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AUTOMATED PERITONEAL DIALYSIS SYSTEM AND PROCESS
WITH IN-LINE STERILIZATION OF DIALYSATE

FIELD OF THE INVENTION

The invention relates to an automated cyclic peritoneal dialysis system and
process that provides a generally constant supply of dialysis fluid which is mixed,
sterilized, and used in a closed system, and more particularly, to a peritoneal dialysis
system and process wherein the dialysis fluid is sterilized in-line in realtime before
delivery to a patient’s peritoneal cavity.

BACKGROUND OF THE INVENTION

The National Institute of Health (NIH) reports that more than 289 people per
million population in the United States require renal replacement therapy in the form
of dialysis. The main barriers to treating dialysis patients have been expense and
practicality. Moreover, the largest portions of the world’s population live in countries
that do not support dialysis. Patients in those areas who need dialysis must pay for
their own treatment, which leads to a sparing use of material that results in serious
under dialysis and ineffective treatment. In the United States, the need to drive to a
dialysis center for treatment, often over long distances, is a serious barrier to
obtaining dialysis treatment for some needy patients. It is rather impossible o
provide in-center dialysis to patients who cannot get to the clinic. Furthermore,
where there are few dialysis patients there is no highly trained and dedicated staff to
care for the patients’ special needs. In short, the high cost of the current dialysis
methods, massive supplies that must be delivered and stored, inadequate
transportation, and a lack of trained professional healthcare workers capable of

delivering dialysis treatment are serious obstacles for dialysis patients.
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There are two methods of clinical dialysis in widespread use today. They are
called hemodialysis and peritoneal dialysis. They differ in the method by which the
patient’s blood is exposed to the dialysate. Hemodialysis is the most widely used
type of clinical dialysis. In this method, the patient’s blood is taken outside the body
and passed through a dialysis cell, called a hemodialyzer. Hemodialysis removes
excess fluid and toxins from a patient by a process called ultrafiliration, which uses
hydrostatic pressure to force water out of the blood, across the hemodialyzer, and
into the dialysate for removal. The hemodialyzer includes a membrane. The
patient’s blood flows on a sterile side of the membrane while the dialysate flows
along the opposite side. Dialysis of blood toxins and excess water occurs across the
membrane. United States Patent nos. 5,683,584 and 6,074,559 disclose typical
blood filters for use in hemodialysis to filter blood. This process requires the
assistance of trained personnel and subjects the patient to life threatening dangers
of mechanical malfunction, rapid shifts of fluid and metabolite, and surgery
associated with attaching an artery directly to a vein to produce an adequate blood
flow for dialysis treatment. It is also known to reuse a blood filter, and after
reconditioning the hemodialyzers to test the filter membrane when it is fully wetted
with an agueous solution using pressurized air to determine if there is a leak in the
filter membrane, such as disclosed in United States Patent no. 5,808,181.

Peritoneal dialysis was developed as a means of surmounting some of the
difficulties associated with in-center hemodialysis. In addition, peritoneal dialysis is
more suitable for in home use. In peritoneal dialysis, a specially prepared, sterilized
dialysis fluid (dialysate) is instilled into the peritoneal cavity through an in-dwelling
dialysis catheter. Peritoneal dialysis uses an osmotic gradient that is created by
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adding an osmol, usually glucose, to the dialysate to remove the patient's excess
fluid. The toxins move down the gradient and into the dialysate, freeing the body of
toxins. The dialysate is allowed to remain in the peritoneal space for a period,
commonly called the dwell time, in order to maximize the quantity of toxins removed
per unit volume of dialysate. Then, after absorbing body toxins in a long slow
process, the dialysis fluid is removed and discarded. The longer the fluid remains in
the cavity the less effective it becomes at removing waste due to the shift in the
gradient towards equilibrium. The process is then repeated until the level of toxic
metabolites in the blood is reduced to a desired level. This method is commonly
referred to as the “intermittent” or "batch" method due to the fact that multiple one or
two liter bags of fresh, sterilized dialysis solution must be constantly exchanged to
provide the supply of fresh, sterilized dialysate with an acceptable osmotic gradient.

Commercially available, pre-sterilized peritoneal dialysate is expensive. Most
patients have a peritoneal dialysis prescription of ten to fifteen liters per session, five
to six times a week. However, this volume of fluid is frequently inadequate for the
patient’'s need but is all the patient can afford. The home peritoneal patient must
have a large storage space in which to put the dialysis solution he will need until the
next monthly shipment. On average, they must have the capacity to store about
seventy-five to ninety gallons of dialysate to last the month. In addition, the patients
must keep on hand a supply of other dialysis solutions with different glucose levels to
meet changing body conditions.

Infection is one of the greatest dangers of peritoneal dialysis, either at home
or in the hospital. Each time a sterile seal is broken, there is the danger of

introducing bacteria into the system. Thus, each time a patient inserts a tube in a
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bag of fluid, or connects the tubing to his own in-dwelling catheter, or attaches the
drainage bag, or does anything else which opens the system, there is the potential
for contaminating the system and threatening the life of the patient. The more times
the system must be opened, the greater the danger of contamination. The danger is
actually compounded by fatigue, physical incapacity, and carelessness. The more
often the patient must open the system, the less careful he becomes with each
instance.

To overcome the above problems, various automated processes and systems
for peritoneal dialysis have been proposed which seek to overcome the problems
associated with the “batch” method of peritoneal analysis. For example, United
States Patent nos, 4,586,920, 4,718,890, 4,747,822, 5,004,459, and 5,643,201,
issued to the present inventor, all relate to continuous or cyclic peritoneal dialysis
systems and processes for overcoming the problems associated with effective home
dialysis for needy patients. Patent nos. 4,586,920, 4,718,890, and 4,747,882
disclose single and double catheter peritoneal dialysis systems and methods which
are automated in a continuous and cyclic manner. A reverse osmosis unit in
combination with various filters produces sterilized water which is mixed with a
dialysate in a conventional proportioning machine to produce a properly mixed
dialysis solution. The dialysis solution is delivered through a high volume bacterial
filter which sterilizes the dialysis solution. The sterilized dialysis solution is then
stored in a head vessel for use in subsequent dialysis process. To test for
sterilization, the dialysis solution may be cultured in a holding tank to see if a
bacteria grows. Patent no. 5,004,459 discloses an automated cyclic peritoneal

dialysis system and process which automatically adjusts the osmoality of the dialysis
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fluid in response to the amount of fluid removed from the patent. Sterilized dialysis
fluid is provided by mixing sterilized water and dialysate in a sterilized preparation
unit. The dialysis preparation unit is disposed upstream of the dialysis machine
which has been pre-sterilized with bleach or the like. Patent no. 5,643,201 discloses
an automated cyclic tidal peritoneal dialysis system and process having a reverse
osmosis unit for sterilizing water with a concentrate dialysate to produce a
proportioned dialysis solution whereupon the dialysis solution is further heated and
sterilized, and stored in a reservoir before use in the system and process. These
prior systems and processes have mainly been directed to the provision of automatic
control systems and processes having suitable controllers, valves, flow monitors,
and pressure monitors to insure the dialysis process is safe for the patient.
Emphasis has not been placed on providing a suitable constant, realtime source of
sterilized dialysis fluid in an automated, cyclic peritoneal system and process in a
closed loop. The provision of an adequate preparation and supply system for
sterilized dialysis fluid in an automated peritoneal system and process for effective in
home use has remained a problem. Since the intended use of a continuous or cyclic
flow system is in a patient’s home, beyond the supervision of trained medial
personnel, it is of primary importance that every effort be made to sterilize the
system and fluids to protect the patient. Thus, given the present state of the art,
there is a need for improvemént.

