2514 thar extenis throughy

- changl wall 401A and sitaches to conduit wall 326A. Unlike hemen 400A which Has one

eod! ‘nera:r mdentatmn ISGA lumen 4608 exteuds beyond mdentanon mGA arui through
d bottomn, pl‘ate SOGA The ﬁrst conduit wall 325A has an upper end 325C thmh has n .

:,'ffopmur 4 325D on, the t0p swface 482A of lumen conector 481A and aiower end 325B

2 hav;mg a1 opemng 325E adapted to fit tightly with.upper end 323(3 of condmt wall 324A

- Uppen'ead 324C of eondmt wall 324A is higher than mdmmnori 1861& and#has an opcnmg S

Condun; wall 324A also has end lower end 324B and i is suppbrted hy aplurahty of -

L fing 252A Lower.enil 324B havirig opening 325K is adapted 16 conbect tq condui 3204 -

- :."'-havmp opening 302A jocated near the center of lower plate SGGA The connecnon of "

. opem:

_if'--'zzi.'iA '

L [oom

T ﬂ:e removal ef 2 first separated fluid mmpment 810 :hat gathers m imientauon

i
I
)

gs 325K and 302A provids fluid communication bstweeri lumen 4003 and the space
betWeen Iower plate 3004 snd housing floor 1804, The space 2200 between Tower

3%

N N B

A

}_OGA and hqusmg ﬂpor 180A in furn has fluid commumcaﬁon Swith s}aparaﬁon volume®

: ] ', Condult 320A provides a Ught fit with Tower emi 3243, pmvxdmg support for
L seconﬂ bowl clwnnel 410A, Each bowl channe] 4204 md 410A may be made ofanyiype of -
le. or ngrd tubmg (sch 23 medical tubing) or other such devlca pmwdmg & sealed '

s T
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| ﬁaésag:ev(ay, possibly for pressunzed or unpressunzed fluid flow, and wh:ch pmferzbly oan o
s ,15_&-&@0 able and stznhzabie, i.., of simple and efficient. manufacture y :

. 1. Dnve Tube

S e A e e e fe e i
el e e

o (oouo] © Asillustrted in FIGS. 39A ind 395, conduit assemblyswA is stadhed 1o
bowl IOA via connectlon sleeve S00A which i is attached onto the ﬂrst end SEiA of - exterral
ik comimt ROA havmg 2 ﬁrst conduit channe] 78GA, a second condmt chmme} 759A and & ﬂmd
-"-,: .‘ condmt Fummal 770A. Each conduit chamnel has fluid comxmnncanoti Wlﬂl a first bowl.

L .channel 420A, a second bowl channel 410A and 8 bowl chamber. 740A The three conduxt
£ ;cbannels are equally spaced 120° gpart and equal in diameter in extemnl conduit 20A (See

I '-FIG 5 . When ﬂmdly connect to external conduit 20A and bowl 10A condmt channel
" :TSQA is ﬁmdly connected with first bowl chmmai 4204 for mﬂowmg fluid: 500 from external -
= : condurt fwA inio bowl 10A for separation. - S:mﬂarly, second condmt ehannel 760A fluidly -
':- I to second bowl channel 4104, for removing Hrst separated ﬂuid oolnponent 810
ﬁﬁom w1 10A info exterrial conduit 20A. Finally, third conduit nhmmel DA connedts to-
nber 740A for ramovmg second sepatated fluid compoﬁent 820 ﬁwom Sowl IOA
o [00111‘ _ Asi is, ﬂlustrated in FIG. 45, external conduit 204 ha-; 8 connecﬂon sleeve -
p i :_ 'n the first end-861A. and m anchor sleeve 870A on 1he second en:l 862A of extemal
Cod kb conduit 20A. Optlonany present between the connection sleeve SGOA and ﬂ:e anchor Qleeve N
i - 870A o extemal condmt 20A are a first shoulder 882 md a seotmd sbouldér 884 wlnch N

-mﬁ perpandu,ulm‘y froma the extemal conduit 20A end are of alamet d.xameter Bétween "

S  : the connectxon sleeve SO&A and anchor sleeve 870A (or if P’Wem‘ the ﬁm é"d second

'\

& shoulder 882 384) are & first and second beanng rings 871A and 872A. Ememal conduit
: '_- 20A, &nchor sleeve’ 8704, and- comiectmn sleeve may be: prepared ftom tha same or different -
bloco anbla matenals of suitable strenpth and ﬂeﬂbxhty for use m ﬂus t}}pe of tubmg ina-

| anch. T sleeve 870A be overmolded to the emernal conduit zﬂA .
[90112] Refemng 6 FIGS. 45, 48 and 49 anchor sleeve 870A compns&c 8 body 8778

) '-.‘:] havuLg aﬂ:st anchor end 873A and second anchor end 874A Anchor sleeve 870A iz ,
fac second condmt end 8624 of external conduit 20A (prdembly hy avermoldmg) o

2
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s second d 874A is acollar 886.4, which extends perpend:cmaﬂy from body 37’713 a.nd ofa
¢ larger dipmeter than the body 778 ofthe anchor sleevo 3704, A piurality of zibs 8774
‘_'havmg g ﬁrst 1ib end $778B betwesn the collar 886A and second thm end 8!13A and 2
: :second b end 877C extending beyond the first anchor end 8734 m attache& 1o the body
,' 8 37m second nb mds 877C are joined together by a ring SSOA, “d'nch !’s almattached
w.gi W m condl.ut ZOA The ribs $77A yun paralle] to the axtemal sondmt ZBA and are.
‘ prefera ly placed over the region where conduit channels 760A, ‘7?70A and 7§0A are closest L
" tote siyfice of the extemal conduit 20A (FIG S0). Tho regions| whese the gonduit chanrls
760A, '70A and 789A are clasest to the outside diameter of extemal condmta 20A unless :

.?:;'Stress t ﬁae anchor sleave STOAL Co U
N (! o Connectmn sleeve S00A comprises body 8304 havmg an upéer slesve end -
: ', , lower sleeve end 832A (FIGS 46 and 47). Lower sleeve end BSZJA has sleeve

3 ﬂange" 190A and a plurahty of. protrusxons 843A, which ate sxzed fo engage; ﬂndmtanons -
MA ' the wall surface 482 Aof lumen comector 481A. When the’ bowl IBA is'assembled,
¥ _;'a ﬂ:,nd u@: sea! may be prov;ded by placing o-nng T91A aromd body 830A and - '
; . comp_ smg the o-nng 791A. between flange 790A and bousing: IGDA Uprper sleeve end-

o 831A l_'_ anapteawhe secured to exiernal conduit 204, Refernﬂg e} FTG 46 39A and 39]3
EE ; co, ' 5 ' _on sleeve SOGA is secured to bowl 10A by means of sleeve ﬂange 790A and 3

£ '- ‘ adapwd 10 ﬂmdly connect conduit channels 7804, 7604, 770A bf extemal condmt 204 to

2 bowd asels 420A snd 4104, and chamber 740A of bowl 104, Whet assemmbled,

. ’l '.‘: comle r:uon sleeve SﬂﬁA is mounted to lumen connector 481A (FIGS 39A =and 39B).

