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(57) ABSTRACT 

A ?ow management system comprising a ?rst panel having 
a ?uid pathway and a second panel having a ?uid pathway 
for passing a second ?uid. The ?uid pathway of the ?rst 
panel passes a ?rst ?uid. The ?rst panel includes a ?rst 
compartment to receive a volume of the ?rst ?uid. The 
second panel includes a second compartment to receive a 
volume of the second ?uid. The ?rst and second panels are 
aligned so that the ?rst compartment overlays the second 
compartment. The ?ow management system may be placed 
within a gap de?ned by a ?rst surface and a second surface. 
The ?rst and second compartments are disposed within the 
gap so that the second compartment bears against the second 
surface as the second ?uid ?lls the second compartment and 
forces the ?rst ?uid out from the ?rst compartment as the 
?rst compartment bears against the ?rst surface. 
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SYSTEMS AND METHODS FOR PERFORMING 
BLOOD PROCESSING AND/OR FLUID 

EXCHANGE PROCEDURES 

[0001] This is a divisional of pending US. application Ser. 
No. 10/041,949 ?led Jan. 7, 2002 Which is a continuation 
in-part of co-pending US. application Ser. No. 09/451,238, 
?led Nov. 29, 1999, noW abandoned; Ser. No. 09/513,773, 
?led Feb. 25, 2000, Ser. No. 09/513,911, ?led Feb. 25, 2000, 
Which issued as US. Pat. No. 6,579,253; Ser. No. 09/513, 
771, ?led Feb. 25, 2000, Which issued as US. Pat. No. 
6,673,314; Ser. No. 09/513,446, ?led Feb. 25, 2000, noW 
abandoned; Ser. No. 09/513,902, ?led Feb. 25, 2000, Which 
issued as US. Pat. No. 6,554,789; Ser. No. 09/512,927, ?led 
Feb. 25, 2000, Which issued as US. Pat. No. 6,589,482; Ser. 
No. 09/512,929, ?led Feb. 25, 2000, Which issued as US. 
Pat. No. 6,638,477; Ser. No. 09/513,910, ?led Feb. 25,2000 
Which issued as US. Pat. No. 6,830,553; Ser. No. 09/513, 
564, ?led Feb. 25, 2000, noW abandoned; Ser. No. 09/513, 
915, ?led Feb. 25, 2000, Which issued as US. Pat. No. 
6,595,943; and Ser. No. 09/894,236, ?led Jun. 27, 2001, 
Which issued as US. Pat. No. 6,955,655; Which is a divi 
sional of Ser. No. 08/800,881, ?led Feb. 14, 1997, noW 
abandoned. Each of the above-identi?ed applications is 
expressly incorporated herein by reference in their entirety. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0002] The following description of ?eld of the invention 
is intended to server only as an approximate indication of the 
area of technology to Which the invention relates and not to 
circumscribe the scope of the invention. 

FIELD OF THE INVENTION 

[0003] This invention relates to systems and methods for 
processing blood or other ?uids that are conveyed to and 
from an animal body, e. g., for dialysis, ?ltration, pheresis, or 
other diagnostic or therapeutic purposes. The systems may 
include roller guides on pumps, alignment using pump 
tubing ?tments, air detector tube pushers for loading, blood 
leak detector, temperature sensing, and pressure sensing. 

BACKGROUND OF THE INVENTION 

[0004] There are many types of blood processing and ?uid 
exchange procedures, each providing different therapeutic 
effects and demanding different processing criteria. Typi 
cally, such procedures entail the removal of blood or another 
?uid from an individual and the return of blood or another 
?uid to the individual in a controlled fashion. Examples of 
such procedures include hemo?ltration (HF), hemodialysis 
(HD), hemodialysis With hemo?ltration (HDF), and perito 
neal dialysis (PD). 

