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(57) ABSTRACT 

A biological suspension processing system is disclosed that 
may include a suspension treatment device for treating one 
or more components of a biological suspension, a ?rst ?uid 
?oW path for introducing a suspension into the treatment 
device and a second ?uid ?oW path for Withdrawing a 
constituent of the suspension from the device. At least one 
microelectromechanical (MEM) sensor communicates With 
one of the ?uid ?oW paths for sensing a selected character 
istic of the ?uid therewith. The MEM sensor may be located 
elseWhere, such as on a container or bag and communicate 
With the interior for sensing a characteristic of the ?uid 
contained therein. A Wide variety of characteristics may be 
sensed, such as ?oW rate, pH, cell type, cell antigenicity, 
DNA, viral or bacterial presence, cholesterol, hematocrit, 
cell concentration, cell count, partial pressure, pathogen 
presence, or viscosity. 
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MEDICAL SYSTEM, METHOD AND APPARATUS 
EMPLOYING MEMS 

[0001] The present invention relates generally to medical 
systems, methods and apparatus for processing biological 
suspensions including, but not limited to, blood. More 
speci?cally, the present invention relates to novel medical 
systems, methods and apparatus (for processing biological 
suspensions) that employ microelectromechanical systems 
(“MEMS”) as sensors, detectors or other elements for 
improving product quality, purity, consistency, characteriZa 
tion, and/or production. 

[0002] The present invention is described beloW in con 
nection With the processing of blood and blood components, 
a ?eld in Which it is expected to ?nd substantial application 
and bene?t. HoWever, it should be understood that the 
present invention is not limited to blood or blood component 
processing and may be employed in connection With the 
processing of other biological suspensions, for example, 
bone marroW or cell groWth media. 

[0003] The processing of blood and blood components has 
taken on increased signi?cance in recent years due to the 
increased demand for blood and blood components for 
therapeutic application. Blood is a suspension of cells or cell 
fragments that are suspended in a liquid. The cells include 
red cells, for carrying oxygen from the lungs to the muscles 
and returning carbon dioxide from the muscles to the lungs, 
White cells, for ?ghting infection, and platelets, for clotting. 
The cells are suspended in a liquid called plasma, and the 
plasma itself has constituents that can be separated through 
a process called fractionation. For purposes of this descrip 
tion, blood “components and blood” constituents are used 
interchangeably. 

[0004] Red cells are typically needed by patients suffering 
from signi?cant blood loss. Platelets are required by many 
patients undergoing chemotherapy or radiation treatment, 
Which reduces the ability of the body to make neW bloods 
cells (and platelets are among the shortest-lived blood cell). 
Plasma may be administered to patients for a variety of 
reasons, or may be subjected to further fractionation to 
isolate and concentrate certain blood proteins. 

[0005] As the demand for blood components has 
increased, it has become routine to separate collected blood 
into its constituent parts so that only the required constituent 
is given to the patient, and the other components or con 
stituents remain available for other patients, or are returned 
to the donor. Aterm commonly used for separation of blood 
into one or more constituents is “apheresis.” Apheresis may 
be done manually, after Whole blood is collected, or it may 
be carried out in an automated or semi-automated procedure. 

[0006] Automated apheresis typically employs a reusable 
device or instrument and a disposable, single use tubing set 
through Which the blood ?oWs for processing. The collected 
constituent, such as platelets, red cells or plasma, is typically 
WithdraWn and directed to a storage container, or collected 
Within a container inside the device, and the other blood 
constituents are either returned to the donor or separately 
WithdraWn and stored for other uses. A variety of devices, 
based on different principles, have been used in automated 
apheresis. The most common devices are based on centrifu 
gation principles, and separate the blood components based 
on their different densities. The CS-3000® and Amicus 
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separators by Baxter Healthcare Corporation of Deer?eld, 
Ill., and the Trima® and Spectra® separators by Gambro 
BCT of Lakewood, Colo., are examples of centrifugal blood 
separators or apheresis devices. The Autopheresis-C sepa 
rator by Baxter Healthcare Corporation is another type of 
apheresis device. It operates on a principle of membrane 
separation using Taylor vortices, Which is much different 
than the above-identi?ed centrifugation devices. The present 
invention is not limited to a particular treatment device or 
principle of operation, and may be of signi?cant bene?t in 
any of these and other blood or suspension treatment 
devices. 