= [001 4]- Connect:on sleeve 500A preferably inereases mdwmster frnm upper: slaeve

g md IA to lower slceve end 832A and is overmolded to-first c«ondmt end 861A of external -
condr.tt mA Connecnon steeve S00A connects bowl 10A to eXtemal condmt 20A Wﬂhoﬂt :
. s Totatable seal whmh would oﬂlemqse nonnallv be Iocated between bowl 104 and .

com on sleeva SOOA The seal-less connection between bowl IOA and mnnecnon sleeve-_ =
500 may ocCur s explazned above of altsmanvely through use of, for eaample ad O-ring,
groove, or lip, gronnhstvtype ponnection, welding, or'2 ight- ﬁt w1ﬂ1 or wmout adheswa in:

S enhgr bowl ioA or connecuon gleave SODA. ' o “'!

i. G !
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E v ,-:.-_ {0011L| ﬂlustrated in F1guxe 46 and 39B, slesve ﬂangd 790A has % hottom surface |
BT S47A That contacts with top surface 482 of lumen connector 481A fonmng 2 tlght seal.
S | "’"Howslver Jumen’ colmector 481A has 2 plurality of indentation 433A that ptowdes for Auid. :
L - ' commumcanon befween separation chamber 220A and bowl chamber 740A, wh:ch, in.turn
. '. S has fld:d ccmmmuc&uon with conduit channel 7704, Bowl oha.mber ‘?40A, lig defined by

o __ lmnen mountmg recess 8514 and top surface 4824 of lumen oonnector 48&., excludmg the .
ﬁ_ :spate ?cwpled by hollow cylinders 321A and3224. A plurality of protmspns B43A onthe _
.. ba iy siface 347A. of sleeve flange 790A engages and slides mto mdemanons 484A on ﬂae
. : wau gurfnce 4828 of lumen connestor 4814, thus providing. aught ﬁt i
. _'(boli ' Conneman sleeve. 500A helps fo securs external condmt 204 to bowl 104,
- '_-zhus ﬂixdly commecting externsl conduit 204 o bowl 10A. This ﬂuid connqcnon ensbles -
" '1uid 80 fo be supplied through exteml condist 204 to bowl 104 Snmlarly, thisfluid
' :';.:wnn tmn a]so enables separated fhiid components b, 820 to be .renmved fmm bowl 10A
Ihrobigh extemal conduii 204, - IR S
‘I_-[G'ﬂilﬂ E:temai conduit 20A has an apprommectely oonstant dmmetex whmh helps to
R - ";edu | the ngldxty An excessively rigid external conduit 204 wﬂl heat up and ail more
%qutkl Addmonally, a constant diameter conduit is cheapf'easy ‘1 mmmfacture, a!lows easy |
;o expe enmuon with cpnnection sleeve $00A and anchor sleeve 1870A smes, and allows
f_::'beafm rmgs 8714, 872A to be easily slid thereon, Preferably ths movemept of bearings
N *‘_svm sud §72A will be Constrained by first and second shoulders 8824 andeSdA External
aond ZUA may be' made of any type of flexible tubing (such as medwal tubmg) orother
:p such d Ice prowdmg a sealed passageway for the flow of ﬂmiﬂ,‘ whmh ma.y be Pfeﬂsm‘i 3
g ':.::.: mto Orlout of areservo!r ofany sort, and which preferably can b’— dEWSﬁHE and m‘ﬂmble

ﬁ

]I Permment Tower Systsm

sy T AR

SRS - é .

- {00118} o FIG 1'7 illustrates tower system 201)0 Tower system 2000 xs t‘ha permanent
(e, m n-dlsposable) piece of hardware that receives the various, demes of; photopherems kit
1000 ich 2s, cassefte’ 1100, madmnon chamber 700, and cenmﬁige bowl 10 (FIG 1)

3 " 'Tow sysfem 2000 performs the valvmg, pumping, and overall control and' drive.of ﬂmd
fl'ﬂow ﬁ&rough dlsposable photopheresis kit 1000, Tower system 2,000 perfoms all ofﬂle

‘ ; "_i:neccss contml funct:on svtomatically through the use of a properly ptogrammed .

.", - .'TL ' comm er, for example a processor or IC oircuit, coupled to al of the neceSSBry mmponmts

£, Wailefanew disposable kit mustbe discarded afer each photophemns rherapy session, tower:

'-I
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| '. , . :syste 2000 15 uged over and over.again, Tower System 2000 cqnbe mochﬁed 10 perform 3 )

IR numb r of extracorporeal blood circuit treaiments, for exariple aphBreSls by properly
T pmgrafmmng the controller oz by changing some of it cumponems -
o 'le 1 Tower system 2000 has 2 housing ha;vmg an uppe: porhon 23100 aﬂﬂ a base

i
g pomo 2200 Basepomonzmﬂhasatop 2201 and abottorrlzzoz WheelleBSare
i

L :‘ﬁ'p;ow od 2t or neer the bottom 2262 of base portion 3266 50 Jﬂat toWar syswm 2000 is mobile )
L '_.-zmd can easxly be moved from room 1o room in ahospltal set'tmg meerabiv the ﬁont ‘ .
. \ahee1§ 2203 are. pwctable about a vertical axis to allow ease in steenng and maneuvenng

e ;_ . & tower.i‘ yswm 2000 Top 2201 of base portion 2200 has 3 fop surface 2204 having control - B _
27 dack 1200, best ilustrated in FIG. 22, builttheretn (ses FIG.22)! 1nFIG, 131 cassette 110045
, 'lo.a: 4 onto. control deck 1200. Base portion 2200 also hag hooks (not ﬂlusﬂ:ated) orother . -

oo .