Accordingly, an object of the present invention is to provide an automated
peritoneal dialysis system and process wherein the dialysis fluid is reliably sterilized
to provide a generally continuous supply of sterile dialysis fluid available on demand

in a quick, simple, cost efficient manner.
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Another object of the present invention is the provision of a generally
continuous supply of sterilized dialysis solution for use in an automated peritoneal
dialysis process wherein sterilization is achieved realtime in the flow line prior to
patient entry in a reliable manner.

Another object of the present invention is to provide an automated cyclic
peritoneal dialysis system and process using a flow-line sterilization filter and
process which includes an integrity check for the filter to reduce the possibility of
bacteria and other contaminants entering the patient’s peritoneal cavity.

Another object of the present invention is to provide an automated peritoneal
dialysis system and process that adjusts the osmolality of the dialysate to achieve
the prescribed amount of fluid removal best suited for the patient without having to
switch between various bags of dialysate with different concentrations while
sterilizing fluid as it is delivered to the patient.

Another object of the present invention is to provide a continuous peritoneal
dialysis system and process having a high rate of dialysate exchange providing
increased dialysis efficiency through the cost effective production of large volumes of
dialysate.

SUMMARY OF THE INVENTION

The above objectives are accomplished according to the invention in a
peritoneal dialysis system for performing cyclic peritoneal dialysis of the type which
includes delivering sterile dialysate to a patient during fili cycles, and removing spent
dialysate during drain cycles by providing an automated system and process having
a generally constant supply of unsterilized dialysate ready on demand, wherein the

dialysate is sterilized in realtime as the dialysate is delivered to the patent with back-
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up checks on the sterilization process. A fluid circuit is connected to the dialysate
supply for delivering the dialysate to the patient and delivering spent dialysate from
the patient to a drain. An inflow line segment of the fluid circuit delivers the dialysate
from the supply to the patient during fill cycles. Advantageously, at least one in-line
sterilization filter assembly is disposed in the inflow line segment for real-time
sterilization of the dialysate prior to delivery of the dialysate to the patient’s peritoneal
cavity. An outflow line segment of the fluid circuit is provided for connection to the
patient to drain spent dialysate from the peritoneal cavity during drain cycles. A filter
integrity test component is operatively associated with the sterilization filter assembly
for conducting a realtime, in-line integrity test on the filter assembly to test for a filter
failure condition which would allow contaminants into the dialysate prior to patient
delivery. A test sensor in communication with the integrity testing component
detects the failure condition. The sterilization filter assembly includes an inlet port
for receiving unsterilized dialysate during a dialysis mode, and receiving compressed
air during a filter test phase, a sterilization filter medium through which the dialysate
passes for producing sterilized dialysate, and an outlet port through which sterilized
dialysate flows. The inlet and outlet ports are connected in the inflow line segment
for delivery of the sterilized dialysate to the patient’s peritoneal cavity.
Advantageously, the filter testing component may include a source of pressurized
test air, and the fluid circuit includes a test line segment connected between a
pressurized air source and the inlet port acting as an air admission port of the
sterilization filter assembly. An air control valve maintains the inlet port normally
closed to the admission of test air, and the air control valve has an open position for
delivering the test air to the filter assembly during the integrity test so that a real time
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integrity test of the sterilization filter assembly can be made prior to the delivery of
the dialysate to the peritoneal cavity.

The test sensor may sense a drop in pressure across the filter medium, and
the failure condition comprises sensing a pressure drop rate, or decay, -higher than a
predetermined level indicating that the filter medium is not intact. Preferably, a
delivery vessel is connected to the outlet port of the sterilization filter assembly for
accumulating the sterilized dialysate prior to delivery to the patient. There is a
discard line segment included in the fluid circuit connected to the delivery vessel for
discarding dialysate from the delivery vessel when the failure condition is sensed. In
one aspect of the invention, the control valve is set in the open position for delivering
the pressurized air to the air admission port of the filter assembly after the sterilized
dialysate has been delivered to the delivery vessel and prior to delivery of the
dialysate to the patient. In an advantageous embodiment of the invention, a
sterilization unit having a primary sterilization filter assembly and a secondary
sterilization filter assembly is disposed in the fluid circuit. The secondary filter
assembly has an inlet port connected to the delivery vessel for receiving sterilized
dialysate, a sterilization filter medium for sterilizing the dialysate, and an outlet port
for output delivery of the dialysate. The secondary filiration assembly may also
comprise a secondary air admission port connected to the source of pressurized test
air, and a secondary test control valve for admitting test air to the secondary filter
assembly. Again, the dialysate inlet port may also serve as the air admission port
during the filter test mode. A secondary test sensor detects a failure condition of the
secondary filter assembly upon the admission of test air for testing the integrity of the

secondary filter assembly. Preferably, while dialysate is held in the delivery vessel,
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the test control valve associated with the primary filter assembly is set in an open
position to admit pressurized test air, after the dialysate has passed through the
primary filter assembly; and the secondary test control valve is set in an open
position for admitting pressurized test air, before passage of dialysate through the
secondary filter assembly. The post and pre test are preferably done at the same
time. The discard line segment discards dialysate in the delivery vessel when one or
more of the filter assemblies fails the integrity test. In a advantageous aspect of the
invention, a pair of sterilization units may be connected in parallel in the inflow line
segment wherein each one of the sterilization units in the pair includes a primary and
a secondary sterilization filter assembly, and a delivery vessel. A flow control
means, such as a suitable valve arrangement, passes the dialysate thru a selected
one of the sterilization units while isolating the other of the sterilization units from the
inflow line segment. In this manner, the two units may be used in a cyclic manner,
that is, one of the sterilization units may be used during a current fill cycle, while the
other unit is being used to prepare and sterilize dialysate for use in the next fill cycle.
In addition one unit may be used alone while the other is down for replacement or
other maintenance.

An inflow sensor in communication with the inflow line segment measures an
inflow volume of the dialysate and generates an inflow signal. An outflow sensor in
communication with the outflow line segment measures an outflow volume of the
dialysate and generates an outflow signal. A system controller controls the amount
of inflow and outflow in response to the inflow and outflow signals during the fill and
drain cycle. Preferably, the system includes a proportioning sensor responsive to

the inflow and outflow volumes for determining a volume of body waste fluid
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removed from the patient’s peritoneal cavity during the fill and drain cycles. The
system controller controls a proportioning component to adjust the osmolity of the
dialysate in response to the volume of fluid, and controls the fill and drain cycles until
a desired amount of waste is removed from the patient.

According to the method of the invention, an automated, cyclic peritoneal
dialysis process includes an in-line, realtime dialysis fluid sterilization process to
produce a sterilized dialysate. The sterilization process includes preparing an
unsterilized dialysate effective for dialysis, passing the dialysate through at least one
in-line sterilization filter assembly connected in an inflow line to the patient in realtime
prior to delivery to the patient, and testing the sterilization filter assembly in realtime
for a filter failure condition prior to delivering the dialysate to the peritoneal cavity of
the patient. Preferably the dialysate is accumulated and held after passing the
dialysate through the sterilization filter assembly, the integrity of the sterilization filter
assembly is tested after passing the dialysate through the sterilization filter
assembly, and the dialysate is discarded if the integrity test is failed. The process
may also include providing a sterilization unit having a primary sterilization filter
assembly and a second sterilization filter assembly, passing the dialysate through
the primary sterilization filter assembly, accumulating the dialysate, testing the
integrity of the primary and secondary sterilization filter assemblies, and passing the
dialysate through the secondary sterilization filter assembly, if the tests are passed.
The testing step may include testing the integrity of the primary filter assembly after
passing the dialysate through the primary filter assembly, and testing the integrity of
the secondary filter assembly before passing the dialysate through the secondary

filter assembly. The dialysate may again be accumulated after passing through the
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secondary sterilization filter assembly; and the dialysate is delivered to the patient.
The dialysate is discarded after being accumulated if one or more of the filter
assemblies fails the integrity test. In the automatic peritoneal dialysis process,
dialysate is delivered to the patient’s peritoneal cavity of a patient during fill cycles,
and spent dialysate is removed from the patient during drain cycles. The automated
process comprises the steps of: (a) providing a supply of unsterilized dialysate; (b)
passing the unsterilized dialysate from the supply through an in-line sterilization filter
assembly to produce sterilized dialysate in realtime prior to delivery to the patient's
peritoneal cavity; (c) accumulating the sterilized dialysate in a delivery vessel prior to
delivery to the patient; (d) subjecting the in-line filter assembly to a filter integrity test
to test for a filter failure that would allow contaminants into the dialysate prior to
patient delivery; (e) delivering the sterile dialysate from the delivery vessel to the
patient’s peritoneal cavity after the filter integrity test is passed; and (f) repeating
steps (a) through (e) until a volume of fluid has been exchanged that removes a
desired fluid weight from the patient.

