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FIG. 1 
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FIG.‘ 2 

AUTOMATED INTERACTIVE CELL PROCESSING SYSTEM 
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FIG. 4 
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FIG. 12 
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FLUID MANAGEMENT SYSTEMS 

RELATED APPLICATIONS 

[0001] This application claims the bene?t under Title 35, 
U.S.C. §119(e) of US. Provisional Application Ser. No. 
60/047,213, ?led May 20, 1997, noW abandoned, entitled 
“Cell Processing System”, incorporated herein by reference. 
This application is also related to co-pending US. patent 
applications entitled: “Rotating Seals for Cell Processing 
Systems” (Attorney Docket Z0090/7004); “Apparatus and 
Method for Expressing Fluid Materials” (Attorney Docket 
Z0090/7013); “Optical Sensors for Cell Processing Sys 
tems” (Attorney Docket Z0090/7015); and “Cell Processing 
Systems” (Attorney Docket Z0090/7016 ), all of Which are 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] Cell processing includes steps Where cells or cell 
elements are treated With different process chemicals or are 
Washed and then separated from a liquid phase. For 
eXample, When preparing froZen erythrocytes for transfu 
sion, erythrocytes are separated from cryopreservatives and 
other blood components such as White cells, platelet and 
sub-cellular debris. The entire process must be performed 
under sterile conditions that minimiZe the risk of contami 
nation. Furthermore, Whole blood is separated into its vari 
ous therapeutic components such as red blood cells, White 
blood cells, platelets and plasma Which are later transfused. 
There are different cell processing systems that process 
biological cells in an automated or semi-automated Way. 
These systems may use a controller connected to various 
sensors and valves for controlling the process and helping an 
operator to maXimiZe the processing efficiency. HoWever, 
these systems do not interactively adjust the process based 
on the amount or type of the processed cells or different 
processing conditions. 

[0003] Hospitals require a constant blood supply for trans 
fusion. After donors provide blood, regional blood centers 
are responsible for ABO typing, infectious disease testing, 
component manufacturing, and distribution of red blood 
cells to hospitals. The hospitals again, test the A, B, AB, O 
blood group and cross match the available blood units to the 
appropriate patients. Since group O blood can be transfused 
universally, there is a high demand for group O blood, in 
general, and especially in emergency situations Where the 
delay caused by typing and matching is not acceptable. 
Furthermore, the processed blood has a relatively short shelf 
life of 42 days, after Which it may not be transfused. The 
balancing of the inventory of red blood cells is extraordi 
narily compleX. On a daily basis, the regional blood centers 
must match the demand for different blood groups With the 
available supply held at the blood centers, and at its hospital 
customer sites around the country. The individual blood 
units are constantly moved Within the system in order to 
match daily variation in supply and demand. In fact, indi 
vidual units are frequently moved three to four times Within 
the system before ?nally being transfused. Even With the 
best efforts by the participants to ensure that each collected 
unit is ultimately transfused, 4% to 8% of all collected units 
outdate before transfusion and must be discarded. A pro 
cessing system that Would reproducibly convert A, B or AB 
type blood to O type blood Would satisfy a crucial need in 
this ?eld. The availability of O blood cells Would improve 
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red cell availability, substantially eliminate red cell outdat 
ing caused by the inability to match units With recipients 
Within the 42 day outdate WindoW, eliminate the need for the 
frequent reshipment of blood units in order to match the 
daily supply and demand, and eliminate the need for retest 
ing for the blood type. 

[0004] Therefore, there is a Wide spread need for an 
automated interactive cell processing system that can adjust 
the processing algorithm based on the type of the processed 
cells or the amount of the cells. Furthermore, there is a need 
for an automated interactive cell processing system that can 
assure uniform and reproducible processing condition of the 
same type of cells regardless of their amount being pro 
cessed or the processing location. 

[0005] There is also a need for an efficient means for 
distributing the various process chemicals and biological 
cells from various sources to a central processing location. 

SUMMARY OF THE INVENTION 

[0006] In one embodiment, a device is provided for dis 
tributing a ?uids from different sources to different destina 
tions. The device receives ?uids from a plurality of different 
sources and distributes the ?uids out of a port to a destina 
tion. The device also receives ?uid from the destination and 
transfers the ?uid to another port out to another destination. 

[0007] In one embodiment, a device is provided for dis 
tributing a plurality of ?uids. The device includes a plurality 
of ports for receiving a plurality of ?uids. The device 
includes a channel coupled to the plurality of ports, and a 
?rst port coupled to said channel. The ?rst port is adapted to 
transfer ?uid from said plurality of ports a ?rst destination, 
and to receive ?uid from said ?rst destination. The device 
also includes a second port coupled to said channel adapted 
to transfer ?uid received on said ?rst port from said ?rst 
destination to a second destination. 