[0007] In addition to collection of blood constituents from 
healthy donors, the same equipment and processes may be 
used therapeutically, to treat ill patients. For example, When 
it is believed that a patient may bene?t by depleting the 
amount of White cells or by removing plasma, the same 
equipment used With donors may be used to collect those 
constituents from patients, returning the remainder of the 
blood to the patient. Blood processing as a therapeutic 
procedure for a Wide variety of conditions has also groWn in 
recent years. 

[0008] Although blood constituent collection or depletion 
has been performed for many years, and advances have been 
made, there remain signi?cant areas Where further improve 
ments are needed. One area Where there is signi?cant need 
for improvement is in reducing the potential for human error 
in the collection and testing of blood components. In a 
normal platelet collection procedure, for example, a number 
of tests are conducted on the blood WithdraWn from the 
donor and on the platelet concentrate that is collected. For 
example, an incoming blood sample may be WithdraWn from 
the tubing set and sent to a laboratory for testing regarding 
platelet count, the presence of pathogens, blood type, and a 
variety of other tests. 

[0009] A sample of the collected blood constituent may 
also be subjected to similar tests. For platelets, for example, 
the amount of collected platelets is a particularly important 
number, because a certain amount of platelets (4x1011) is 
usually necessary to constitute a standard “dose” or “unit” of 
platelets. In addition to determining the number (or, alter 
natively, the density) of platelets collected, the collected 
platelet product also may be tested for the presence of White 
cells, Which are a suggested source of adverse reactions in 
some patients. 

[0010] Many of these tests either are not conducted at the 
same place the blood component is collected or require 
24-48 hours to complete. Great care must be taken, and 
numerous administrative steps completed, to assure that the 
sample is properly traceable to the collected blood product, 
and that the laboratory results are properly recorded in 
connection With the particular blood product collected. Not 
Withstanding such care, because of the number of individu 
als and steps involved, the risk of human error in this process 
is real, even if small. Accordingly there is a continuing need 
for advances that reduce the amount of human handling and 
intervention required, and thus the potential for error as Well 
as the cost associated With collecting and testing blood 
constituents. More speci?cally, there is a need for collection 
or treatment systems that provide a product, such as blood 
platelets, red cells or plasma, Which is fully or partially 
characteriZed, such as by cell count, pathogen presence, 
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White cell count, blood type, et cetera, With minimum human 
intervention and With minimum need for testing procedures 
that separate the testing from the treatment process itself and 
thereby introduce opportunity for human error. 

[0011] Because the demand for blood components is not 
constant, it also is not unusual for certain blood constituents 
to be Wasted due to outdating before they are used. Although 
red cells, Which may be refrigerated and stored for lengthier 
periods of time, blood platelets are normally stored at room 
temperature, and have a limited shelf life of about 5-7 days 
under the best of circumstances. Both, hoWever, have lim 
ited shelf life, and, as a result, it is not uncommon for a 
signi?cant amount of collected blood constituent product to 
be Wasted because it is not used Within the alloWed shelf life 
period. Thus, in light of the limited donor pool that is 
available to contribute platelets and other blood compo 
nents, there is a need for better ef?ciencies in collecting and 
using blood components. 

[0012] In addition to the above, there is a continuing need 
for devices that make the collection process itself more 
ef?cient. For eXample, the hematocrit and platelet count of 
a donor may be of signi?cant value in tailoring or optimiZing 
the collection procedure to obtain the desired amount of the 
collected product, in the desired amount of time, With the 
desired amount of purity or freedom from undesirable 
components, and With minimum adverse effects to the donor 
or patient. Although the donor’s hematocrit may be mea 
sured reasonably easily prior to a collection procedure, 
platelet count is an expensive and time consuming proce 
dure, and typically is not done prior to the procedure. In 
most platelet collection procedures, the best available infor 
mation is an estimated platelet count, based on an average of 
prior donations, Which can vary Widely. Accordingly, there 
is a need for more current information that can be used to 
optimiZe the collection procedure. 