Advantageously, the dialysis fluid is accumulated and mixed in a mixing
vessel where the correct proportions of acid, bicarbonate, and glucose are
measured. While the batch of dialysis fluid is being prepared in the mixing vessel,
an optional pre-process integrity test may be performed on the downstream
sterilization filter assembly. After a successful integrity test, the newly prepared
batch of dialysis fluid is sterilized by pumping it through the sterilization filter
assembly and accumulated in a delivery vessel, after which a post-process integrity
test is immediately performed. Once in the delivery vessel, the dialysis fluid is

checked for proper concentrations of acid, bicarbonate, and glucose and heated to
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the correct delivery temperature. Following a successful post-process integrity test
on the sterilization filter assembly, the dialysis fluid is pumped from the delivery
vessel through a second sterilization filter assembly, which has passed an integrity
test, and then into the patient’s peritoneal cavity. In another aspect, the invention
includes an integrity test process that includes purging the upstream side of each
sterilization filter assembly with sterile air, isolating the upstream side of the filter
assemblies, allowing the pressure to stabilize, and monitoring the pressure decay
for a given period of time whereby the rate of decay indicates the integrity of the filter
assemblies. The patient is isolated from the integrity test by a 3-way valve upstream
of the peritoneal port.
BRIEF DESCRIPTION OF THE DRAWINGS

The system and process to carry out the invention will hereinafter be
described, together with other features thereof. The invention will be more readily
understood from a reading of the following specification and by reference to the
accompanying drawing forming a part thereof, wherein an example of the invention
is shown by way of illustration and not limitation and wherein:

Figure 1 is a schematic diagram of the various components of a peritoneal
dialysis system and process according to the invention;

Figure 1A is a schematic diagram of a dialysate preparation component of a
peritoneal dialysis system and process according to the invention;

Figure 1B is a schematic diagram of a dialysate sterilization, patient fill and
drain component of a peritoneal dialysis system and process according to the

invention;
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Figure 1C is a schematic diagram of a sterilization filter test component of a
peritoneal dialysis system and process according to the invention;

Figure 2 is a side elevation with parts cut away of a sterilization filter assembly
of a peritoneal dialysis system and process according to the invention which
provides sterilization of dialysate and integrity testing of the filter in realtime during a
fill cycle of the invention;

Figure 3 is a section taken along line 3-3 of Figure 2;

Figure 4 is a section taken along line 4-4 of Figure 2;

Figure 5 is a section taken along line 5-5 of Figure2;

Figure 6 is a schematic diagram of an alternate embodiment of a pair of
dialysate sterilization units according to the invention;

Figure 7 is a schematic diagram of an alternative embodiment of a pair of
dialysate sterilization units according to the invention;

Figure 8A is a schematic diagram of a peritoneal dialysis system and process
according to the invention in a dialysis mode wherein the flow of dialysate is shown
in heavy lines;

Figure 8B is a schematic diagram of a peritoneal dialysis system and process
according to the invention in a filter integrity test phase wherein the distribution of
pressurized test air is shown in heavy lines;

Figure 8C is a schematic flow diagram of a peritoneal dialysis system and
process according to the invention in a system sterilization mode wherein the flow of

sterilant solution is shown in heavy lines; and
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Figure 9 is a symbol diagram for the various controls, sensors, and other
elements of the schematic diagrams illustrating an automated peritoneal dialysis
system and process according to the invehtion.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

The present invention is related to an automated peritoneal dialysis system .
and process such as disclosed in United States Patent Nos. 4,586,920, 4,718,890,
4,747,822, 5,004,459, and 5,643,201, owned by the present inventor. In particular,
these patents disclose suitable automated control systems and processes for use in
performing continuous or cyclic peritoneal dialysis having application to the present
invention. Accordingly, the disclosures of United States Patent Nos. 4,586,920,
4,718,890, 4,747,822, 5,004,459, and 5,643,201 are incorporated into the present
application by reference. Since the control systems and processes are generally
known from the above incorporated patents, only so much of the control system and
process necessary to the understanding of the present invention will be described.

Referring to the drawings, the present invention will now be described in more
detail. As can best be seen in Figure 1, an automated cyclic peritoneal dialysis
system and process, designated generally as A, is illustrated which provides a real-
time uninterrupted supply of sterilized dialysis fluid upon demand in a closed system.
Basically, the peritoneal dialysis system includes a dialysate
preparation/proportioning component B for mixing and proportioning water and
various ingredients to provide an unsterilized osmotic dialysate; a dialysate
sterilization/fill/drain component C having a sterilization unit 12 for realtime, in-line
sterilization of the dialysate prior to patient delivery; and a filter test component D for

testing the filter system prior to delivery of the dialystate to the patient. A control
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system 16 controls the automated dialysis system and process during the fill and
drain cycles of dialysis fluid in and out of a patient’s peritoneal cavity.

Preferably, the peritoneal dialysis system uses a process known as tidal
dialysis , such as disclosed in the above incorporated patent, U.S. Patent No.
5,643,201, to facilitate the rate of fluid exchange during repeéted fill and drain cycles.
Typically in such a process, a starting volume of fluid of about 2,000 cc is instilled in
the patient’s peritoneal cavity. About one-half of this volume is removed and
replaced every few minutes. The fluid does not remain in the abdomen long enough
to reach equilibrium with the body water, so there is a large concentration gradient
for the toxins favoring the removal of these substances. It is to be understood, of
course, that a the peritoneal dialysis system and process can also be used while
continually preparing and cycling fluid through a patient’s peritoneal cavity in a non-
stop manner to produce a high osmotic gradient capable of rapidly exchanging toxic
metabolites from the body to the dialysate. Because the fluid is being constantly
exchanged, there is no dwell time in the peritoneal and the concentration gradient of
the dialysate remains high to increase dialysis efficiency. The present invention can
also be carried out using continuous flow peritoneal system and process, such as
disclosed in incorporated patents, particularly U.S. Patent nos. 5,643,201, 4,718,890,
and 4,586,920. In this case, the double catheter embodiments of those inventions
will be used.

These techniques of continuous dialysate exchange and tidal dialysate
exchange were devised to circumvent the long periods of almost no fluid flow, which
are inherent in trying to remove all of the peritoneal fluid each cycle with a “batch”

method. The fluid that is readily accessible to the catheter obviously flows better and
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faster than the fluid that is trapped in some of the secondary spaces of the peritoneal
cavity. In addition, the constant increase and decrease in the fluid volume helps to
promote mixing between the old and new fluid and between the main pool and the
smaller pools. The dialysate is pumped into and out of the patient’s peritoneal
cavity, suing pressure sensitive pumps. This ensures that the patient does not
become overly distended. The present invention has the advantage of virtually
unlimited supplies of sterilized dialysate, so that the limit on the amount of fluid it can
exchange is no longer determined by economic factors. A patient has an ideal body
weight based on his height and sex. Weight in excess of this ideal, or “dry” weight, is
assumed to be excess fluid. According to the present invention, the dialysis system
measures the total volume of fluid removed several times during the treatment
session by completely draining the peritoneal cavity. The difference between the
amount instilled and the amount recovered represents the amount removed from the
patient. The system can then calculate the rate of fluid removal, project the amount
which needs to be removed during the remaining time of the treatment and then
increase, or decrease, the glucose concentration accordingly before beginning a new
fili/drain cycle.