[0005] In carrying out these procedures, specially 
designed ?uid circuits, Which can be complex and convo 
luted, are placed into a prescribed operative association With 
pumps, clamps, and sensors, Which are typically mounted on 
a machine that is also specially designed to carry out the 
intended procedure. Numerous safety and control elements 
of the ?uid circuit and the machine must be placed in 
operative association in order to carry out the procedure in 
the intended Way. As a consequence, the process of loading 
a ?uid circuit on the machine can be tedious and error-prone. 
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[0006] There is a need for simplicity and convenience 
When loading a ?uid circuit in a prescribed Way in associa 
tion With safety and control elements on a blood and/ or ?uid 
processing machine. 

[0007] Typically, When performing the blood processing 
and ?uid exchange procedures of the type just described, a 
replacement or make-up ?uid is returned back to the indi 
vidual in some proportion to the amount of ?uid that is 
removed from the individual. The type and make-up of 
?uids that these procedures handle vary according to the 
particular treatment modality being performed, e.g., among 
Waste ?uid and replacement ?uid (in HF or HDF); or 
replacement ?uid and dialysis solution (in HD or HDF); or 
fresh peritoneal dialysis solution and spent peritoneal dialy 
sis solution (in PD. Controlled balancing of ?uid amounts 
can be achieved by monitoring the Weights of ?uid removed 
and replacement or makeup ?uid. HoWever, Weight sensing 
itself requires additional ?uid circuit elements (e.g., Weigh 
containers), additional hardWare elements (e.g., Weigh 
scales), as Well as additional processing control and feed 
back features. These items add further complexity to the 
systems and their operation. 

[0008] There is also a need for simplicity and convenience 
When undertaking a controlled balancing of ?uids during a 
blood processing and/or ?uid exchange procedure. 

SUMMARY OF THE INVENTION 

[0009] One aspect of the invention provides systems and 
methods for processing blood and/or other ?uids, Which 
include a ?uid interface betWeen a ?uid processing circuit 
and a ?uid processing machine that makes possible a fast, 
convenient, one step process for loading the ?uid processing 
circuit on the machine. 

[0010] In one embodiment, the systems and methods 
consolidate all blood and ?uid ?oW paths in a unitary, easily 
installed cartridge. The cartridge establishes a ?xed orien 
tation for ?uid circuit elements and their operative interface 
With the hardWare elements, such as pumps, sensors, and 
clamps, on the processing machine. The ?xed orientation 
requires that all safety and control elements on the cartridge 
and machine are brought into operative association in a 
single, straightforWard loading step. Due to the cartridge, the 
operator cannot place one part of the ?uid circuit into an 
operating condition With one or more hardWare elements on 
the machine Without placing the entire ?uid circuit into an 
operating condition With all the hardWare elements on the 
machine. The consolidation of all blood and ?uid ?oW paths 
in a single, easily installed cartridge also avoids the potential 
of contamination, by minimizing the number of connections 
and disconnections needed during a given treatment session. 

[0011] Another aspect of the invention provides systems 
and methods for processing blood and/or other ?uids that 
makes possible the performance of accurate, synchroniZed 
volumetric ?uid balancing, Without the need for Weight 
sensing. 
[0012] Other features and advantages of the inventions are 
set forth in the folloWing speci?cation and attached draW 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a diagrammatic vieW of a system that 
includes a machine and ?uid processing cartridge that, in 
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use, is mounted on the machine for conducting various types 
of blood processing and/or ?uid exchange procedures; 

[0014] FIG. 2 is a front perspective vieW of an embodi 
ment of a machine that can form a part of the system shoWn 
in FIG. 1; 

[0015] FIG. 3 is a plane vieW of the exterior surface of an 
embodiment of a ?uid processing cartridge that can form 
part of the system shoWn in FIG. 1; 

[0016] FIGS. 4 to 6 are side elevation vieWs shoWing the 
loading of the ?uid processing cartridge shoWn in FIG. 3 
onto the machine shoWn in FIG. 2; 

[0017] FIG. 7 is a perspective exploded vieW of the ?uid 
processing cartridge shoWn in FIG. 3; 