[0013] In summary, there is a continuing need for 
improvement in providing blood constituents regarding (1) 
the consistency of the collected product, for eXample in 
terms of the yield or amount of constituent collected and 
available for transfusion or the quality (e.g., viability) of the 
blood constituent collected, (2) the purity of the collected 
product, for eXample the absence of undesirable contami 
nants and better assurance of completion of all the necessary 
testing With reduced chance of human error, (3) the ef? 
ciency of collection and usage of collected blood constitu 
ent, (4) the cost and error potential in the collection and 
associated testing and administrative burden and (5) the 
safety afforded to the donor. 

[0014] Within the past decade signi?cant progress has also 
been made in the ?eld of microelectromechanical systems 
(MEMS). MEMS is a class of systems that are physically 
very, very small. These systems typically, but not eXclu 
sively, have both electrical and mechanical or optical com 
ponents. Modi?ed integrated circuit fabrication techniques 
and materials Were originally used to create these very small 
devices or systems, but currently many more fabrication 
techniques and materials are available. 

[0015] MEMS devices have been conceived for a variety 
of sensing and actuating functions. MEMS devices have 
been conceived for typing blood, counting cells, identifying 
DNA, performing chemical assays, measuring pH, sensing 
partial pressures, and performing a Wide variety of other 

Dec. 8, 2005 

procedures and tests. Recently, various manufacturers have 
even claimed to have developed a “lab on a chip” that is 
suitable for carrying out a variety of blood or blood con 
stituent assays or tests. HoWever, progress in integrating 
MEMS devices into pre-eXisting medical procedures to 
enhance performance and reduce potential for human error 
has been limited. 

SUMMARY 

[0016] To achieve one or more of the above objectives, the 
present invention employs a MEMS sensor in a system for 
processing a biological suspension, for eXample blood, in a 
treatment device, Wherein the MEMS sensor is employed to 
sense one or more ?uid characteristics of ?uid ?oWing into 
or from the treatment device. More speci?cally, the present 
invention may be embodied in a biological suspension 
processing system comprising a suspension treatment device 
for treating one or more components of a biological suspen 
sion, a ?rst ?uid ?oW path communicating With the treat 
ment device for introducing a suspension into the treatment 
device, and a second ?uid ?oW path communicating With the 
treatment device for WithdraWing a constituent of the sus 
pension from the treatment device. In accordance With the 
present invention, at least one microelectromechanical 
(MEMS) sensor communicates With one of said ?uid ?oW 
paths for sensing a selected characteristic of the ?uid Within 
the How path. The treatment device may be an apheresis 
device for separating and collecting one or more blood 
constituents, but in its broader aspects, the present invention 
is not necessarily limited to a particular suspension treat 
ment device or to a particular apheresis device or separator. 

[0017] Turning back to aspects of the present invention, 
the MEMS sensor may be operable to sense a characteristic 
such as, for eXample, one of those selected from the group 
consisting of How rate, pH, cell type, cell antigenicity, cell 
concentration, cell count, viscosity, cholesterol, hematocrit, 
DNA, viral or bacterial presence, pathogen presence, and/or 
partial pressure of a selected gas or other characteristics. 

[0018] To aid in control of the system, the sensor may 
communicate With the ?rst ?uid ?oW path and generate a 
signal responsive to one or more selected characteristics of 
the ?uid (e.g. plate let count) in the ?rst ?uid ?oW path. The 
suspension treatment device may include a controller 
adapted to receive the sensor signal and to control the 
treatment device in response to the signal. This system could 
be used, for eXample, to optimiZe the treatment procedure 
time, to provide a more consistent product, to provide a 
product that has a certain minimum quantity of suspension 
constituent, or to better safeguard patient affects. A sensor 
may also communicate With the second ?uid ?oW path, 
Which conducts the ?uid being WithdraWn from the treat 
ment device, for eXample to count desired or non-desired 
components, such as platelets or White cells, or for other 
desired purposes. 