Control system 16 may include various sensors and generates various signals
for controlling the exchange of dialysate. By manipulating the various control valves,
pumps and switches, and monitoring the dialysis fluid with the various sensors,
control system 16 effectively delivers a sterilized dialysis fluid to the peritoneal cavity
of a patient in continuous or cyclic fashion which creates higher transfer gradients for
the removal of toxins, which means less overall dialysis time with greater efficiency.
Control system 16 is in electronic communication with various directional fluid control
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sensors 18 that sense the directional flow and provide signals to the control system
so that the control system may direct the flow of fluid through the dialysis system.
Other sensors in the dialysis system used to monitor the dialysis fluid properties and
flow include fluid level sensors 20 and 22, scale 24, and temperature sensor 26 on
vessel 28; fluid level sensors 30 and 32, scale 34, temperature switch 36,
conductivity sensor 38, and Pt RTD sensor 40 on vessel 42; and fluid level sensors
44 and 46, scale 48, and conductivity sensor 50 on vessel 52. Preferably, the
temperature sensors are thermistors operatively associated with control system 16
for monitoring the temperature of the dialysis fluid. In addition, there are pressure
sensors 54, 56, 58, and 60 located at various points throughout the dialysis system
which monitor the systems integrity and any possible danger to the patient of
injecting an overflow of fluid. A pressure switch 62 is operatively associated with
pressure sensor 60 which redirects fluid flow to a safety drain in the event of over-
pressurization to prevent cavity distension.

As can best be seen in Figure 1A, dialysate preparation component B,
includes a reverse osmosis unit (‘RO unit”) 64 for the purification and sterilization of
normal tap water prior to combining the water with various dialysate components
which make up the dialysis fluid. Reverse osmosis is a well known process in the art
for passing water through a semipermeable membrane in order to remove impurities
such as salt, chloramine, and bacteria from the water. Tap water from tap 66 is
directed into RO unit 64 for filtration. Once the water has begun to filter, control
system 16 signals three-way valve 68 to open and allow the water to collect in
degassing unit 70 in order to remove any gas impurities. At this point the water is

cycled through heater 72 to raise the temperature before the fluid can enter the
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body. Temperature sensor 74 monitors the temperature of the cycled water and at a
specified temperature sends a signal to control system 16 which opens two-way
solenoid valve 76 and three-way valve 78 to allow the heated water to enter mixing
vessel 28 where it is mixed with dialysate from dialysate preparation system 12.
Pressure sensor 54 is used to monitor the amount of water in degassing unit 70.

Dialysate preparation component B provides a relatively constant source of
unsterilized dialysis fluid to be introduced into the fluid circuit of the system. The
dialysate preparation component includes various electrolyte concentrates which are
diluted with the sterilized water by the proportioning component which uses
proportioning pumps and weighing systems operatively associated with control
system 16. In the illustrated embodiment, concentrates of acid, bicarbonates and
glucose are provided in reservoirs 80, 82 and 84. A sterilant is provided in reservoir
86 which is used to cleanse the system when needed such as between uses, as will
be explained more fully below. The concentrates are pumped via pumps 88, 90, and
92 to mixing vessel 28 according to signals sent from control system 16 to the
pumps. Sterilant is pumped into the system through pump 94 when used. Mixing
vessel 28 serves as a primary mixing vessel for the in-line production of dialysis fluid.
Although the water has been purified, the mixed dialysis fluid in mixing vessel 28 is
generally unsterilized insofar as use in the peritoneal cavity. It is to be understood
that more than one vessel may be used to mix larger quantities of dialysis fluid.
Concentrated amounts of acid 80, bicarbonate 82, and glucose 84 required for a 3
liter batch of dialysis fluid are dispensed into mixing vessel 28. The amounts may be
verified gravimetrically by a load cell arrangement represented by scale 24.

Degassed and heated water which has passed through RO unit 64 is run into the
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vessel to achieve the desired level of dilution. Dilution level is controlled using
calibrated liquid level sensors in the vessel. The sensors generate signals which are
received by control system 16 when the desired dilution level is reached. The .
components will then be mixed by using a pump to recirculate the liquid. A vent 96
is mounted on the top of mixing vessel 28 which allows air to escape as fluid levels
increase. Preferably, vent 96 is a hydrophobic air filter of 0.2um. Dialysate
preparation component B prepares the unsterilized dialysate in three-liter batches, or
more, and maintains a constant supply in mixing vessel 28.

According to the present invention, unsterilized dialysate accumulated in
mixing vessel 28 is passed through sterilization/fill/drain component C, and sterilized
in realtime during delivery to the patient with checks to ensure the reliability of the
sterilization. In this manner, a generally constant source of large volumes of
sterilized dialysis is readily available upon demand to fulfill either the continuous
exchange of dialysate fluid needs or fill and drain cycles under the control of control
system 16. As can best be seen in Figure 1B, sterilization/fill/drain component C
includes a realtime, in-line dialysate sterilization unit 12 (Figure 1) which preferably
includes a primary sterilization filter assembly E and a secondary sterilization filter
assembly F for sterilizing the dialysate delivered from mixing vessel 28. After the
appropriate mixture is determined and verified in mixing vessel 28, control system 16
operates a gear pump 98 to deliver the dialysate to a main fluid circuit, and through
sterilization/fill/drain component C to the patient and then to a drain. The main fluid
circuit includes flow line segments L1, L2, L3, L4, L5, and L6; recirculating line
segments R1, R2, and R3; by-pass line segments B1 and B2; pressure line segment

P1; and a discharge line segment D1.
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Dialysis Mode

Pump 98 delivers the dialysis fluid from mixing vessel 28, thru first flow line
segment L1 of the main flow circuit to primary sterilization filter assembly E and,
preferably, to secondary sterilization filter assembly F. Line segment L1 includes
gear pump 98, a three-way valve 102, a three-way valve 104, and a two-way
solenoid valve 106 connecting mixing vessel 28 to primary filter assembly E. A
recirculating line segment R1 (Figure 1A) is connected to three-way valve 102 which
can be used to redirect the mixed dialysis fluid back to vessel 28 for further heating
and mixing. In order for the fluid to proceed through the main fluid circuit, control
system 16 controls opening of valves 102, 104, and 106 and activation of pump 98 to
deliver the mixed fluid to sterilization filter assembly E. Filter assembly E includes a
dialysate inlet port 108, a sterilized dialysate outlet port 110, and a non-sterilized
dialysate outlet port 112. In addition, there is a sterilant fluid inlet port 114 for the
admission of sterilant solution, as will be explained more fully hereinafter.
Furthermore, in the preferred embodiment, dialysate fluid inlet port 108 also serves
as a test air admission port for the admission of compressed air to test the integrity
of the filter cell when three-way control valve 104 is opened to allow air from line P1
to enter the filter assembly, as described more fully below. Alternately, two separate
inlet ports 114 can be provided for dialysate and test air. Outlet port 110 is
connected to line segment L2 which includes a two-way solenoid valve 116. Line
segment L2 runs between filter assembly E and a delivery vessel 42. Once dialysate
has been sterilized in sterilization filter assembly E, it proceeds through outlet port
110 and is accumulated in delivery vessel 42 in the form of sterilized dialysate ready