[0018] FIG. 8 is a plane vieW of the exterior surface of the 
?uid processing cartridge shoWn in FIG. 3, With the cover 
member removed to shoW the channels that guide the 
passage of ?exible tubing that forms a part of the ?uid circuit 
carried by the cartridge; 

[0019] FIG. 9 is a plane vieW of the interior surface of the 
?uid processing cartridge shoWn in FIG. 3; 

[0020] FIGS. 10 and 11 are plane vieW of ?uid manage 
ment modules that form a part of the ?uid circuit carried by 
the cartridge; 

[0021] FIG. 12 is a schematic vieW of a ?uid circuit for 
carrying out hemo?ltration, Which the cartridge shoWn in 
FIG. 3 can be con?gured to form; 

[0022] FIG. 13 is a perspective vieW of the inside of the 
door of the machine shoWn in FIG. 2; 

[0023] FIG. 14 is a largely schematic side section vieW of 
the overlaying ?uid balancing compartments that are part of 
the ?uid management modules shoWn in FIGS. 10 and 11, 
shoWing their orientation With valve elements carried by on 
the machine shoWn in FIG. 2; 

[0024] FIG. 15 is a front perspective vieW of an embodi 
ment of a chassis panel that the machine shoWn in FIG. 2 
can incorporate; 

[0025] FIG. 16 is a back perspective vieW of the chassis 
panel shoWn in FIG. 15, shoWing the mechanical linkage of 
motors, pumps, and valve elements carried by the chassis 
panel; 

[0026] FIG. 17 is a side section vieW of one of the clamp 
elements shoWn in FIGS. 15 and 16; 

[0027] FIG. 18 is a diagrammatic vieW of a telemetry 
netWork that can form a part of the system shoWn in FIG. 
1; and 

[0028] FIG. 19 is a plane vieW of a graphical user inter 
face that the machine shoWn in FIG. 2 can incorporate. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0029] The invention may be embodied in several forms 
Without departing from its spirit or essential characteristics. 
The scope of the invention is de?ned in the appended claims, 
rather than in the speci?c description preceding them. All 
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embodiments that fall Within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced by the claims. 

I. System OvervieW 

[0030] FIG. 1 shoWs a system 10 that is Well suited for 
handling ?uids in support of various types of blood pro 
cessing and/or ?uid exchange procedures. The system 10 
includes a durable hardWare component or machine 16 (see 
FIG. 2) and a removable ?uid processing cartridge 18 (see 
FIG. 3) that is intended to be installed in operative asso 
ciation With the machine 16 for use (see FIGS. 4 to 6). 

[0031] The system 10 is suitable for use in many diverse 
treatment modalities during Which blood and/or ?uid are 
conveyed to and from an animal body. In particular, the 
system 10 is Well suited for treatment modalities during 
Which one ?uid is removed from the body and replaced With 
another ?uid in a controlled fashion. Such modalities 
include, e.g., hemo?ltration (HF), hemodialysis (HD), 
hemodialysis With hemo?ltration (HDF), and peritoneal 
dialysis (PD). 

[0032] For example, the system 10 can perform hemo?l 
tration, e.g., to treat an individual Whose renal function is 
impaired or lacking, according to different selected proto 
cols. The system 10 can be adapted to perform hemo?ltra 
tion at relatively high blood ?oW rates to enable relatively 
short session time intervals, as Well as at loWer blood ?oW 
rates and over longer session time intervals. The former 
protocol can be adopted to achieve hemo?ltration three or 
more times a Week. The latter protocol can be adapted to 
achieve an overnight treatment regime, Which can be called 
“nightly hemo?ltration.” Nightly hemo?ltration can be con 
ducted at intervals less or more frequent than three times a 
Week. Alternatively, the system 10 can be adapted to perform 
hemo?ltration on an acute basis, or on an intermittent 

chronic basis, at virtually any prescribed time interval and 
treatment pattern that achieves the maintenance of uremic 
toxin levels Within a comfortable range. Thus, the system 10 
can be adapted to perform multiple hemo?ltration treatments 
per day at varying session times, morning, afternoon, or 
night, or a combination thereof. 