[0019] For even better control the system may include 
sensor adapted to sense a selected characteristic a plurality 
of times at discrete intervals. This sensor may generate a 
signal each time it senses the characteristic, and the suspen 
sion treatment device may include a controller that is 
adapted to receive the sensor signal and to control the 
treatment device in response thereto. Thus, periodic sensing 
may be used to better optimiZe or improve the treatment 
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procedure over all or part of the treatment procedure. For 
example, the sensor may communicate With the second ?uid 
?oW path and sense the approximate quantity or concentra 
tion of a selected cell, With the controller controlling the 
system to collect a desired quantity of the selected cell, or 
alternatively, to reduce the collected amount of the selected 
cell. 

[0020] The system may further comprise a container com 
municating With the second ?uid ?oW path for receiving the 
WithdraWn constituent, With the system being adapted to 
provide tracking information for associating With the con 
tainer the particular characteristic sensed by at least one 
sensor. A machine readable or human readable data storage 
media may be carried by the container to store information 
regarding the particular characteristics sensed by at least one 
sensor. The data storage media is not limited to a particular 
type, and may comprises a graphic indicator such as a bar 
code label on the container, an electronic data storage 
device, such as one With a non-volatile semiconductor 
memory, or an icon or other graphic carried by the container 
representative of the sensed characteristic. This tracking 
may be entirely carried out by the system, thereby reducing 
the possibility of human error in mishandling of the sample 
or information. 

[0021] When the suspension includes one or more blood 
components and the blood component WithdraWn is a cel 
lular component, the system may include a container for 
storing the cellular component Withdrawn, and the data 
storage media may include data regarding, for eXample, the 
type, quality, purity, quantity and/or concentration of the 
cellular component in the container. More speci?cally, the 
system may include a ?rst sensor communicating With the 
?rst ?uid ?oW path and a second sensor communicating With 
the second ?oW path and the treatment device may comprise 
an apheresis device. When the suspension comprises Whole 
blood, the ?rst sensor may sense inter alia, platelets to 
determine a platelet count in the suspension introduced into 
the apheresis device and the second sensor may sense inter 
alia, platelets WithdraWn to determine a platelet count in the 
second ?oW path. A container communicating With the 
second ?oW path may be provided to store the blood 
platelets WithdraWn, and the system may further comprises 
machine readable or human readable data storage media 
carried by the container for storing information regarding 
platelet count sensed by one or both of said sensors. To 
reduce the number of human interventions required, the 
system may itself include a data recording device for receiv 
ing a signal from one or more of the sensors and recording 
the data regarding the sensed characteristic. The data record 
ing device may be a printer for printing a human or machine 
readable report of the characteristic sensed, such as directly 
on the container or on a label af?Xed to the container. 

Alternatively, the container may carry a machine readable 
electronic data storage device, and the data recording device 
be adapted to transfer data regarding the selected character 
istic sensed by the sensor to the electronic data storage 
device. An electronic data storage device may preferably 
comprise a non-volatile semiconductor memory, or “Write 
once, reads many times” memory so that the data is not 
inadvertently lost or destroyed by poWer loss. In other 
Words, a memory or processing chip may be added to the 
blood constituent storage container, such as permanently 
mounted in the tail ?ap of the container, With a non-volatile 
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memory, for receiving and storing data for later access by the 
appropriate electronic reading instrument. 

[0022] The blood component storage container also may 
include a microelectromechanical sensor carried by the 
container and communicating With the container compart 
ment for sensing a selected characteristic, for eXample just 
before administration to a patient, of the blood component 
received or stored therein. Such a sensor similarly may 
include a non-volatile semiconductor memory or so-called 
“Write once, read many times” data storage. 