for use in the patient. The delivery vessel incorporates liquid level sensors 30 and
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32 to gauge the amount of fluid being held. The sensors generate signals which are
received by control system 16 when the desired fluid level is accumulated in vessel
42. A vent 118 is mounted on the top of vessel 42 which allows air to escape as fluid
levels increase. Preferably, the vent is a hydrophobic air filter of 0.2um. The vessel
also incorporates a conductivity sensor 38 that determines the osmolality of the
dialysis fluid. The mixture properties can be displayed on a display associated with
control system 16, which can be used to adjust the mixture concentrations and
osmolality according to the patient's needs by signaling pumps 88, 90, and 92 to add
various amounts of acid, bicarbonate, and glucose (Figure 1A). Along with the
conductivity sensor, a Pt RTD sensor 40, is used to make sure that the fluid can
safely be received by the patient. The amounts of acid 80, bicarbonate 82, and
glucose 84 are again verified gravimetrically by a load cell arrangement represented
by scale 34. A flow heater 120 is connected to vessel 42 through recirculation line
segment R2 which includes a three-way manual valve 122 connected to a three-way
solenoid valve 124. Pump 126 cycles dialysate in delivery vessel 42 through
recirculation line segment R2 and the heater until it reaches the predetermined
temperature. Once the temperature is reached, a temperature switch 36 signals
control system 16 that the dialysate is ready for delivery patient use. However, after
passing thru primary sterilization filter assembly E, the dialysate is held in delivery
vessel 42 until integrity test component D verifies that the sterilizing filter is intact, as
described below. Once the integrity test is passed, the dialysate is either pumped to
secondary sterilization filter assembly F, or pumped directly to the patient, as the

case may be. The cycle of mixing and sterilization is repeated as needed to
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maintain an uninterrupted supply of sterile dialysate ready on demand in a closed
system to fill the patient’s prescription.

As noted above, before the fluid enters the patient in the illustrated
embodiment, the main fluid circuit preferably directs the dialysis fluid into second
sterilization filter assembly F by way of line segment L3. Gear pump 126 connected
to vessel 42 is used to deliver the sterilized dialysis fluid from vessel 42 to second
sterilization filter assembly F by means of three-way solenoid valve 124, three-way
solenoid valve 130, and a two-way solenoid valve 132. It is noted that sterilization
filter assembly F has the identical inlet and outlet ports 134, 136, 138, and 140 as
described above in filter assembly E for dialysate, compressed air, and sterilant.
Both sterilant inlet ports 114 and 138 of filier assemblies E, F are connected to two-
way solenoid valves 142a and 142b for the admission of sterilant into the sterilized
fluid collection space 210 of the filter assemblies by way of sterilant line S1 and S2
during the system sterilization phase. Additionally, three-way valves 104, 130 of
both assemblies are opened to admit test air from line P1 into filter assembly F to
conduct an integrity test process during the dialysis phase. Pressure sensors 56 and
58 are used to monitor the integrity test as will be more fully explained below.
Sterilized dialysate exiting outlet port 136 of sterilization filter assembly F is delivered
along line segment L4 to a three-way solenoid valve 146. Valve 146 is connected to
a two-way solenoid valve 148 which allows delivery of fluid to a patient’s peritoneal
cavity P. Alternately, recirculation line segment R3 is connected to three-way vaive
146 which allows the fluid to reenter flow heater 120 for further heating, and return to
delivery vessel 42. In the event that the batch of dialysis fluid does not conform to

the prescribed requirements set by control system 16, a signal is sent to open valve
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156 and direct the dialysis fiuid into drain vessel 52. Pressure sensor 60 is located
directly after valve 148 and monitors the pressure of fluid delivered to the peritoneal
cavity to prevent over extension of the cavity. In the event fluid pressure becomes
dangerous to the patient, pressure sensor 60 signals control system 16 to activate
pressure switch 62 which opens valve 150 and drains the dialysis fluid into safety
drain 152 to prevent distention of the patient’s peritoneal cavity. Quick disconnect
peritoneal port 154 is provided to connect a plug 155 of fluid line segment L4 to a
catheter inserted in the peritoneal cavity of the patient. Quick disconnect port 158
connects flow line L5, which leads to a drain vessel 52, to plug 155 of line L4 during
the system sterilization mode. A two-way solenoid valve 156 can alternatively
deliver the sterilized dialysate in line segment L4 directly to drain vessel 52 by way of
drain line segment D1.

Used dialysis fluid is delivered through line segment L5 into drain vessel 52.
Vessel 52 includes liquid level sensors 44 and 46 to measure the amount of fluid in
vessel 52. As fluid levels rise, air escapes through vent 160 by opening two-way
solenoid valve 162. Vessel 52 also incorporates a scale 48 and conductivity sensor
50 to measure the effectiveness of the used fluid. A three-way solenoid valve 164
connects the outlet of vessel 52 with a solenoid pump 166 along line segment L6
which can be used to pump the used fluid from vessel 52 to a main drain 170 or be
recycled back into the system by way of a three-way solenoid valve 168. A bypass
line segment B1 is connected to three-way valve 164 which allows pump 166 to
directly remove fluid from the patients peritoneal cavity catheter. Liquid level sensor
44 signals control system 16 to activate pump 166 and sends the used fluid o drain

170. A pop safety release valve is also provided at 172 that redirects drain fluid from
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line segment L6 to safety drain 173 as a backup precaution for main drain 170.
Additionally, the non-filtered dialysis fluid which passes through the outlet ports 112
and 140 of filter assemblies E and F is directed through two-way valve 174a and
174b into bypass line segment B2 where the fluid is directed into line segment L6

and drained out of the system by main drain 170.

Sterilization Filter Test Phase

As can best be seen in Figure 1A, filter test component D is preferably
provided in the form of a pressurized air test which measures the decay of a preset
air pressure across the filter medium to determine if the sterilization filter is intact. In
accordance with the invention, when dialysate is accumulated in mixing vessel 28,
an optional pre-process integrity test may be performed on the in-line, sterilization
filter assemblies E, F downstream. The dialysate is sterilized by delivering it from
mixing vessel 28 through sterilization filter assembly E and into delivery vessel 42
where it is held for delivery to peritoneal cavity P. A post-process integrity test is
immediately performed on sterilization filter assembly E to check for proper
sterilization of the dialysate. Preferably, at the same time, a pre-process integrity
test is performed on second in-line, downstream sterilization filter assembly F which
folloWs delivery vessel 42 and precedes delivery of the dialysis fluid to a patient’s
peritoneal cavity. Second sterilization filter assembly F acts as a final defense
against accidentally introducing any microbes or other contaminants into the
patient’s peritoneal cavity that might lead to a life threatening infection. Following
successful post- and pre-process integrity tests on the filter assemblies, and
verification of conductivity and temperature, the sterilized dialysate is pumped from

24



WO 02/066099 PCT/US02/04373

delivery vessel 42 through secondary sterilization filter assembly F back to delivery
vessel 42 and to the patient.