[0008] In another embodiment, a connector is provided 
that includes a ?rst port to receive a ?rst source of ?uid, a 
second port to receive a second source of ?uid, a ?rst outlet 
in communication With the ?rst port, and a second outlet in 
communication With the second port. The ?rst and second 
outlets are adapted to be attached to ?rst and second input 
ports of a device for distributing the ?rst and second ?uids 
to a particular destination. 

[0009] In another embodiment, a device is provided for 
storing ?uids that includes a ?rst compartment for storing a 
?rst ?uid, and a second compartment for storing a second 
?uid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a perspective vieW of an interactive cell 
processing system; 

[0011] FIG. 2 is a conceptual ?oW diagram displaying 
operation of an interactive cell processing system; 

[0012] FIG. 3 is a block diagram of the interactive cell 
processing system of FIG. 1; 

[0013] FIGS. 4 and 4A shoW a How diagram of a process 
for enZymatic conversion of red blood cells; 

[0014] 
module; 

FIG. 5 is a perspective vieW of a ?uid distribution 
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[0015] FIG. 6 is a partially exploded vieW of the ?uid 
distribution module of FIG. 5; 

[0016] FIG. 7 is a further exploded vieW of the ?uid 
distribution module of FIG. 6, showing a pump valve 
assembly, housing, ?uid distribution manifold, connector, 
and spring knobs of FIG. 6; 

[0017] FIG. 8 is a front plan vieW of the distribution 
manifold of FIGS. 5-7, and a schematic vieW of a pump and 

?lter; 
[0018] FIG. 8a is an exploded vieW of the distribution 
manifold and ?lter of FIG. 8; 

[0019] FIG. 9 is an exploded vieW of the distribution 
manifold and connector of FIGS. 5-8; 

[0020] FIG. 10 is a rear plan vieW of the front plate of the 
distribution manifold of FIG. 9; 

[0021] FIG. 11 is a rear plan vieW of the membrane of the 
distribution manifold of FIG. 9; 

[0022] FIG. 12 is a cross-sectional vieW of FIG. 8, taken 
along lines 12-12; 

[0023] FIGS. 13 and 14 are front and top plan vieWs, 
respectively, of the connector of FIGS. 57; and 

[0024] FIG. 15 is a perspective vieW of a multi-compart 
ment bag connected by tubing to the connector of FIGS. 13 
and 14. 

DETAILED DESCRIPTION 

[0025] Referring to FIGS. 1 and 3, an interactive cell 
processing system 10 includes a cell module 12, a supply 
module 20, a ?uid distribution module 40, a processing 
module 60, a collection module 70 (not shoWn in FIG. 1) 
and a control module 80. These modules are operatively 
interconnected for processing biological cells in a sterile 
environment. Cell module 12 is constructed for a short term 
or long term storage of biological cells for processing. 
Supply module 20 includes several containers for storing 
different process chemicals including saline, or other ?uids 
used for Washing the processed cells and also includes sterile 
air. The containers are connected to ?uid distribution module 
40 by a set of conduits. Fluid distribution module 40 
includes several valves and sensors for dispensing controlled 
amounts of the process chemicals from supply module 20 to 
processing module 60 and for dispensing a knoWn amount of 
the biological cells from cell module 12 to processing 
module 60. Furthermore, ?uid distribution module 40 is 
constructed to direct the process Waste from processing 
module 60 to a Waste container 72 and the processed cells to 
a cell storage container 74, both of Which are located in 
collection module 70, While maintaining the purity and 
sterility of the cells. Control module 80 directs the entire 
process according to a selected algorithm. 

[0026] In general, the operation of cell processing system 
10 is shoWn in FIG. 2. Control module 80 executes a 
processing algorithm selected initially (98). Control module 
80 includes a logic controller that receives real-time data 
from several in-line sensors arranged in a processing loop. 
Amass sensor (or a volume sensor) measures an initial 
amount of the provided biological cells (94) and sends the 
data to control module 80. Control module 80 controls the 
amount of cells dispensed to processing module 60 in 
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accordance With the processing algorithm. Based on the 
provided amount of the biological cells, control module 80 
also calculates the individual doses of the process chemicals 
(100) and directs a set of control valves to dispense the 
chemicals (102) in a selected order to processing module 60, 
again in accordance With the processing algorithm. 