[0033] The system 10 can also just as readily be adapted 
to perform hemodialysis (HD) or hemodialysis With hemo 
?ltration (HDF). The ?uid balancing functions that the 
system 10 can perform, as Will be described in greater detail 
later, can also be readily adapted for use, either individually 
or in combination, in systems intended to perform pre 
scribed peritoneal dialysis modalities. 

[0034] The type and make-up of ?uids that the system 10 
can balance can and Will vary according to the particular 
treatment modality being performed, e.g., among Waste ?uid 
and replacement ?uid (in HF or HDF); or replacement ?uid 
and dialysis solution (in HD or HDF); or fresh peritoneal 
dialysis solution and spent peritoneal dialysis solution (in 
PD). The terminology employed in this Speci?cation in 
characterizing a particular type or make-up of ?uid, or as 
ascribing a source, destination, or direction of ?uid ?oW in 
the context of describing one treatment modality is not 
intended to be interpreted as being limited to that particular 
type or make up of ?uid or that particular ?oW source, 
destination, or direction. Rather, a person of skill in the art 
Will readily appreciate that the ?uid type and make up and 
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the ?oW particulars relating to volumetric ?uid balancing 
can vary with different treatment modalities. 

A. Fluid Processing Machine 

[0035] The machine 16 (see FIG. 2) is preferably light 
Weight and portable, presenting a compact footprint, suited 
for operation on a table top or other relatively small surface 
normally found, e.g., in a hospital room or in a home. The 
compact siZe of the machine 16 also makes it Well suited for 
shipment to a remote service depot for maintenance and 
repair. 
[0036] Desirably, the machine 16 includes an operator 
interface 44 (see FIG. 2). FIG. 19 shoWs a representative 
display 324 for the operator interface 44 for the machine. 
The display 324 comprises a graphical user interface (GUI), 
Which, in the illustrated embodiment, is displayed by the 
interface 44 on the exterior of the door 28, as depicted in 
FIG. 2. The GUI can be realiZed, e.g., as a membrane sWitch 
panel, using an icon-based touch button membrane. The 
GUI can also be realiZed as a “C” language program. 

[0037] The GUI 324 presents to the operator a simpli?ed 
information input and output platform, With graphical icons, 
push buttons, and display bars. The icons, push buttons, and 
display bars are preferably back-lighted in a purposeful 
sequence to intuitively lead the operator through set up, 
execution, and completion of a given treatment session. 

B. The Fluid Processing Cartridge 

[0038] The processing cartridge 18 (see FIG. 3) provides 
the ?uid interface for the machine 16. The ?uid interface 
betWeen the cartridge 18 and machine 16 makes possible a 
fast and convenient one step process for loading the car 
tridge 18 for use on the machine 16 (see FIGS. 4 to 6). 

[0039] In one embodiment, the cartridge 18 establishes a 
?xed orientation for ?uid circuit elements and their opera 
tive interface With the hardWare elements, such as pumps, 
sensors, and clamps, on the machine 16. The ?xed orienta 
tion requires that all safety and control elements on the 
cartridge 18 and machine 16 are brought into operative 
association in a single, straightforWard loading step. Due to 
the cartridge 18, the operator cannot place one part of the 
?uid circuit into an operating condition With one or more 
hardWare elements on the machine 16 Without placing the 
entire ?uid circuit into an operating condition With all the 
hardWare elements, including safety systems, on the 
machine 16. 

[0040] Desirably, the cartridge 18 makes possible the 
elimination of air-blood interfaces, and/or positive pressure 
monitoring. In association With the machine 16, the ?uid 
cartridge 18 can also perform accurate, synchronized volu 
metric ?uid balancing, Without the need for Weight sensing, 
as Will be described in greater detail later. 