It has been found according to the present invention that suitable sterilization
filter assemblies E and F can be provided by modifying filter cells used in other fields
such as the hemodialysis and pharmaceutical fields. For example, a suitable filter
assembly can be provided by modifying a capillary filter cell used as a hemodialyzer
in a hemodialysis process available from Fresenius USA of Lexington,
Massachusetts, model F7NR, and applied according to the present invention. Since
both filter assemblies are of the same construction, reference is now made to filter
assembly E for an explanation herein. As can best be seen in Figures 2 and 3, as
adapted, each sterilization filter assembly E and F may comprise a tubular housing
200 which encloses a bundle of hollow fiber tubes 202, the ends of the hollow fiber
bundle being joined to the ends of the tubular housing by a molding compound 204
which seals the end of the tubular housing. The hollow-fiber bundle includes of
capillary tube passages that create a semipermeable membrane for trapping
bacterial and other contaminants as fluid is passed through the tubes. The dialysis
fluid is filtered and sterilized as it flows radially through the semipermeable
membrane material which creates the circular walls of the capillary tubes. Any
contaminants larger than albumen remain trapped in the walls. The capillary tubes
of the hollow-fiber bundle enclosed by the molding compound are cut at their end
faces to open them in order to receive fluid. End caps 206 are placed over the ends
of the tubular housing and include connection ports, which form inlet port 108 and
outlet port 112 for unsterilized dialysis fluid and compressed air. The end caps are
placed on the ends of the tubular housing to seal off the ends of the sterilization filter
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assembly. A small gap 205 is created between the inner surface of the end cap and
the molding compound providing the entrance to the capillary tubes which allows
dialysis fluid to spread over the top of the molding compound inside the end caps
and enter the tubes. The unfiltered dialysis fluid enters the capillary tubes through
inlet port 108 provided in the end cap. Referring to Figures 3 & 4, a first flow space
208 is defined by the hollow interiors of fiber tubes 202 which allows the fluid to
penetrate the hollow fibers in the bundle. A second flow collection space 210 is
included which is defined as that space that is not occupied by the bundle of fiber
tubes inside the tubular housing. Space 210 is isolated from first flow space 208 by
the semipermeable membrane walls of the fiber tubes 202. Dialysis fluid is filtered
by passing through the semipermeable walls of the capillary tubes, and is forced into
the second flow space surrounding the tubes. The fluid is then collected in a
collection space 211 at the end of the tubular housing, where it can exit the
sterilization filter assembly through outlet port 110 when two-way solenoid valve 116
is opened to deliver the fluid into delivery vessel 42.Sterilant inlet port 114 is closed
in this process. The molding compound, usually made of polyurethane fiber, creates
a hardened disk forming a seal between the two flow spaces so that only filiered
dialysis fluid can exit the sterilization filter assembly through outlet port 110. Any
fluid which does not pass through the capillary tube walls remains unsterilized, and
flows out the end of the hollow-fiber bundle through outlet port 112 provided in the
tubular housing end cap and is delivered to main drain 170. As noted above, air can
be injected through inlet port 108 to test the filter's integri’iy and, two-way solenoid

valve 142a can be closed to prevent filtered dialysis fluid from exiting through
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sterilant inlet port 114. However, valve 116 and dialysate outlet port 110 must
remain open.

Since the dialysis fluid is being sterilized in real-time and in the inflow line to
the patient, the integrity of the filter is of utmost importance to prevent delivery of
unsterilized fluid to the patient. Accordingly, the in-line, real-time integrity test of first
filter assembly E is first conducted after the fluid has left the filter assembly, but
before the fluid is delivered to the patient. During this time the dialysate is held in
delivery vessel 42. Preferably, the in-line test of filter assembly F is done only before
passage of the dialysate, and not after. Basically, the integrity test process for filter
assemblies E and F includes (1) isolating the patient from the upstream flow
components which are upstream from the peritoneal port; (2) purging the upstream
side of each sterilization filter assembly with sterile test air 59 from source 176; (3)
applying pressurized test air to the filter assemblies; (4) allowing the pressure to
stabilize; and, (5) monitoring the pressure decay for a given period of time, typically 5
minutes for the capillary filter as shown in Figure 2. The patient is isolated from the
upstream filters and other flow components by a three-way isolation valve 146. In
the unlikely event flow rates or delivery pressures exceed system levels, three-way
valve 146 will by-pass the flow to drain vessel 52 (Figure 1C). Preferably, a 20 psi
test pressure is applied to the filters, which is supplied by pressurized air from
compressed air source 176.

Referring in more detail, test air 59 (Figures 1B and 3) from compressed air
source 176 is directed to inlet port 108 of primary filter assembly E via opened three-
way 104, and line segment L1 and pressure line segment P1. Three-way valve

142a and two-way valve 174a are closed to allow pressure to stabilize within the
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filter assembly. Valves 102 and 104 are also closed to block any air flow back along
line segment L1. Air pressure created by the air released from compressed air
source 176 is allowed to stabilize to about 20 psi. After the pressure is reached
control system 16 shuts off corﬁpressed air source 176, and monitors the pressure
decay across the filter membrane of the capillary tube walls using pressure test
sensor 56. The same process is used to test the integrity of sterilization filter
assembly F. During the integrity test periods, the patient is isolated from upstream
flow components by three-way isolation valve 146 upstream of peritoneal port
connections 154 and 158 to the patient. In the unlikely event that either integrity test
fails, or the conductivity measurement is unacceptable, the dialysate batch is
discarded by pumping it from second vessel 42 directly into drain vessel 52 by
opening a two-way, discharge control valve 156 and closing two-way valve 148. The
system is then flushed with sterilant and RO water from source 86 and 64
respectively, and made ready for reuse. Depending upon the frequency of filter
failures, it is a desirable characteristic of the preferred embodimént to have the
system automatically switch to the other filter to replace a failed unit. If one
sterilization filter assembly is down, the process may continue with the other. ltis to
be understood, of course, that while only a single sterilization filter assembly may be
utilized with pre and post filtering integrity checks, the advantages achieved using
two filter assemblies is preferred, and provides safety results not achieved by the
use of a single filter assembly applied in the present invention. Once the dialysis
fluid has accumulated in second vessel 42, a calibrated conductivity sensor 38
verifies the batch mixture concentrations, and the batch is stirred and precisely

heated to the fluid delivery temperature desired by the patient. Following successful
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post-and pre-process integrity test on filter assemblies E and F, and verification of
conductivity, Pt RTD, and temperature, the dialysis fluid is pumped from second
vessel 42 through second filter assembly F into peritoneal cavity P through
peritoneal port 154.

Figure 6 illustrates an alternate embodiment of the invention wherein two
sterilization filter assemblies, E',F’,are arranged to operate in parallel with each
other. In this case, the sterilization filier assemblies are alternately utilized in cycles
to provide a constant supply of sterilized dialysis fluid, but the dialysate does not
pass in series through both assemblies. If one filter assembly needs to be removed,
the system and process may continue with the other. Unsterilized dialysate is
delivered to filter assembly E’ by means of 3-way control valve 220. Valve 220 is
controlled by control system 16 to alternately deliver the dialysate to filter assembly
E’ or F’ in a cyclic manner. Sterilized dialysate leaves the outlet 110 of Filter
assembly E’ and is accumulated in delivery vessel 42. Filter assembly E’ is then
subjected to the integrity test while the dialysate is held in vessel 42. Once the test
has passed, the dialysate is delivered from vessel 42 to the patient via 3-way valve
222. After the desired quantity of dialysate is passed thru filter assembly E’and
accumulated, 3-way valve 220 diverts the next batch of unsterilized dialysate to filter
assembly F'. The unsterilized dialysate passes through the filter medium and leaves
filter assembly F’ as sterilized dialysate thru the port 136 and is accumulated in
delivery vessel 42a. Once it is determined that the filter assembly F’ has passed the
integrity test, 3-way valve 222 delivers the flow of sterilized dialysate 42a to the
patient while blocking the flow of dialysate in delivery vessel 42. It can be seen then

that the sterilization of fluid is going on in one filier assembly while sterilized
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dialysate from the other filter assembly is being delivered to the patient so that the
filter assemblies may be cycled back and forth to deliver sterilized dialysate to the
patient in a generally constant manner. If one of the filter assemblies should fail the
integrity test, then the other remaining filter assembly can be utilized by itself. A third
3-way control valve 224 controls the flow of unfiltered dialysate passing through the
filter assemblies to drain. While it is preferred that the system in process utilize filter
assemblies in series, as described previously, the alternate embodiment may prove
beneficial in some applications. Valves 220 and 222 provide a flow control
arrangement for selectively cycling filters E’ and F’ as desired.