[0027] Control module 80 executes iteratively the process 
ing algorithm. Control module 80 receives data from the 
individual sensors (e.g., a Weight sensor, a volume sensor, a 
temperature sensor, an optical sensor, a resistance or capaci 
tance sensor, a ?oW sensor, a pressure sensor or another 
sensor arranged to monitor the transferred matter in a liquid, 
gaseous or solid state). After dispensing the selected amount 
of one or several processing chemicals to processing module 
60, control module 80 regulates the temperature and the time 
of processing and directs the processing module to agitate, 
mix or otherWise treat the cells With the process chemicals. 
Depending on the processing algorithm, control module 80 
may manage one or several processing cycles. At the end of 
each cycle, processing module 60 may separate the pro 
cessed cells from intermediate products and from the pro 
cess Waste. 

[0028] During the separation process, ?uid distribution 
module 40 detects the ?uid component being expressed from 
processing module 60 and directs the separated components 
to different containers for disposal (110) or for storage (112). 
Each processing cycle may use a different processing chemi 
cal and different processing conditions. Cell processing 
system 10 can also process different types of cells at the 
same time or sequentially. Furthermore, cell processing 
system 10 may also partially process biological cells and 
then store them in cell storage container 74 (shoWn in FIG. 
3), Which may include a temperature control system. The 
processed cells may be later automatically dispensed from 
cell storage container 74 and processed using another pro 
cessing algorithm. The processed cells may also be groWn in 
culture prior to another use. 

[0029] Based on the starting Weight of the biological cells, 
the controller calculates the dosage of the processing chemi 
cals. Supply module 20 includes a Weight sensor 29 for 
providing the Weight of each process chemical to the con 
troller. During the process, the controller con?rms that 
correct amount of each process chemical has been trans 
ferred by measuring the change in the Weight of the process 
chemical stored in supply module 20 and the initial Weight 
of the chemical. The process chemicals in a ?uid state are 
pumped through a 0.2 micron ?lter to assure sterility. A 
pressure transducer is mounted up-stream from the ?lter. If 
the ?uids being pumped through the ?lter have a variable 
viscosity, the controller Will adjust the pumping speed to 
yield a constant pressure drop across the ?lter membrane. 

[0030] Processing module 60 is designed to assure iden 
tical processing conditions (e.g., pressure, temperature, mix 
ing, processing time or other) for large and small amounts of 
the biological cells provided for processing. For this pur 
pose, processing module 60 includes a processing chamber 
that has a variable volume design. Depending on the volume 
of the processed cells and other processing chemicals trans 
ferred into the processing chamber, the controller changes 
the chamber volume. The volume change is achieved by a 
movable Wall that may be a membrane. Processing module 
60 includes another pressure sensor for measuring the pres 
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sure inside the processing chamber and also includes a 
temperature sensor for measuring the temperature inside the 
processing chamber. Based on the data from the temperature 
sensor, a heat transfer system can provide or remove heat 
from the processing chamber. 

[0031] Cell processing system 10 may process or separate 
cells and/or cell elements from different liquids or solids. 
Such cells and cell elements include, but are not limited to, 
erythrocytes (i.e., red blood cells); leukocytes (i.e., White 
blood cells, including lymphocytes, granulocytes, and 
monocytes); blood cell progenitors (e.g., primitive stem 
cells, burst forming units, reticulocytes, megakaryocytes, 
etc.); cell fragments (e.g., platelets, subcellular elements 
such as nuclei, debris, etc.); epithelial cells; endothelial 
cells; mesothelial cells; cells of normal tissues (e.g., liver 
cells, kidney cells, bladder cells, lung cells, pancreatic cells, 
embryonic cells, fetal cells, etc.); cells of abnormal tissues 
(e.g., malignant cells), and other. 

[0032] Referring again to FIG. 3, in one preferred 
embodiment of the cell processing system, cell module 12 
includes a Weight sensor 14 arranged to Weigh red blood 
cells provided in a (plastic?) bag 16. Tubing 17 connects bag 
16 to a leuko ?lter 18 and to ?uid distribution module 40. 
Supply module 20 includes a bag 21 With enZyme A1/B, a 
bag 22 With enZyme A2, a bag 23 With 140 m Molar 
potassium phosphate dibasic (DPP), a bag 24 With polyeth 
ylene glycol (PEG), a bag 25 With storage solution, and a 
bag 26 With phosphate citrate isotonic (PCI). Each bag is 
connected by tubing 28 to ?uid distribution module 40. 
Weight sensor 29 is constructed to Weigh any of the above 
mentioned ?uids located in supply module 20. Supply 
module 20 also includes a compressor 30 connected via a 
?lter 31 and a check valve 32 to air reservoir 33, Which 
stores sterile air used for cell processing. Pressure sWitch 
and sensor 34 is in communication With air tubing 36, Which 
delivers sterile air to an air ?lter located in ?uid distribution 
module 40. Aregulator 37, connected to a solenoid valve 36, 
regulates the air pressure provided to ?uid distribution 
module 40 and to processing module 60. Fluid distribution 
module 40 includes a peristaltic pump 42, and tWelve valves 
43, 44, . . . , and 54 connected to a set of channels for 

distributing the process chemicals and the cells during the 
automated process. The logic controller can close or open 
any combination of the tWelve valves to redirect the ?uid 
?oWing inside the channels. Apressure sensor 55 measures 
the ?uid pressure during the process, and a optical detector 
58 monitors the ?uid to and from processing module 60. 