[0023] In accordance With another aspect, the present 
invention may be directed to a blood processing system for 
providing a characteriZed blood constituent product in Which 
the system comprises: an apheresis device for separating one 
or more desired cellular blood constituents from a suspen 
sion comprising Whole blood, a ?rst ?uid ?oW path com 
municating With the apheresis device for introducing a 
suspension comprising Whole blood into the device, a sec 
ond ?uid ?oW path communicating With the apheresis device 
for WithdraWing at least one desired cellular blood constitu 
ent from the device, a container communicating With the 
second ?uid ?oW path for receiving the blood constituent 
WithdraWn from the apheresis device, machine readable or 
human readable data storage media carried by the container, 
at least one microelectromechanical sensor communicating 
With the ?rst ?uid ?oW path for sensing at least one 
characteristic of the Whole blood and for generating at least 
one electrical signal responsive to such sensing, at least one 
microelectromechanical sensor communicating With the sec 
ond ?oW path for sensing the quantity of cellular blood 
constituent WithdraWn from the apheresis device and for 
generating an electrical signal responsive to such sensing, a 
data recorder adapted to receive the electrical signals from 
the sensors and to record data regarding the sensed charac 
teristics on the data storage media, Whereby a user may 
readily identify the sensed characteristic regarding the Whole 
blood and the quantity of the desired cellular constituent in 
the container With a minimum of human intervention. 

[0024] This system may further include a sensor commu 
nicating With the second ?uid ?oW path for sensing the 
quantity of a non-desired biologic constituent in the How 
path and generating an electrical signal responsive to the 
quantity, the data recorder being adapted to receive such 
signal and record data regarding the quantity of non-desired 
cellular constituent in the data storage media for access by 
a user of the product in the container. The non-desired 
biologic component may be a viral constituent, or a cellular 
constituent, such as White cells. 

[0025] As before, the system may include a controller 
adapted to receive the signals from the sensors communi 
cating With the ?rst and second ?uid ?oW paths and to 
control the apheresis device in response to one or more of 
such signals to provide a desired cellular blood constituent 
product characteriZed by data recorded in the data storage 
media in accordance With characteristics sensed by the 
sensors. The data storage media may comprise machine 
readable graphics carried on the container, for eXample, a 
bar code. The system may also, When WithdraWing blood 
from a donor or patient, for eXample, generate a human 
readable report for the donor or patient containing selected 
data regarding one or more of the sensed characteristics. 

[0026] In accordance With another aspect of the present 
invention, a biological suspension processing system may be 
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provided Which includes: a blood treatment device for 
treating one or more components of a biological suspension, 
a human subject, a ?rst ?uid ?oW path communicating With 
the vascular system of the human subject and the treatment 
device for introducing blood from the human subject into the 
treatment device, a second ?uid ?oW path communicating 
With the treatment device for WithdraWing a constituent of 
the blood from the treatment device, a third ?uid ?oW path 
communicating With the treatment device from WithdraWing 
another constituent of the blood from the treatment device, 
and at least one microelectromechanical sensor communi 
cating With one of said ?uid ?oW paths for sensing a selected 
characteristic of the ?uid Within the ?oW path. 

[0027] The sensor may generate a signal responsive to one 
or more selected characteristic of the ?uid in one of the ?uid 
?oW path, With the suspension treatment device including a 
controller adapted to receive the sensor signal and to control 
the treatment device in response thereto. In the situation 
Where the third ?uid ?oW path communicates With the 
human subject, and the treatment device is adapted to add 
anticoagulant to the blood in the ?rst ?uid ?oW path, the 
selected characteristic may include the hematocrit of blood 
in the ?rst ?uid ?oW path. In that setting, the controller may 
control the addition of anticoagulant into the ?rst ?uid ?oW 
path to prevent too much anticoagulant from being returned 
to the donor or patient, because, as is Well knoWn eXcess 
anticoagulant ?oW to the donor or patient may have delete 
rious consequences. 

[0028] The signal from the sensor and the control of the 
treatment device is not limited, hoWever, to the safety of the 
human subject. The controller may, for eXample, in response 
to the signal control the treatment device to WithdraW a 
constituent of desired quality, to WithdraW a constituent of 
desired quantity, to WithdraW a constituent that is depleted of 
an undesired component, or to WithdraW a selected mini 
mum quantity of constituents, such as platelets, red cells or 
plasma, or to WithdraW a certain amount of constituent in a 
maXimum or minimum procedure time. 