Figure 7 illustrates another embodiment of the invention wherein a pair of
dialysate sterilization units 12 are connected in parallel in the inflow line segment of
the main fluid circuit. System 12A includes a first sterilization filter assembly E,
delivery vessel 42, and a second sterilization filter assembly F connected in the
same arrangement shown in Figures 1, 1B. System 12B includes a first sterilization
filter assembly E, delivery vessel 42, and a second sterilization filter assembly F
connected in the same arrangement shown in Figures 1, 1B. In this case, either
sterilization unit 12A and 12B may be operated in the peritoneal system and process
while the other system is ready for use in the event there is a filter assembly failure
in the operating system. For this purpose, systems 12A and 12B may be connected
in the inflow line segment by flow control means composed of a 3-way valve 234,
controlled by control system 16, to deliver the flow of unsterilized dialysate from
preparation component B to a selected sterilization unit. Delivery vessels 42 may be
selectively connected to peritoneal port 154 by 3-way valve 236 of the flow control

means. Likewise, discard lines may selectively be connect to the delivery vessels
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using suitable control valves connected in by pass line B2 to selectively discard
dialysate from either delivery vessel in the event of a filter assembly failure.

System Sterilization Mode

When it becomes necessary to sterilized the entire system, either due to a
filter failure, or routine maintenance cleaning, filiered water from the reverse osmosis
unit and a 1% Peracidin sterilant (peracetic acid and hydrogen peroxide) solution can
be used to flush and resterilize the system, as shown in heavy lines in Figure 8C. In
this mode, valves 142a and 142b will open to allow opposing flow through inlet ports
114 and 138 of the filter assemblies to help dislodge any accumulated residue on the
membrane surface of the capillary tubes of the hollow-fiber bundle 202 (Figure 1B).
Pump 94 is used to inject the sterilant held in container 86 into the system which is
run through the various fluid circuit lines, components, and reservoirs by control
system 16 controlling the various pumps and valves. The sterilization of the APDM
consists of a three stage flushing and sterilant exposure process using a 1-%
solution of Peracidin sterilent (peracetic acid and hydrogen peroxide) to treat all
wetted components of the fluid circuit system. Following a dialysis session, the
patient disconnects the peritoneasl port line 155, L5 from their catheter and connects
it to the recirculation port 158 of the system (dotted line flow connection in the
diagrams). The patient then switches a manual 3-way diversion valve 240 to a
position to allow sterilant concentrate to flow to the system. In addition to a
computer-actuated 3-way valve 78 that isolates the sterilant from the initial mixing
vessel, the manual valve provides a fail-safe against introducing sterilant to the
patient in the event of a software or elecirical failure. The valve handle design will

physically prohibit access to the peritoneal port during sterilize mode.
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The first phase of a sterilization cycle consists of a complete RO water flush of
all the fluid lines and vessels to clear the system of residual dialysate (Figure 8B).
The RO water flush follows all of the same flow patterns as the dialysate. In
addition, solenoid valves will open to allow opposing flow through the tangential and
permeate side of the sterilization filters E, F through ports 114, 138 and 110, 136 to
help dislodge any accumulated residue on the membrane surfaces. Following the
RO water flush, sterilant is intfroduced to vessel 28.. Concentrate is proportioned into
the vessel and verified gravimetrically. The vessel is then filled with RO water to the
appropriate dilution, verified by the liquid level sensor. Once mixed, the sterilant is
then flowed throughout the system following the same flow path as the RO water
flush and then allowed to dwell. In order to minimize the amount of sterilant required
to expose all surfaces, especially in the 3L vessels, a single 3L dilution of sterilant
can be flowed through the system in a batch mode. This is achieved by allowing the
sterilant to swell in a particular vessel for a given period of time, and then pumping
the sterilant to the next vessel. During long periods storage of the system, the
sterilant batch can be recycled throughout the system, rather than pumping it to
drain. The third phase of the sterilization process occurs just prior to initializing a
dialysate session. This phase is identical to the first RO water flush and is used to
fully purge the system of residual sterilant. In order to ensure all sterilant has been
flushed, a conductivity measurement will be taken of the RO water in vessel 42.

Thus, it can be seen that an advantageous construction can be had for a
continuous cyclic peritoneal dialysis system and process according to the invention
wherein a generally constant supply of unsterilized dialysate provided by a

preparation and portioning system component is sterilized after it leaves the
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preparation component by passing the dialysate thru one or more in-line sterilization
filter assemblies. The key to the realtime sterilization system and process is the
protection that the sterilization membrane must remain intact. Advantageously, the
integrity of the sterilization medium or membrane is maintained by passing the
dialysate thru the sterilizing membrane into a sterile holding vessel. The integrity of
the membrane is then tested with air pressure. So long as the sterilization medium
holds the air pressure, it must be intact and the dialyste produced will be sterile.
Two sterilization assemblies may be used and selectively connected in a series or a
by-pass connection. In the event that one sterization assembly should fail during a
treatment session, the system can simply shut down that flow line segment and
operate the flow line segment of the other sterilization assembly. The failed
assembly can then be replaced. The main reason to use sterilization assemblies to
the point of failure would be the convenience of not having to replace them. In
practice, the sterilization assemblies will likely be replaced on a regular basis;
probably every three months depending upon experience.

While a preferred embodiment of the invention has been described using
specific terms, such description is for illustrative purposes only, and it is to be
understood that changes and variations may be made without departing from the
spirit and scope of the claims below. Other embodiments and modifications may
become apparent to those skilled in the art upon reading the foregoing specification,
but such modifications and embodiments may be within the scope of the invention

which is limited only by the claims below.
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What is claimed:

1. A peritoneal dialysis system for performing continuous cyclic peritoneal
dialysis of the type which includes delivering sterile dialysate to a patient during fill
cycles, and removing spent dialysate during drain cycles wherein said system
comprises:

a generally constant supply of osmotic dialysate ready on demand
which is effective for dialysis;

a proportioning component for adjusting the osmolality of said dialysate
supply;

a fluid circuit connected to said dialysate supply for delivering a flow of
the dialysate to the patient and a flow of spent dialysate from the patient to a drain;

an inflow line segment in said fluid circuit for delivering said dialysate
from said supply to the patiént during fill cycles;

an in-line sterilization filter assembly disposed in said inflow line
segment for real-time sterilization of said dialysate in said flow line segment prior to
delivery of the dialysate to the patient’s peritoneal cavity;

an outflow line segment included in said fluid circuit for connection to
the patient to drain spent dialysate from the peritoneal cavity during drain cycles;

a filter integrity test component operatively associated with said
sterilization filter assembly for conducting a realtime, in-line integrity test on said filter
assembly to test for a filter failure condition which would allow contaminants into said

dialysate prior to patient delivery;
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a test sensor in communication with said integrity testing component
for detecting said failure condition;

an inflow sensor in communication with said inflow line for measuring
an inflow volume of said dialysate through said inflow line and generating an inflow
signal;

an outflow sensor in communication with said outflow line for
measuring an outflow volume of said dialysate through said outflow line and
generating an outflow signal;

a control system for controlling said inflow and outflow delivery in
response to said inflow and outflow signals during said fill and drain cycles;

2. The system of claim 1 including a proportioning sensor responsive to
said inflow and outflow volumes for determining a volume of body waste fluid
removed from the patient’s peritoneal cavity during said fill and drain cycles; and said
control system controlling said proportioning component in response to said volume
of fluid and controlling said fill and drain cycles until a desired amount of waste is
removed from the patient.

3. The system of claim 1 wherein said sterilization filter assembly includes
an inlet port for receiving unsterilized dialysate, a sterilization filter medium through
which said dialysate passes for producing sterilized dialysate, an outlet port through
which sterilized dialysate flows, and a normally closed air admission port in
communication with said sterilization filler medium; and said inlet and outlet ports
being connected in said inflow line segment for delivery of said sterilized dialysate to

the patient’s peritoneal cavity.
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4. The system of claim 3 wherein said filter testing component includes a
source of pressurized test air, said fluid circuit including a test line segment
connected between said pressurized air source and said air admission port of said
sterilization filter assembly, an air control valve maintaining said air admission port
normally closed, and said air control valve having an open position for delivering said
test air to said filter assembly during said integrity test so that a real time integrity
test of said sterilization filter assembly can be made prior to the injection of said
dialysate into the peritoneal cavity.