B connectors to h.ang plasma collar:txon bag 51 and treatment bag’ 50 ﬂaeret‘rom Such honks
'fl can b located anywhere on tower system 2000 so long as thexr posmoning ‘does 1ot mterfere o
L vnth e funcuonmg of the system during therapy. Base pomon 2200'hag phowsctvanon o
i chambsr 750 (FIG 18) located behind door 751. Additional hoeks (not ﬂlustrated) are
) :" _pmmc ed on tower system 2000 for hanging saline and anucoagulmn bags ,Preferably, thase
e hbéks are located on upper port:on 2100 ; PRI :j- .
. I . [0(!-12@]‘ - Photoactwat:on chamber 750 (FIG. 18) is prowdéd in: 'uase poruon 2200 of
57 . tovieilsystem 2000 betwsen top 2201 and bottom 2202 behind door 751, Door 781s
) '. I:ungeily connected to base pomon 2200 and is prov:ded for acc&:s to. phoﬁoacuvaﬁon '
chambsr 750 and to a!low the operator to close photoactivation chamber ’750 50 thiat UV hght o
does not. eacape into. the surmounding during treaimmt Recess 752 is provxded to allow thbes -

U5 1131117 (G, 1) 6 passinto photoscivation chamber 750 when fradidtion chamber 700

En s !;oa:led and when' door 781 is closed. The phomas:hvanon chamber 1s dJSOUSSed in detaxl S

i bg;;pvrmm respect 16FIGS. 16 and 18, DR SR &

L [0:611 1} Upper pomon 2100 is Iocaled atnp base portion 2200 Cemmfuge chamber

‘.l 21!}1 (F1G. 19} is Iocated in upper portion 2108 behind oentnfuga chambet door 2102,

“ : Ceinttﬂhge chamber door 2102 has s3-window 2103 so an operator car see m centnfuge _
. chmqber 2101 snd mﬂnltor for any problems Wmdow 21031 is} constmcted with glass thxck f

énbiigh to mthstand ay: forces that may bs exerted on it from én aemdent dunng '

‘ centnfuganon which, can rotate the centrifuge bowl at speeds greater than 4800 RPMS

5 prefémmv indoww 2103 is constnicted of shatter-proof glass, -Doot 2102 is hingedly

e »cc:;n:‘;Fcted © upper pomon 2100 and has an automatic lockmg rnechamsm thnt iy achvaied hy :
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s the syste.m controller dunng system operation. Cenmfuge chamber 2101 s cfxscusaed beIow

;m moreﬂatallwrthrwpecttoFIG 15. _ : ‘ 3 3

!

R TIE L ERE KPCHVITS WX T

‘ pomon 20!) near the rear of tower system 2000, This allows the oparator easy accesy to
g : controL
> e 2101 y demgmng towar system 2000 to have the centrifuge chamber 2101 in'the upper

» portmnlzlﬁﬂ ond: havmg the photoactivation chamber 750 and deck 1200 in base portion

. E '_ 2200, an upright conﬁgurahon i achieved, As such, system tuwer 2000 hasla mduc.ed

el 2 PR PEETEMY ot

e 1 S e b

Ui ( sysbam towar 2000 remaing below sixty inches 56 fhat one vicw 1s not obstmcted whsn

D g
5

_ * : o tmnspc rtmg the machine around the hospital form the resr. Adds,*uonaﬂy, havmg deck 1200 ‘

‘ ‘ i) rly honzon!nl posmon wﬁl provide the operator witha place to et dewces of

SR pho:lj(ner&cls kit 1000 durmg the loading of other devices, famhtaﬁng easyiloadmg Tower
’ system 2000 is. rchust enough to withstand forcaa and vibrations bmught on] by the
: ';a;qﬁfagaﬁon process. ' . S

T A R e

g mewLng port 2001 is; prowded to slidably receive data cafd 1195 w‘hmh it supphed with

. ";:_ aaqh t}lsposable photopheresm kit 1600 (FIG. 1}. As merruonad above dath catd 1195 can be '
o pre-pl rogzatnmed. fo store serve & variety of dafa to. supply to the syﬁmn cohh‘ollcr of tower e

‘ L sys‘t ; 2000 For exampla data card 1195 can be pmgrammed to reiay mformanon so that

the jood. drive eqmpment into which i1 is being loaded; (2). that ﬂne phompheresls kit i3

;. and ircuitry to both ‘read data from, and write data to, data card 1195, Preferably data catd

s can mclude for smnpls collestion times, collection voiumes treamamtnmes yolumetric

o

bt et e D i

- {0012»]! Preferahly, deck 1200 is located on top surface 2204 oF hasa partxon 22{}0 a: ar '
near l.h ﬁont of system-foweét 2000 while upper poruon 2100 is extandmg upward ﬁ'om base

eck 1200 wh:le sunultanenusly affording the operator acc&ss 0 centn.fuge chamber |

footpnﬁt size and takesup & reduced amount of valuable hosplta] ﬂoor space The! helgkt of

: the 83 em control!er mn ensure: (1) that the dlsposahle photopheresxs kit | IS compstible with

; la of nnning the desired {reatment process; (3) that the disposabte phOtOphETeals kitis:
: .‘ of 8 ferbam brsnd name o1 make, Data card receiving port 2001 bas'the ; nece.ssary herdware

_"vmg port 2201 wzll record tregtment therapy data to data card 1195 Buch mfommnon '

Z-':::_': -ﬂgov'v rartes any alarms, malﬁmcuons d:sﬁu’omces in'the pmcess Of any'| isther demed data. -

T

5 (ooizir] A momtor 2104 is provided on centnfuge chamber door 2102 above wmdow R
e 2103 'Monitor 2104 has a display area 2108 for visually dxspla)dng data tman operan'.vr such L

" . a8, fon example, user interfaces for data entry, ioadm,g mstrucnahs g:aphms, warmnings, alerts, - -

. ' ﬁlmp dﬁ:ta, or therapy progr&s -Monitor 2104 is coupled ) and cohtrel]ed by the systern B

- oontrqﬁer Adata. chd Teceiving port 2091 is provided on a mdé of momtur 2104 Data cardi,  *




L Wiule '_ ata ca.rd recmwng port 2001 is provided on morﬂtor 2104' it can be lﬁ‘wed‘ anywhere |
- (8 ~ on 16\1{ l"r system 2000 so l(mg asitis coupled to the systerm contrcller or othar appropriate
L LEvconfolimems. ST

fA. Photoacnvatlon Chambar for Receiving Irradlahon Chamber j
: j: {301,:4!' nsfer'mg now o IC-S 15and 18, photoacuvemoh chambery*o is !]lustratnd
cE m crosé sec:uon. Phutoachvanon chamber 750 is formed by housmg 756 Housmg 756 fits _
S o w:.'.hm base portion 2200 of tower system 2000 behind door 751 (FIG 17) Phowacuvanon .
SR _‘; chamb‘er 780 has phuality of electrical connection ports 753 prouded on t}ack wall 754
Elech”l al connection ports 753 are electncally coupled to a sotrce of electncal emergy

1 : vatlon chamber 750 is designed o receive UVA light assembly 759 (FIG 16),

- ol When . 1oaded mlo photoac:hvanon chamber 750, electrical conmcts (not ﬂfustrated)

o locutec{ on contact walt 755 of UVA light Msembly 759 form m' alecﬁ‘mal ecnnectxon with
i 3 elsc[n' connecnon pons 783. This electrical connection aﬂows electncal’energy to be