[0041] The consolidation of all blood and ?uid ?oW paths 
in a single, easily installed cartridge 18 avoids the potential 
of contamination, by minimiZing the number of connections 
and disconnections needed during a given treatment session. 
By enabling a dWell or Wait mode on the machine 16, the 
cartridge 18 can remain mounted to the machine 16 after one 
treatment session for an extended dWell or break period and 
alloW reconnection and continued use by the same person in 
a subsequent session for any reason, for example, or in a 
continuation of a session folloWing x-rays or testing. 
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[0042] The cartridge 18 can therefore provide multiple 
intermittent treatment sessions during a prescribed time 
period, Without exchange of the cartridge 18 after each 
treatment session. The time of use con?nes are typically 
prescribed by the attending physician or technical staff for 
the treatment center to avoid bio-contamination and can 
range, e.g., from 48 hours to 120 hours, and more typically 
72 to 80 hours. The cartridge 18 can carry a bacteriostatic 
agent that can be returned to the patient (e.g., an anticoagu 
lant, saline, ringers lactate, or alcohol) and/ or be refrigerated 
during storage. 
[0043] The single step loading function can be accom 
plished in various Ways. In the illustrated embodiment (see 
FIG. 2), the machine 16 includes a chassis panel 26 and a 
panel door 28. The door 28 moves on a pair of rails 31 in a 
path toWard and aWay from the chassis panel 26 (as shoWn 
by arroWs in FIG. 2). A slot 27 is formed betWeen the chassis 
panel 26 and the door 28. As FIGS. 4 to 6 shoW, When the 
door 28 is positioned aWay from the panel 26, the operator 
can, in a simple vertical (i.e., doWnWard) motion (see FIG. 
4), move a ?uid processing cartridge 18 into the slot 27 and, 
in a simple horiZontal (i.e., sideWay) motion (see FIG. 5), ?t 
the cartridge 18 onto the chassis panel 26. When properly 
oriented, the ?uid processing cartridge 18 may rest on the 
rails 31 to help position the cartridge 18. As FIG. 6 shoWs, 
movement of the door 28 toWard the panel 26 engages and 
further supports the cartridge 18 for use on the panel 26. This 
position of the door 28 Will be called the closed position. 

[0044] The machine 16 preferably includes a latching 
mechanism 30 and a sensor 32 (see FIG. 2) to secure the 
door 28 and cartridge 18 against movement before enabling 
circulation of ?uid through the cartridge 18. 
[0045] The cartridge 18 can be constructed in various 
Ways. FIG. 3 (in an assembled vieW) and FIG. 7(in an 
exploded vieW) shoW an embodiment of a cartridge 18, 
Which can be used to in association With the machine 16 to 
perform a selected treatment modality. In this embodiment, 
the cartridge 18 includes a preformed support frame 400 
manufactured, e.g., by thermoforming polystyrene or 
another comparable material. The support frame 400 pre 
sents an exterior surface 402 (shoWn in plane vieW FIG. 8) 
and an oppositely facing interior surface 404 (shoWn in 
plane vieW in FIG. 9). 
[0046] When installed for use on the machine 16, the 
exterior surface 402 is oriented toWard the door 28, and the 
interior surface 404 is oriented toWard the chassis panel 26. 
An icon 440 imprinted on the exterior surface 402 (see FIG. 
8) guides the operator in mounting the frame 400 on the 
chassis panel 26 in the proper front-to-back and up-and 
doWn orientation. 

[0047] As FIG. 7 best shoWs, the interior surface 404 of 
the frame 400 carries a ?exible ?uid circuit 408. In the 
illustrated embodiment, the ?exible ?uid circuit 408 com 
prises one or more individual ?uid management modules. 
The modules can be dedicated to different processing func 
tions. For example, one module can handle ?uid being 
removed from the body, While another module can handle 
?uid being supplied to the body. These processing functions 
can be synchronized by various means of orienting the 
modules With each other, and With the common hardWare 
elements on the machine 16. 

[0048] In the illustrated embodiment (see FIG. 7), tWo 
modules 424 and 426 are provided, Which are shoWn indi 
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vidually in FIGS. 10 and 11, respectively. As FIG. 7 shows, 
lengths of ?exible tubing 418 communicate With modules 
424 and 426 of the ?exible ?uid circuit 408, to convey ?uid 
to and from the modules 424 and 426. Together, the ?exible 
?uid circuit 408 and tubing 418 form a ?uid processing 
circuit 420. 