[0029] In a more speci?c embodiment of the present 
invention, the MEMS sensor(s) or other MEMS devices are 
located on a common disposable carrier or cassette. The 
carrier includes internally de?ned ?uid ?oW passageWays 
that may be selectively opened or closed by macro or MEMS 
scale valves to control ?oW of ?uid to the sensors in 
response to control signals from the device controller. The 
carrier is preferably adapted to inter?t With a reusable 
reader/controller Which cooperates With the MEMS devices 
located in the cassette to provide a signal responsive to the 
sensed characteristic, Which signal may be used to optimiZe 
the treatment procedure or to identify the sensed character 
istic for later association With or labeling of the collected 
blood product, or to control the ?oW of ?uid through the 
cassette. 

[0030] Although the carrier may take several different 
forms, in one form of a cassette, it is comprised of a rigid 
plastic base that mounts a plurality of MEMS sensors or 
other MEMS devices such as valves or pumps, and has 
preformed passageWays de?ned in the base With ?uid ?oW 
control valve modules located to control the ?oW of selected 
?uid to the desired MEMS sensor. The cassette may include 
preformed open passageWays that are closed by a resilient 
membrane Which overlies one side of the cassette and is 
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sealed to the passageWay Walls (either temporarily by pres 
sure eXerted by the reader or permanently by solvent or sonic 
bonding) to close the passageWays. The membrane may 
cooperate, such as by mechanical or pneumatic actuation, 
With the valve modules to control the ?oW of ?uid through 
passageWays in the MEMS cassette. 

[0031] The present invention is not limited to a particular 
type of MEMS sensor or to a particular principle of opera 
tion. The MEMS devices useful in the present invention may 
be static or dynamic, purely mechanical, biomechanical or 
electromechanical. They may also include optical compo 
nents, and they may be dry or used in combination With 
liquid reagents or other liquids. 

[0032] One type of MEMS sensor that holds promise for 
apheresis procedures is a microcytometer in Which particles, 
for eXample cells, or cell fragments, are fed through a 
narroW, micro?uidic channel in single ?le. Other MEMS 
sensors may be based, for eXample, on centrifugal microf 
luidics analysis employing a rotating compact disc that 
employs, for eXample, a micro-?uidics manifold and spec 
trophotometric cuvette formed on the surface of the disc, 
Which may be read by an optical disc reader. 

[0033] Because certain MEMS devices may require spe 
cial or separate steriliZation procedures as compared to other 
MEMS devices, the present invention also contemplates that 
there may be more than one MEMS carrier or cassette. For 
eXample, MEMS employing reagents may require a different 
sterilization technique, such as ethylene oxide sterilization, 
as compared to purely mechanical or electro/mechanical, 
optical/mechanical or optical/electrical MEMS devices, 
Which may be suitable for radiation or heat steriliZation. 
There may also be other reasons for having more than one 
MEMS cassette, including ease of manufacturing, ease of 
mounting or assembly on the treatment device, and the like. 
In such case, the MEMS cassette may be attached to the 
remainder of the ?uid circuit after steriliZation, as by sterile 
docking or other sterile connection procedure. 

[0034] Fluid may be pumped through the MEMS cassette 
by the peristaltic pumps that are typically employed on 
apheresis devices for moving blood and blood components 
through the tubing set or, alternatively, the MEMS cassette 
itself may include macro and/or MEMS-scale pumps for 
circulating ?uid through the MEMS cassette and to the 
desired MEMS sensor. Similarly, liquid ?oW through the 
cassette may be controlled by MEMS scale valves, or by 
macro scale valves such as those employed in the ?uid ?oW 
control modules of the Amicus apheresis centrifuge mar 
keted by Baxter Healthcare. 

[0035] Additional aspects and features of the present 
invention are set forth in the folloWing detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is schematic ?oW chart of a suspension 
treatment system embodying the present invention. 

[0037] FIG. 2 is a softWare/data ?oW chart for a control 
and data ?oW system that may be employed in the present 
invention. 

[0038] FIG. 3 is a perspective vieW of a reusable suspen 
sion treatment device, speci?cally an apheresis device, 
embodying the present invention. 