' . supphed to UVA lamps 758 so that they can be achvated Preferably, three‘*elecmcal

co ; $¢tion ports are provzded for each set ofUVA lamps 758. More preferjably, UVA hghf
¥ assam?ly 759 hais two'sets of UV A lamps 788 forming a'space wh:ch‘irradmﬁon chaniber -

p:‘opa:ﬂy programmed system controller using a switch, UVA Lamps 758 m‘e acnvated and
& deachvated as necwsary bv the controller during the photopheresls 1herapy s&ssmn
. [0012 . Venthole 757 is provided in the top of housmg 756 ‘near’ bask wall 754 of
cd | : photoacuvahon chamber 7%0. ‘Vent hole 787 connecis to veni duct 760 whlch Tends out of :
B  ; the back of tower system 2000, When heat generatad by UVA ]amps 758 buﬂds up., in.
phdtosctwanon chamber 750 during 2 treatment therapy, this haai escapes photoacuvatwn o
- chamﬂaer 780 via vent hole 757 and vent dict 760. The beat exils toier syster 2000 thmugh o
tow housmo hole '761 located in the rear of tower systemn 2000 aWay ﬁom the patxent and
fthe:laamr ﬂ ‘ . RO i .
- [00 6] Photoashvanon chamber 750 ﬁ:rther compnses tract 762 for recetvmg
\ - ;irraletwn chamber 700 and holdmg irradigtion in am upright p@smon heﬁveen UVA Iamps
758., Tract 762 ig &t or near the bottom of photoactva’uon chamberﬁs{l Preferably, aleak
S datecmr cu:cult 763 is prcmded below tract 762 to detect any ﬂmd 1eaks 1rradiat10n chamber
N 700 d unng, before; or afler operation. Leak detector circuit 762 has. tw-a electroda paﬁemed -

4]

% 08 cdn be mserted The supply of electrical energy to UVA lamps 758 is quntrolled by the ~ R
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for application of a short circuit to test for discontinuities. One end of each electrode goes to
an integrated circuit while the other end of each electrode is tied to a solid-state switch. The
solid-state switch can be used to check for continuity of the electrodes. By closing the switch
the electrodes are shorted to one another. The integrated circuit then detects the short.
Closing the switch causes a situation equivalent to the electrodes getting wet (i.e., a leak). IN
If the electrodes are damaged in any way, the continuity check will fail. This is a positive
indication that the electrodes are not damaged. This test can be performed each time at
system start-up or periodically during normal operation to ensure that leak detection circuit
762 is working properly. Leak detection circuit 762 helps ensure that leaks do not go
unnoticed during an entire therapy session because the leak detection circuit is damaged. An

electrical schematic of leak detector circuit 762 is provided in FIG. 20.

B. Centrifuge Chamber

[00127] FIG. 19 illustrates centrifuge chamber 2101 in cross section with the housing
of tower system 2000 removed. Rotational device 900 (also in cross-section) capable of
utilizing 1-omega 2-omega spin technology is positioned within centrifuge chamber 2101.
Rotational device 900 inciudes a rotating bracket 910 and a bow] holding plate 919 for
rotatably securing centrifuge bow! 10 (FIG. 1). Housing 2107 of centrifuge chamber 2101 is
preferably made of aluminum or some other lightweight, sturdy metal. Alternatively, other
rotational systems may be used within tower system 2000 such as that described in U.S.
Patent No. 3,986,442, which is expressly incorporated herein by reference in its entirety.
[00128] Leak detection circuit 2106 is provided on back wall 2108 of housing 2107.
Leak detection circuit 2106 is provided to detect any leaks within centrifuge bowl 10 or the
connecting tubes during processing. Leak detection circuit 2106 is identical to leak detector
circuit 762 described above. An electrical schematic of leak detection circuit 2106 is
provided in FIG. 21.

C. Fluid Flow Control Deck

[00129] FIG. 22 illustrates control deck 1200 of tower system 2000 (FIG. 17) without
a cassette 1100 loaded thereon. Control deck 1200 performs the valving and pumping so as
to drive and control fiuid flow throughout photopheresis kit 1000. Preferably, deck 1200 is a

separate plate 1202 that is secured to base portion 2200 of tower system 2000 via screws or
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other securing means, such.as, for example, bolts, nuts, or clamps. Plate 1202 can be made of
steel, aluminum, or other durable metal or material.

[00130] Deck 1200 has five peristaltic pumps, whole blood pump 1301, return pump
1302, recirculation pump 1303, anticoagulant pump 1304, and red blood cell pump 1305
extending through plate 1202. Pumps 1301-1305 are arranged on plate 1202 so that when
cassette 1100 is loaded onto deck 1200 for operation, pump loop tubes 1120-1124 extend
over and around pumps 1301-1305 (FIG. 25).

[00131] Air bubble sensor assembly 1204 and HCT sensor assembly 1205 are provided
on plate 1202. Air bubble sensor assembly 1204 has three trenches 1206 for receiving tubes
1114, 1106, and 1119 (FIG. 25). Air bubble sensor assembly 1204 uses ultrasonic energy to
monitor tubes 1114, 1106, and 1119 for differences in density that would indicate the
presence of air in the liquid fluids normally passing therethrough. Tubes 1114, 1106, and
1119 are monitored because these lines go to the patient. Air bubble sensor assembly 1204 is
operably coupled and transmits data to the system controller for analysis. If an air bubble is
detected, the system controller will shut down operation and prohibit fluid flow into the
patient by occluding tubes 1114, 1106, and 1109 by moving compression actuators 1240-
1242 to a raised position, thereby compressing tubes 1114, 1106, and 1119 against cassette
1100 as discussed above and/or shutting down the appropriate pump. HCT sensor assembly
1205 has trench 1207 for receiving HCT component 1125 of tube 1116. HCT sensor
assembly 1205 monitors tube 1116 for the presence of red blood cells by using a
photoelectric sensor. HCT sensor assembly 1205 is also operably coupled to and transmits
data to the system controller. Upon HCT sensor assembly 1205 detecting the presence of red
blood cells in tube 1116, the system controller will take the appropriate action, such as
stopping the appropriate pump or activating one of compression actuators 1243-1247, to stop
fluid flow through tube 1116.