[0049] The modules 424 and 426 themselves can be 
constructed in various Ways, depending upon the particular 
processing functions that are intended to be performed. 

[0050] In the illustrated embodiment (see FIGS. 10 and 
11), the modules 424 and 426 take the form of ?uid circuit 
bags 434 and 436. Each bag 434 and 436 is formed, e.g., by 
radio frequency Welding together tWo sheets of medical 
plastic material (e.g., polyvinyl chloride). Each bag 434 and 
436 includes an interior array of radio frequency seals 
forming ?uid paths, chamber regions, sensor regions, and 
clamp regions. 

[0051] In the illustrated embodiment, When secured to the 
interior surface 404 of the frame 400 (see FIGS. 7 and 9), 
the bag 434 rests over the bag 436, so that portions of the 
?uid circuits de?ned by the modules 424 and 426 overlay 
one another. As Will be explained later, this makes possible 
synchronization of different processing functions using 
common hardWare elements on the machine 16. 

II. Telemetry for the System 

[0052] The system 10 can also include a telemetry net 
Work 22 (see FIGS. 1 and 18). The telemetry netWork 22 
provides the means to link the machine 16 in communication 
With other locations 254 via, e.g., cellular netWorks, digital 
netWorks, modem, Internet, or satellites. A given location 
254 can, for example, receive data from the machine 16 at 
the treatment location or transmit data to a data transmis 
sion/receiving device 296 at the treatment location, or both. 
A main server 256 can monitor operation of the machine 16 
or therapeutic parameters of the person undergoing the 
speci?ed treatment. The main server 256 can also provide 
helpful information to the person undergoing the speci?ed 
treatment. The telemetry netWork 22 can doWnload process 
ing or service commands to the data receiver/transmitter 
296. 

1. Remote Information Management 

[0053] FIG. 18 shoWs a representative telemetry netWork 
22 in association With a machine 16 that carries out a 
speci?ed treatment modality. The telemetry netWork 22 
includes the data receiver/transmitter 296 coupled to the 
machine 16. The data receiver/transmitter 296 can be elec 
trically isolated from the machine 16, if desired. The telem 
etry netWork 22 also includes a main data base server 256 
coupled to the data receiver/transmitter 296 and an array of 
satellite servers 260 linked to the main data base server 256. 

[0054] The data generated by the machine 16 during 
operation is processed by the data receiver/transmitter 296. 
The data is stored, organiZed, and formatted for transmission 
to the main data base server 256. The data base server 256 
further processes and dispenses the information to the sat 
ellite data base servers 260, folloWing pre-programmed 
rules, de?ned by job function or use of the information. Data 
processing to suit the particular needs of the telemetry 
netWork 22 can be developed and modi?ed Without chang 
ing the machine 16. 
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[0055] The main data base server 256 can be located, e.g., 
at the company that creates or manages the system 10. The 
satellite data base servers 260 can be located, for example, 
at the residence of a designated remote care giver for the 
person, or at a full time remote centraliZed monitoring 
facility sta?ed by medically trained personnel, or at a remote 
service provider for the machine 16, or at a company that 
supplies the machine 16 or the processing cartridge 18. 

[0056] Linked to the telemetry netWork 22, the machine 
16 acts as a satellite. The machine 16 performs speci?ed 
therapy tasks While monitoring basic safety functions and 
providing the person at the treatment location notice of 
safety alarm conditions for resolution. OtherWise, the 
machine 16 transmits procedure data to the telemetry net 
Work 22. The telemetry netWork 22 relieves the machine 16 
from major data processing tasks and related complexity. It 
is the main data base server 256, remote from the machine 
16, that controls the processing and distribution of the data 
among the telemetry netWork 22, including the ?oW of 
information and data to the person undergoing therapy. The 
person at the treatment location can access data from the 
machine 16 through the local data receiver/transmitter 296, 
Which can comprise a laptop computer, handheld PC device, 
Web tablet, cell phone, or any unit capable of data process 
mg. 