[0033] Processing module 60 includes a centrifuge 62 and 
an expresser system 64. An IR temperature sensor 68 
monitors the temperature of the process chemicals or the 
cells located inside centrifuge 62. Collection module 70 
includes a Waste bag 72, a saline solution bag 74, and a 
product bag 76. Collection module 70 also includes a Weight 
sensor 76 connected to product bag 76 and arranged to 
Weigh the processed red blood cells. 

[0034] The controller controls the volume of the process 
ing chamber of centrifuge 62 to assure identical processing 
conditions for large or small amounts of the red blood cells. 
The processing chamber includes a ?exible Wall for con 
taining expresser ?uid. For small volumes, expressor system 
64 pumps expressor ?uid into the chamber until the pressure 
transducer at the chamber signals a full condition. This 
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pre-?lling step assures that different amounts of red blood 
cells are subjected to the same accumulated centrifugal force 
and mechanical stresses due to packing. OtherWise, smaller 
amounts Would spin longer and pack harder as the expresser 
?uid ?lls the processing chamber during the expression step. 

[0035] During the process, the controller receives input 
from IR temperature sensor 66, Which measures the tem 
perature of the RBCs. If the temperature is less than the set 
point, expressor of system 64 increases the temperature of 
the expressor ?uid. Conversely, if the temperature is greater 
than the set point, expresser of system 64 decreases the 
temperature of the expresser ?uid. A control loop continu 
ously monitors the temperature of the processed cells. 

[0036] Processing module 60 also includes a second pres 
sure transducer that monitors the pressure of the sterile air on 
the rotating seal. If the seal is Working, this pressure only 
?uctuates slightly betWeen established limits. If the pressure 
drops beloW the established threshold, a Warning condition 
is initiated that calls for a check of the rotating seal as Well 
as other possible causes of failure. 

[0037] Expressor ?uid system 64 included a third pressure 
transducer that measures the pressure of the expressor ?uid 
Which is an indirect measure of the pressure on the red blood 
cells. The controller adjusts the expressor pump speed to 
assure that pressure is Within accepted limits and cells are 
protected from damage. If the pressure is too loW, the pump 
rate is increased to speed up the expression cycle. If the 
pressure is too high, the pump is sloWed doWn to protect the 
cells from excessive pressure. This also protects the seal 
from excessive pressure as Well. 

[0038] Optical sensor 58 sensor monitors the color and the 
turbidity of the transferred ?uids. Speci?cally; optical sensor 
58 also monitors the supernatant expressed from the centri 
fuge chamber. When red cells are detected in the superna 
tant, the controller responds by stopping the expressor pump 
to avoid losing any cells to Waste or responds by sWitching 
valves to collect the cells in a separate storage bag depend 
ing on Which cycle is being performed. 

[0039] Referring to FIGS. 4 and 4A, in the preferred 
embodiment, the cell processing system of FIG. 3 is used for 
enZymatic conversion of red blood cells to type O red blood 
cells. The enZymatic conversion process starts in step 115 by 
Weighting the provided amount of red blood cells. In step 
117, based on the starting Weight of the provided red blood 
cells, the system dilutes the red blood cells dispensed to the 
processing bag located inside centrifuge 62, shoWn in FIG. 
3, With saline in the 1:1 ratio, and also ?ushes the bag With 
100 ml of saline (step 119). In step 121, the controller 
calculates the correct dosage of PCI to obtain the ratio of 65 
ml of PCI for 100 ml of red blood cells. The controller also 
calculates the correct dosage of DPP to obtain the ratio of 
110 ml of DPP for 100 mls of red blood cells. Prior to 
executing step 123, the controller con?rms that the correct 
amount of saline Was transferred to centrifuge 62. In step 
123, the centrifuge spins at 3000 RPM for about 2.5 minutes 
and then sloWs doWn to about 1500 RPM and expresses the 
saline Waste While the Washed red blood cells are left in the 
processing bag. 

[0040] Next, in step 127, the system purges the tubing With 
PCI and dispenses the dose calculated in step 121, of PCI to 
the processing bag. PCI (Phosphate Citrate Isotonic) 