[00132] Deck 1200 also has five compression actuators 1243-1247 and three
compression actuators 1240-1242 strategically positioned on plate 1202 so that when cassette
1100 is loaded onto deck 1200 for operation, each of compression actuators 1240-1247 are
aligned with corresponding apertures 1137 and 1157. Compression actuators 1240-1247 can
be moved between a lowered position and a raised position. As illustrated in FIG. 22,
compression actuators 1243-1247 are in the lowered position and compression actuators
1240-1242 are in the raised position. When in a raised position, and when cassette 1100 is
Joaded onto deck 1200 as illustrated in FIG 25, compression actuators 1240-1247 will extend
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through the corresponding apertures 1137 or 1157 and compress the portion of flexible tubing
that is aligned with that aperture, thereby pinching the flexible tube shut so that fluid can not
pass. When in the lowered position, compression actuators 1240-1247 do not extend through
apertures 1137 and 1157 and thus do compress the flexible tubing,

[00133] Compression actuators 1243-1247 are spring retracted so that their default
position is to move to the lowered position unless activated. Compression actuators 1243-
1247 are independently controlled and can be raised r lowered independent of one another.
Compression actuators 1240-1242 on the other hand are coupled together. As such, when
one compression actuator 1240-1242 is lowered or raised, the other two compression
actuaiors 1240-1242 are also lowered in raised accordingly. Additionally, compression
actuators 1240-1242 are spring loaded so that their default position is to move to the raised
position. Thus, if the system loses power during a therapy session, compression actuators
1240-1242 will automatically move to the raised position, occluding tubes 1114, 1106, and
1119 and preventing fluids from entering or leaving the patient.

[00134] Referring now to FIGS. 23 and 24, deck 1200 further includes system
controller 1210, cylinder assembly 1211, manifold assemblies 1213, pump cable 1215, pump
motor cable 1216, and timing belt assembly 1217. System controller 1210 is a properly
programmed integrated circuit that is operably coupled to the necessary components of the
system to perform all of the functions, interactions, decisions, and reaction discussed above
and necessary to perform a photopheresis therapy according to the present invention.
Cylinder assembly 1211 couples each of compression actuators 1240-1247 to a pneumatic
cylinder. Air ports 1212 are provided on the various elements of deck 1200 as necessary to
connect air lines to the devices and the appropriate one of manifolds 1213. As such, air can
be provided to the devices as necessary to actuate the necessary component, such as
compression valves 1240-1247. All of these functions and timing are controlled by system
controller 1210. Timing belt assembly 1217 is used to coordinate the rotation of rotating
clamps 1203. Finally, plate 1202 includes a plurality of holes 1215, 1219, 1220, 1221, and
1218 so that the various components of deck 1200 can be properly loaded into and so that
deck 1200 can be secured to tower system 2000. Specifically, pumps 1303-1305 fit into
holes 1314, HCT sensor assembly 1205 fits into hole 1220, air bubble detector assembly
1204 fits into hole 1219, compression actuators 1240-1247 extend through holes 1218, and
bolts extend through holes 1221 to secure deck 1200 to tower assembly 2000.
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1. Cassette.Clamping Mechanism

[00135] Referring now to FIGS. 22 and 25, the method by which cassette 1100 is
loaded and secured to deck 1200 will now be discussed. In order for system 2000 to perform
a photopheresis therapy, cassette 1100 must be properly loaded onto deck 1200. Because of
the compression actuator valving system incorporated in the present invention, it is
imperative that cassette 1100 be properly secured to deck 1200 and not shift or become
dislodged when compression actuators 1240-1247 occlude portions of the flexible tubing by
compressing the flexible tubing against cover 1130 of cassette 1100 (FIG. 3). However, this
requirement competes with the desired goals of ease in 16ading cassette 1100 onto deck 1200
and reducing operator errors. All of these goals are achieved by the below described cassette
clamping mechanism.

[00136} In order to facilitate clamping of cassette 1100 to deck 1200, deck 1200 is
provided with two catches 1208 and two rotating clamps 1203 and 1223. Catches 1208 have
a slot 1228 near the middle of the top plate. Catches 1208 are secured to plate 1202 at
predetermined positions so that the spacing between them is substantially the same as the
spacing between tabs 1102 and 1103 on cassette 1100 (FIG. 2). Rotating clamps 1203 and
1223 are illustrated in a closed position. However, rotating clamps 1203 and 1223 can be
rotated to an open position (not illustrated) manually or through the automatic actuation of a
pneumatic cylinder. Rotating clamps 1203 and 1223 are spring loaded by torque springs so
as to automatically return to the closed position when additional torque is not being applied.
Rotating clamps 1203 and 1223 are linked together by timing belt assembly 1217 (FI1G. 24).
[00137] Referring now to FIG., 23, timing belt assembly 1217 comprises timing belt
1226, torque spring housings 1224, and tension assembly 1225. Timing belt assembly 1217
coordinates the rotation of rotational clamps 1203 and 1223 so that if one is rotated, the other
also rotates in the same direction and the same amount. In other words, rotational clamps
1203 and 1223 are coupled. Tension assembly 1217 ensures that timing belt 1226 is under
sufficient tension to engage and rotate the rotational clamp 1203 or 1223 that is being
coordinated. Torque spring housings 1224 provide casings for the torque springs that torque
rotational clamps 1203 and 1223 to the closed position.

[00138] Referring back to FIGS. 22 and 25, when loading cassette 1100 onto deck
1200, cassette 1100 1s placed at an angle to deck 1200 and tabs 1102 and 1103 (FIG. 2) are
aligned with catches 1208, Cassette 1100 is moved so that tabs 1102 and 1103 slidably insert

into catches 1208. Rotational clamps 1203 and 1223 are in the closed position at this time.
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‘The rear of the cassette 1100 (i.e. the side opposite the tabs 1102 and 1103) contacts
rotational clamps 1203 and 1223 as tabs 1102 and 1103 are being inserted in catches 1108,
As force is applied downward on cassette 1100, rotational clamps 1103 and 1123 will be
rotated to the open position, allowing the rear of cassette 1100 to move downward to a
position below ledges 1231 of rotational clamps 1203 and 1223. Once cassette 1100 is in this
position, the rotational clamps 1203 and 1223 spring back from the force applied by the
torque springs and rotate back to the closed position, locking cassette 1100 in place. When in
the locked position, cassette 1100 can resist upward and lateral forces.

[00139] To remove cassette 1110 after the therapy session is complete, rotational
clamps 1203 and 1223 are rotated to the open position either manually or automatically.
Automatic rotation is facilitated by an air cylinder that is coupled to an air line and system
controller 1210. Once rotational clamps 1203 and 1223 are in the open position, cassette

1100 is removed by simple lifting and sliding tabs 1102 and 1103 out of catches 1208.

2. Self-Loading Peristaltic Pumps

[00140) Referring to FIG. 24, peristaltic pumps 1301-1305 are provided on deck 1200
and are used to drive fluids through photopheresis kit 1000 (FIG. 1) along desired pathways.
The activation, deactivation, timing, speed, coordination, and all other functions of peristaltic
pumps 1301-1305 are controlled by system controller 1210. Peristaltic pumps 1301-1305 are
identical in structure. However, the placement of each peristaltic pump 1301-1305 on deck
1200 dictates the function of each peristaltic pump 1301-130S with respect to which fluid is
being driven and along which pathway. This is because the placement of peristaltic pumps
1301-1305 dictates which pump loop 1220-1224 will be loaded therein.