[0057] The machine 16 can transmit data to the receiver/ 
transmitter 296 in various Ways, e.g., electrically, by phone 
lines, optical cable connection, infrared light, or radio fre 
quency, using cordless phone/modem, cellular phone/mo 
dem, or cellular satellite phone/modem. The telemetry net 
Work 22 may comprise a local, stand-alone netWork, or be 
part of the Internet. 

[0058] For example, When the machine 16 noti?es the 
person at the treatment location of a safety alarm condition, 
the safety alarm and its underlying data can also be sent to 
the main server 256 on the telemetry netWork 22 via the 
receiver/transmitter 296. When an alarm condition is 
received by the main server 256, the main server 256 can 
locate and doWnload to the receiving device 296 the portion 
of the operator’s manual for the machine that pertains to the 
alarm condition. Based upon this information, and exercis 
ing judgment, the operator/user can intervene With operation 
of the machine 16. In this Way, the main server 256 can 
provide an automatic, context-sensitive help function to the 
treatment location. The telemetry netWork 22 obviates the 
need to provide on-board context-sensitive help programs 
for each machine 16. The telemetry netWork 22 centraliZes 
this help function at a single location, i.e., a main server 256 
coupled to all machines 16. 

[0059] The telemetry netWork 22 can relay to an inventory 
server 262 supply and usage information of components 
used for the treatment modality. The server 262 can maintain 
treatment site-speci?c inventories of such items, such as 
cartridges 18, ancillary processing materials, etc. The com 
pany or companies that supply the machine 16, the process 
ing cartridge 18, or the ancillary processing material to the 
treatment location 12 can all be readily linked through the 
telemetry netWork 22 to the inventory server 262. The 
inventory server 262 thereby centraliZes inventory control 
and planning for the entire system 10, based upon informa 
tion received in real time from each machine 16. 

[0060] The telemetry netWork 22 can relay to a service 
server 264 hardWare status information for each machine 16. 
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The service server 264 can process the information accord 
ing to preprogrammed rules, to generate diagnostic reports, 
service requests or maintenance schedules. The company or 
companies of the system 10 that supply or service the 
machine 16 can all be readily linked through the telemetry 
netWork 22 to the service server 264. The service server 264 
thereby centraliZes service, diagnostic, and maintenance 
functions for the entire system 10. Service-related informa 
tion can also be sent to the treatment location 12 via the 
receiving device 296. 

[0061] The telemetry netWork 22 can also relay to a 
treatment monitoring server 266, treatment-speci?c infor 
mation pertaining to the therapy provided by each machine 
16. Remote monitoring facilities 268, staffed by medically 
trained personnel, can be readily linked through the telem 
etry netWork 22 to the treatment monitoring server 266, 
Which centraliZes treatment monitoring functions for all 
treatment locations served by the system 10. 

[0062] The telemetry netWork 22 can also provide through 
the device 296 an access portal for the person undergoing 
treatment to the myriad services and information contained 
on the Internet, e.g., over the Web radio and TV, video, 
telephone, games, ?nancial management, tax services, gro 
cery ordering, prescriptions purchases, etc. The main server 
256 can compile diagnostic, therapeutic, and/or medical 
information to create a pro?le for each person served by the 
system 10 to develop customized content for that person. 
The main server 256 thus provide customized ancillary 
services such as on line training, billing, coaching, mentor 
ing, uplinks to doctors, links to patient communities, and 
otherWise provide a virtual community Whereby persons 
using the system 10 can contact and communicate via the 
telemetry netWork 22. 

[0063] The telemetry netWork 22 thus provides the unique 
ability to remotely monitor equipment status, via the inter 
net, then provide information to the user, also via the 
internet, at the location of the equipment. This information 
can include, e.g., What page of the operator’s manual Would 
be the most helpful for their current operational situation, 
actual data about the equipment’s performance (e.g., could 
it use service, or is it set up based on the caretaker’s 

recommendations), data about the current session, i.e., but 
tons pressed, alarms, internal machine parameters, com 
mands, measurements. 