[00141] Referring now to FIGS. 28 and 29, whole blood pump 1301 is illustrated in
detail. The structure and functioning of whole blood pump will be described with the
understanding that peristaltic pumps 1302-1305 are identical. Whole blood pump 1301 has
motor 1310, position sensor 1311, pneumatic cylinder 1312, pneumatic actuator 1313, rotor
1314 (best illustrated in FIG. 30), and housing 1315.

[00142] Rotor 1314 is rotatably mounted within housing 1315 and is in operablie
connection with drive shaft 1316 of motor 1310. Specifically, rotor 1314 is mounted within
curved wall 1317 of housing 1315 so as to be rotatable by motor 1310 about axis A-A. When
rotor 1314 is mounted in housing 1315, a space 1318 exists between rotor 1314 and curved

wall 1317. This space 1318 is the tube pumping region of whole blood pump 1301 into
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which pump loop tube 1121 (FIG. 33) fits when loaded for pumping,. Position sensor 1316 is
coupled to drive shaft 1316 of motor 1310 so that the rotational position of rotor 1314 can be
monitored by monitoring drive shaft 1316. Position sensor 1311 is operably connected and
transmits data to system controller 1210 (FIG. 24). By analyzing this data, system controller
1210, which is also coupled to motor 1316, can activate motor 1310 to place rotor 1314 in
any desired rotational position.

{00143] Housing 1315 also includes a housing flange 1319. Housing flange 1319 is
used to secure whole blood pump 1310 to plate 1202 of deck 1200 (FIG. 22). More
specifically, a bolt is extended through bolt holes 1320 of housing flange 1319 to threadily
engage holes within plate 1202. Housing flange 1319 also includes a hole (not shown) to
allow pneumatic actuator 1313 to extend therethrough. This hole is sized so that pneumatic
actuator 1313 can move between a raised and lowered position without considerable
resistance. Prnewmatic actuator 1313 is activated and deactivated by pneumatic cylinder 1312
in a piston-like manner through the use of air. Pneumatic cylinder 1312 comprises air inlet
hole 1321 for connecting an air supply line. When air is supplied to pneumatic cylinder
1312, pneumatic actuator extends upward through housing flange 1319 to a raised position.
When air ceases to be supplied to pneumatic cylinder 1312, pneumatic actuator retracts back
into pneumatic cylinder 1312, returmning to the lowered position. System controller 1210
(FIG. 22) controlis the supply of air to air inlet hole 1321.

[00144] Curved wall 1317 of housing 1315 contains two slots 1322 (only one visible).
Slots 1322 are located on substantially opposing sides of curved wall 1317. Slots 1322 are
provided for allowing pump loop tube 1121 (FIG. 33) to pass into tube pumping region 1318.
More specifically, pump inlet portion 1150 and outlet portions 1151 (FIG. 33) of pump loop
tube 1121 pass through slots 1322.

[00145] Turning now to FIGS. 30 and 31, rotor 1314 is illustrated as removed from
housing 1315 so that its components are more clearly visible. Rotor 1314 has a top surface
1323, angled guide 1324, rotor flange 1325, two guide rollers 1326, two drive rollers 1327,
and rotor floor 1328. Guide rollers 1326 and drive rollers 1327 are rotatably secured about
cores 1330 between rotor floor 1328 and a bottom surface 1329 of rotor flange 1325. Asis
best illustrated in FIG. 29, cores 1330 fit into holes 1331 of rotor floor 1328 and recesses
1332 in bottom surface 1329. Guide rollers 1326 and drive rollers 1327 fit around cores 1330

and can rotate thereabout. Preferably, two guide rollers 1326 and two drive rollers 1327 are

47



Aprovided. More preferably, guide rollers 1326 and drive roilers 1327 are provided on rotor
1314 so as to be in an altemating pattem.

[00146] Referring to FIGS. 29 and 31, drive rollers 1327 are provided to compress the
portion of pump loop tube 1121 that is loaded into tube pumping region 1318 against the
inside of curved wall 1317 as rotor 1314 rotates about axis A-A, thereby deforming the tube
and forcing fluids to flow through the tube. Changing the rotational speed of rotor 1314 will
correspondingly change the rate of fluid flow through the tube. Guide rollers 1326 are
provided to keep the portion of pump loop tube 1121 that is loaded into tube pumping region
1318 properly aligned during pumping. Additionally, guide rollers 1326 help to properly
load pump tube loop 1121 into tube pumping region 1318. While guide rollers 1326 are
illustrated as having a uniform cross-section, it is preferred that the top plate of the guide
rollers be tapered so as to come to a sharper edge near its outer diameter. Tapering the top
plate results in a guide roller with a non-symmetric cross-sectional profile. The tapered
embodiment helps ensure proper loading of the tubing into the tube pumping region.

[00147) Rotor 1314 further includes cavity 1328 extending through its center. Cavity
1328 is designed to connect rotor 1314 to drive shaft 1316 of motor 1310.

[00148] Referring now to FIGS. 30 and 32, rotor flange has opening 1333. Opening
1333 is defined by a leading edge 1334 and a trailing edge 1335. The terms leading and
trailing are used assuming that rotating rotor 1314 in the clockwise direction is the forward
direction while rotating rotor 1314 in a counterclockwise direction is the rearward direction.
However, the invention is not so limited and can be modified for counterclockwise pumps.
Leading edge 1334 is beveled downward into opening 1333. Trailing edge 1335 extends
upward from the top surface of rotor flange 1325 higher than the leading edge 1334. Leading
edge is provide for trailing edge for capturing and feeding pump loop tube 1121 into tube
pumping region 1318 upon rotor 1314 being rotated in the forward direction.

[00149] Rotor 1314 also has angled guide 1324 extending upward, at an inverted
angle, from rotor flange 1325. Angled guide 1324 is provided for displacing pump loop tube
1121 toward rotor flange 1325 upon rotor 1314 being rotated in the forward direction.
Preferably, angled guide 1324 has elevated ridge 1336 running along top surface 1323 for
manual engagement by an operator if necessary. More preferably, angled guide 1314 is
located forward of leading edge 1334.

[00150] Referring now to FIGS. 28 and 33, whole blood pump 1301 can automatically
load and unjoad pump lop tube 1121 into and out of tube pumping region 1318. Using
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position sensor 1311, rotor. 1314 is rotated to a loading position where angled guide 1324 will
face cassette 1100 when cassette 1100 is loaded onto deck 1200 (FIG. 25). More specifically,
rotor 1314 is preset in a position so that angled guide 1324 is located between inlet portion
1150 and outlet portion 1151 of pump loop 1121 when cassette 1100 is secured to the deck,
as is illustrated in FIG. 13. When cassette 1100 is secured to deck 1200, pump lop tube 1121
extends over and around rotor 1314. Pneumatic actuator 1313 is in the lowered position at
this time.

00151} Once cassette 1100 is properly secured and the system is ready, rotor 1314 is
rotated in the clockwise direction (i.e., the forward direction). As rotor 1314 rotates, pump
tube loop 1121 is contacted by angled guide 1324 and displaces against the top surface of
rotor flange 1325. The portions of pump loop tube 1121 that are displaced against rotor
flange 1325 are then contacted by trailing edge 1325 and fed downward into tube pumping
region 1318 through opening 1333. A guide roller 1326 is provided directly after opening
1333 to further properly position the tubing within tube pumping chamber for pumping by
drive rollers 1327. When loaded, inlet portion 1150 and outlet portion 1151 of pump loop
tube 1121 pass through slots 1322 of curved wall 1317. One and a half revolutions are
needed to fully load the tubing.

[00152] To automatically unload pump tube loop 1121 from whole blood pump 1301
after the therapy is complete, rotor 1314 is rotated to a position where opening 1333 is
aligned with the slot 1322 through which outlet portion 1151 passes. Once aligned,
pneumatic actuator 1313 is activated and extended to the raised position, contacting and
lifting outlet portion 1151 to a height above trailing edge 1335. Rotor 1314 is then rotated in
the counterclockwise direction, causing trailing edge to 1335 to contact and remove pump

loop tube 1121 from tube pumping region 1318 via opening 1333.

D. Infra-Red Communication

[00153] Referring to FI1G. 34, tower system 2000 (FIG. 17) preferably further includes
a wireless infrared (“IR™) communication interface (not shown). The wireless IR interface
consists of three primary elements, system controller 1210, IRDA protocol integrated circuit,
1381, and IRDA transceiver port 1382, The IR communication interface is capable of both
transmitting and receiving data via IR signals from a remote computer or other device having
IR capabilities. In sending data, system controlier 1210 sends serial communication data to

the IRDA protocol chip 1381 to buff the data. IRDA protocol chip 1381 adds additional data
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"and other communication information to the transmit string and then sends it to IRDA

transceiver 1382. Transceiver 1382 converts the electrical transmit data into encoded light
pulses and transmits them to a remote device via a photo transmitter.

[00154] In receiving data, IR data puises are received by a photo detector located on
the transceiver chip 1382. The transceiver chip 1382 converts the optical light pulses to
electrical data and sends the data stream to IRDA protocol chip 1381 where the electrical
signal is stripped of control and additional IRDA protocol content. The remaining data is
then sent to the system controller 1210 where the data stream is parsed per the
communication protocol.

[00155] By incorporating an IR communication interface on tower system 2000 real
time data relating to a therapy session can be transmitted to a remote device for recording,
analysis, or further transmission. Data can be sent via IR signals to tower system 2000 to
control the therapy or allow protocols to be changed in a blinded state. Addiionally, IR

signals do not interfere with other hospital equipment, like other wireless transmission

methods, such as radio frequency.

I1I. Photopheresis Treatment Process

[00156] Referring together to Fig. 26, a flow chart illustrating an embodiment of the
invention which includes photactivation of buffy coat, and Fig. 27, a schematic representation
of apparatus which can be employed in such an embodiment, the process starts 1400 with a
patient 600 connected by means of a needle adapter 1193 carrying a needle, for drawing
blood, and needle adapter 1194 carrying another needle, for returning treated blood and other
fragments. Saline bag 55 is connected by connector 1190 and anticoagulant bag 54 is
connected by connector 1191. Actuators 1240, 1241, and 1242 are opened, anticoagulant
pump 1304 is tumed on, and saline actuator 1246 is opened so that the entire disposable
tubing set is primed 1401 with saline 55 and anticoagulant 54. The centrifuge 10 is turned on
1402, and blood-anticoagulant mixture is pumped 1403 to the centrifuge bowl 10, with the
A/C pump 1304 and WB pump 1301 controlled at a 1:10 speed ratio.

[00157] When the collected volume reaches 150 ml 1404, the return pump 1302 is set
1405 at the collection pump 1301 speed until red celis are detected 1406 at an HCT sensor
(not shown) in the centrifuge chamber 1201 (Fig. 19). Packed red cells and buffy coat have
at this point accumulated in the spinning centrifuge bowl and are pumped out slowly at a rate,

conirolled by the processor, which maintains the red cell line at the sensor interface level.
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[00158] The red cell pump 1305 is then set 1407 at 35% of the inlet pump speed while
controlling 1408 the rate to maintain the cell line at the interface level until the collection
cycle volume is reached 1409, at which point the red cell pump 1305 is turned off 1410 and
the fluid path to the ireatment bag 50 via the HCT sensor 1125 is opened by lowering
actuator 1244, and stops when the HCT sensor 1125 detects 1411 red cells. “Collection cycle
volume” is defined as the whole blood processed target divided by the number of collection
cycles, for example a white blood process target of 1500 ml may require 6 cycles, and so
1500/6 is a volume of 250 ml. With whole blood continuing at 1410 to be delivered from the
patient to the bowl and the red cell pump off, red cells will accumulate and will push out the
buffy coat from inside the bow! 10. The red cells are used to push out the buffy coat and will
be detected by the effluent hematocrit (HCT) sensor, indicating that the buffy coat has been
collected.

[00159] If another cycle is needed 1412, the centrifuge 10 effluent path is returned
1413 to the plasma bag 51 and the red cell pump 1303 rate is increased 1413 to the inlet
pump 1301 pump rate until red cells are detected 1414, which is the beginning of the second
cycle. If another cycle 1412 is not needed, the centrifuge 10 is tumed off 1415 and inlet
pump 1301 and anticoagulant pump 1304 are set at KVO rate, 10 ml/hr in this embodiment.
The effluent path is directed 1416 to the plasma bag 51, the red cell pump 1305 rate is set
1417 at 75 ml/min, the recirculation pump 1303 and photoactivation lamps are turned on
1418 for sufficient period to treat the buffy coat, calculated by the controller depending on
the volume and type of disease being treated.

(00160} When the bow] 10 is empty 1419, the red cell pump 1305 is turned off 1420
and the plasma bag 51 1s emptied 1421 by opening actuator 1247 and continuing return pump
1302. The return pump 1302 is turned off 1422 when the plasma bag 51 is empty and when
photoactivation is complete 1423, the treated cells are returned 1424 to the patient from the
plate 700 by means of the retun pump 1302. Saline is used to rinse the system and the rinse
is returned to the patient, completing the process 1425.