[0064] The remote site can monitor the equipment for the 
same reasons that the user might. It can also retrieve 
information about the machine 16 When it is turned off 
because the telemetry device is self-poWered. It retains all 
information about the machine over a period of time (much 
like a ?ight recorder for an airplane). 

2. On-Site Programming 

[0065] The main server 256 on the telemetry netWork 22 
can also store and doWnload to each machine 16 (via the 
device 296) the system control logic and programs necessary 
to perform a desired treatment modality. Programming to 
alter a treatment protocol to suit the particular needs of a 
single person at a treatments site can be developed and 
modi?ed Without a service call to change the machine 16 at 
any treatment location, as is the current practice. System 
Wide modi?cations and revisions to control logic and pro 
grams that condition a machine 16 to perform a given 
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treatment protocol can be developed and implemented With 
out the need to retro?t each machine 16 at all treatment 
locations by a service call. This approach separates the 
imparting of control functions that are tailored to particular 
procedures, Which can be doWnloaded to the machine 16 at 
time of use, from imparting safety functions that are generic 
to all procedures, Which can be integrated in the machine 16. 

[0066] Alternatively, the control logic and programs nec 
essary to perform a desired treatment protocol procedure can 
be carried in a machine readable format on the cartridge 18. 
Scanners on the machine 16 automatically transfer the 
control logic and programs to the machine 16 in the act of 
loading the cartridge 18 on the machine 16. Bar code can be 
used for this purpose. Touch contact or radio frequency 
silicon memory devices can also be used. The machine 16 
can also include local memory, e.g., ?ash memory, to 
doWnload and retain the code. 

[0067] For example, as FIG. 2 shoWs, the machine 16 can 
include one or more code readers 270 on the chassis panel 
26. The frame 400 carries, e.g., on a label or labels, a 
machine readable (e.g., digital) code 272 (see FIG. 3) that 
contains the control logic and programs necessary to per 
form a desired treatment protocol using the cartridge 18. 
Loading the cartridge 18 on the machine 16 orients the code 
272 to be scanned by the reader(s) 270. Scanning the code 
272 doWnloads the control logic and programs to memory. 
The machine 16 is thereby programmed on site. 

[0068] The code 272 can also include the control logic and 
programs necessary to monitor use of the cartridge 18. For 
example, the code 272 can provide unique identi?cation for 
each cartridge 18. The machine 16 registers the unique 
identi?cation at the time it scans the code 272. The machine 
16 transmits this cartridge 18 identi?cation information to 
the main server 256 of the telemetry netWork 22. The 
telemetry netWork 22 is able to uniquely track cartridge 18 
use by the identi?cation code throughout the system 10. 

[0069] Furthermore, the main server 256 can include pre 
programmed rules that prohibit multiple use of a cartridge 
18, or that limit extended uses to a prescribed period of time. 
An attempted extended use of the same cartridge 18 on any 
machine 16, or an attempted use beyond the prescribed time 
period, Will be detected by the machine 16 or the main server 
256. In this arrangement, the machine 16 is disabled until an 
unused cartridge 18 is loaded on the machine 16. 

[0070] Prior to undertaking set up pressure testing and 
priming of the cartridge 18, the machine 16 can also be 
conditioned to sense, e.g., by ultrasonic means, the presence 
of ?uid in the cartridge. The presence of ?uid indicates a 
reprocessed cartridge. In this arrangement, the machine 16 is 
disabled until a dry, unused cartridge 18 is loaded on the 
machine 16. 

[0071] Service cartridges can also be provided for the 
machine 16. A service cartridge carries a code that, When 
scanned by the reader or readers on the chassis panel 26 and 
doWnloaded to memory, programs the machine 16 to con 
duct a prescribed service and diagnostic protocol using the 
service cartridge 18. 

III. Representative Systems for Conducting Hemo?ltration 

[0072] The particular con?guration of the machine 16 and 
the ?uid processing circuit 420, Which the tubing 418 and 














