[06161] The anticoagulant, blood from patient, and fluid back to patient are all
monitored by air detectors 1204 and 1202, and the fluid back to the patient goes through drip
chamber and filter 1500. The pumps, 1304, 1301, 1302, 1303, and 1303, the actuators 1240,
1241, 1242, 1243, 1244, 1245, 1246, and 1247, and the spinning of the bowl 10 are all

controlled by the programmed processor in the tower.
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1006162) The process and related apparatus have significant advantages over prior
processes and apparatus in that the invention allow buffy coat to be in the bowl longer since
red cells are being drawn off while collecting buffy coat in the bowl while centrifuging,
keeping more buffy coat in the bow] until the desired amount of buffy coat cells are collected
prior to withdrawing the collected buffy cells. Platelets, leukocytes, and other buffy coat
fractions can also be separated, or red cells can be collected rather than returning them with
plasma to the patient as the illustrated process does.

[00163] It has been found that increasing the time that buffy coat 810 is subjected to
rotational motion in centrifuge bowl 10 yields a “cleaner cut” of buffy coat 820. A “cleaner
cut” means that the hematocrit count (HCT%) is decreased. HCT% is the amount of red
blood cells present per volume of buffy coat. The amount of time that buffy coat 820 is
subjected to rotational motion in centrifuge bowl 10 can be maximized in the following
manner. First, whole blood 800 is fed into first bow] channel 420 as centrifuge bowl 10 is
rotating. As discussed above, whole blood 800 is separated into buffy coat 820 and RBC’s
810 as it moves outwardly atop lower plate 300. Second bow] channei 410 and third bowl
channel 740 are closed at this time. The inflow of whole blood 800 is continued until the
separation volume 220 is filled with a combination of buffy coat 820 near the top and RBC’s
810 near the bottom of centrifuge bowl 10. By removing RBC’s 810 from centrifuge bow)
10 via second bowl channel 410 only, additional volume is created for the inflow of whole
blood §00 and the unremoved buffy coat 820 is subjected to rotational forces for an extended
period of time. As centrifuge bowl 10 continues to rotate, some of the RBC’s 81¢ that may
be trapped in buffy coat 820 get pulled to the bottom of centrifuge bowl 10 and away from
third bow] channel 740 and buffy coat 820. Thus, when third bow] channel 740 is opened,
the buffy coat 820 that is removed has a lower HCT%. By controlling the inflow rate of
whole blood 800 and the outflow rates of buffy coat 820 and RBC’s 810, a steady state can
be reached that yields a buffy coat 820 with an approximately constant HCT%.

100164) The elimination of batch processing and the improved yields achieved by the
current invention, have reduced the treatment time necessary to properly treat patients. For
an average sized adult, 90-100 milliliters of buffy coat/white blood cells must be captured in
order to conduct a full photopheresis treatment. In order to collect this amount of buffy
coat/white blood cells, the present invention needs to process around 1.5 liters of whole
blood. The required amount of buffy coat/white blood cells can be removed from the 1.5
liters of whole blood in about 30-45 minutes using the present invention, collecting around
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60% or more of the total amount of the buffy coat/white blood celis that are subjected to the
separation process. The captured buffy coat/white blood cells have an HCT of 2% or less. In
comparison, one existing aﬁparatus, the UVAR XTS, takes around 90 minutes to process 1.5
liters of whole blood to obtain the sufficient amount of buffy coat/white blood cells. The
UVAR XTS only collects around 50% of the total amount of the buffy coat/white blood cells
that are subjected to the separation process. The HCT of the buffy coat/white blood cells
collected by the UVAR XTS is around, but not substantially below, 2%. Another existing
apparatus, the Cobe SpectraTM by Gambro, must process 10 liters of whole blood in order to
collect the sufficient amount of buffy coat/white blood cells. This typically takes around 150
minutes, collecting only 10-15% of the total amount of the buffy coat/white blood cells that
are subjected to the separation process, and having an HCT of about 2%. Thus, it has been
discovered that while existing apparatus and systems require anywhere from 152 to 225
minutes to separate, process, treat, and reinfuse the requisite amount of white blood cells or
buffy coat, the present invention can perform the same functions in less than 70 minutes.
These times do not include the patient preparation or prime time. The times indicate only the

total time that the patient is connected to the system.
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What is claimed is:

I. A method of collecting a desired blood component comprising:

providing a separator having an inlet, a first cutlet, and a second outlet; drawing
whole blood from a source;

adding an anticoagulant fluid to the whole blood in a predetermined ratio to form
a mixture of whole blood and anticoagulant fluid;

pumping the mixiure of whole blood and anticoagulant fluid into the separator via
the inlet at a selected inlet rate;

separating the mixture into blood components of different densities;

withdrawing plasma and red bleod cells from the separator while continuing to
pump the mixture of whole blood and anticoagulant fluid into the separator, the plasma
and red blood cells being withdrawn at rates so as to build up buffy coat in the separator,
the plasma being withdrawn via the first outlet and the red blood cells being withdrawn
via the second outlet; and

upon a predetermined amount of buffy coat building up in the separator,

collecting the buffy coat from the separator.

2. The method of claim 1 wherein the step of collecting the buffy coat from the
separator comprises discontinuing the withdrawal of red blood cells from the second

outlet, thereby causing the red blood cells to push the buffy coat out of the separator via
the first outlet.

3. The method of claim 2 further comprising collecting the withdrawn buffy coat in
a treatment bag.
4, The method of claim 2 further comprising discontinuing the collecting of buffy

coat when red blood cells are detected in an outlet line fluidly connected to the first

outlet.
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5. The method of claim 1 wherein the step of withdrawing plasma and red blood
cells from the separator comprises: withdrawing only the plasma from the separator via
the first outlet until a predetermined amount of red blood cells are detected in the
separator; and upon the predetermined amount of red blood cells being detected in the
separator, withdrawing red blood cells from the separator at a rate so as to maintain the
amount of red blood cells present in the separator at approximately the predstermined

amount.

6. The method of claim 5 wherein the predetermined amount of red blood cells is

detected using a hematocrit sensor.

7. The method of claim 1 wherein the step of pumping the mixture into the separator
comprises passing the mixture through a cassette for controlling fluid flow before the

mixture enters the separator.

8. The method of claim 1 further comprising collecting the withdraw red blood cells.

9. The method of claim | wherein the source is a patient, a whole blood storage bag,

or a blood donor, and wherein the separator is a centrifuge bowl.

10.  The method of claim 1 further comprising injecling a photoactivation chemical
into the collected buffy coat; and

imadiating the collected buffy coat within an irmadiation chamber until a
predetermined amount of energy has been transferred to the collected buffy coat, wherein
the step of irradiating the buffy coat comprises recirculating the collected buffy coat
between a treatment bag and the irradiation chamber.

11, Themethod of claim 10 further comprising:

passing the irradiated buffy coat through a filter; and
returning the irradiated buffy coat to the source.

55



12.  The method of elaim 10 or claim 11 wherein overall treatment time is less than 70

minutes.

13, The method of claim 12 whersin the overall treatinent time is less than 45

minutes. !

14.  The method of claim 11 wherein the filter is within a cassette for controlling fluid

flow,
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