5. The system of claim 4 wherein said test sensor includes a pressure
sensor in communication with said filter assembly for sensing said filter failure
condition.

6. The system of claim 3 wherein said sterilization filter assembly includes
a fluid outlet for delivery of unsterilized dialysate.

7. The system of claim 4 including a delivery vessel connected to said
outlet port of said sterilization filter assembly for accumulating said sterilized
dialysate prior to delivery to said patient.

8. The system of claim 7 including a discard line segment included in said
fluid circuit connected to said delivery vessel for discarding dialysate from said
delivery vessel when said failure condition is sensed.

9. The system of claim 7 wherein said control valve is set in said open
position for delivering said pressurized air to said air admission port of said filter
assembly after said sterilized dialysate has been delivered to said delivery vessel

and prior to delivery of said dialysate to the patient.
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10. The system of claim 7 wherein said sterilization filter assembly
constitutes a primary sterilization filter assembly; and including a secondary
sterilization filter assembly disposed in said fluid circuit, said secondary filter
assembly having an inlet port connected to said delivery vessel for receiving
sterilized dialysate, a sterilization filter medium for sterilizing said dialysate, and an
outlet port for output delivery of said dialysate.

11.  The system of claim 10 wherein said secondary filtration assembly
comprises a secondary air admission port connected to said source of pressurized
test air, and a secondary test control valve for admitting test air to the secondary
filter assembly, and a secondary test sensor for detecting a failure condition of the
secondary filter assembly upon the admission of test air to the secondary filter
assembly for testing the integrity of the secondary filter assembly.

12.  The system of claim 11 wherein said test control valve associated with
said primary filter assembly is set in an open position to admit preessurized test air
after said dialysate has passed through said primary filter assembly, and said
secondary test control valve is set in an open position for admitting pressurized test
air before passage of dialysate through said secondary filter assembly.

13.  The system of claim 12 including a discard line segment in said fluid
circuit for discarding dialysate passed through one or more of said filter assemblies
when one or more of said filter fails said integrity test.

14. The system of claim 11 including a valve arrangement in said fluid
circuit for selectively connecting said primary and secondary sterilization filter

assemblies in series or by-pass in said fluid circuit so that said dialysate may be

37



WO 02/066099 PCT/US02/04373

passed though both filter assemblies in series or through only one of said filter
assemblies.

15.  The system of claim 1 wherein said sterilization filter assembly is a
primary filter assembly and including a secondary sterilization filter assembly
disposed in said fluid circuit in parallel with said primary filter assembly , said
secondary filter assembly having an inlet port for receiving sterilized dialysate which
has passed through said pimary filter assembly, a sterilization filter medium for
sterilizing said dialysate, and an outlet port for delivering dialysate to the patient's
peritoneal cavity.

16.  The system of claim 15 wherein said primary and secondary filtration
assemblies include primary and secondary air admission ports connected to a
source of pressurized test air, and primary and secondary test control valves for
admitting pressurized air to the second filter assembly, and primary and secondary
test sensors for detecting said failure condition of the primary and secondary filter
assemblies upon the admission of pressurized air to said primary and secondary
filter assemblies for testing the integrity of the filter assemblies prior to delivery of
said dialysis fluid to the patient.

17. The system of claim 16 wherein said primary and secondary test
control valves are set in an open position for admitting test air after said dialysate
has passed through said primary filter assembly but before said dialysate is passed
through said secondary filter assembly.

18.  The system of claim 17 including a delivery vessel connected to said
outlet port of said primary filter assembly for holding said dialysate passed through
said primary filter assembly during said integrity test; and said delivery vessel being
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connected to said inlet port of said secondary filter assembly for delivering said
dialysate to said secondary filter assembly after said integrity tests are passed.

19.  The system of claim 18 wherein said outlet port of said secondary filter
assembly is connected to said delivery vessel so that dialysate which has passed
through said secondary filter assembly accumulates in said delivery vessel prior to
patient delivery.

20. The system of claim 15 including at least one discard line segment for
discarding dialysate passed through said filter assemblies when either filter medium
fails said integrity test.

21. The system of claim 1 including a pressure monitor connected in said
fluid circuit for monitoring the fluid pressure in the patient’s peritoneal cavity to sense
an over distension condition of the cavity during the fill cycles.

22. The system of claim 1 including a discard line segment connected in
said fluid circuit for discarding dialysate passed through said filter assembly in the
event said filter media fails said integrity test.

23. A peritoneal dialysis system for pérforming continuous cyclic peritoneal
dialysis of the type which includes a fluid circuit for delivering sterile dialysate to the
peritoneal cavity of a patient during fill cycles and removing spent dialysate during
drain cycles; and a system controller for controlling the flow of dialysate during said
fill and drain cycles, wherein said system comprises:
| a supply of unsterilized dialysate available on demand,;

an inflow line segment included in said fluid circuit for delivering

dialysate from said supply to the patient during said fill cycles;
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an outflow line segment included in said fluid circuit for connection to
the patient's peritoneal cavity to drain spent dialysate from the peritoneal cavity
during said drain cycles;

an in-line sterilization filter assembly disposed in said inflow line
segment for real-time sterilization of said unsterilized dialysate during flow of said
dialysate in said inflow line segment prior to delivery to the patient;

said sterilization filter assembly including an inlet port connected in said
inflow line segment for receiving unsterilized dialysate, a sterilization filter medium
through which said dialysate passes for producing sterilized dialysate, and an outlet
port connected in said inflow line segment through which sterilized dialysate flows to
the patient;

a filter test component operatively associated with said sterilization
filter assembly for conducting a realtime integrity test on said filter assembly to test
for a filter failure condition which would allow contaminants into said dialysate prior to
pétient delivery; and

a test sensor in communication with said testing component for
detecting said failure condition;

whereby said fill and drain cycles may be repeated by the system
controller as needed to complete dialysis with a generally constant supply of
sterilized dialysis available on demand.

24. The system of claim 23 wherein said sterilization filter assembly
includes a normally closed air admission port in communication with said sterilization
filter medium; said test component including a source of pressurized test air, said

fluid circuit including a test line segment connected between said pressurized air
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source and said air admission port of said sterilization filter assembly, an air control
valve maintaining said admission port normally closed, and said air control valve
having an open position for delivering said test air to said filter assembly during said
integrity test so that a filter integrity test of said sterilization filter assembly can be
made in realtime prior to the injection of said dialysate into the peritoneal cavity.

25. The system of claim 24 wherein said test sensor includes a pressure
sensor in communication with said filter assembly for sensing a filter failure
condition.

26. The system of claim 24 wherein said The system of claim 3 wherein
said sterilization filter assembly includes a fluid outlet for delivery of unsterilized
dialysate.

27.  The system of claim 23 wherein said fluid circuit includes a discard line
segment for discarding dialysate passed through said filter assembly in the event
said filter medium fails said integrity test.

28. The system of claim 27 including a delivery vessel connected to said
outlet port of said sterilization filter assembly for accumulating said sterilized
dialysate prior to delivery to said patient, and said discard line segment being
connected to said delivery vessel.

29. The system of claim 28 wherein said control valve is set in said open
position for.delivering said pressurized air to said filter assembly during said integrity
test after said sterilized dialysate has been delivered to said delivery vessel and prior
to delivery of said dialysate to the patient.

30. The system of claim 23 wherein said sterilization filter assembly

constitutes a first sterilization filter assembly; and including a second sterilization
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filter assembly connected in parallel to said first sterilization filter assembly, and a
flow control arrangement for passing unsterilized dialysate thru said first and second
sterilization filter assemblies in a cyclic manner so that sterilized dialysate from said
first sterilization filter assembly is used during a present fill cycle and sterilized
dialysate from said second sterilization filter assembly is used during a next fill cycle.

31. The system of claim 30 wherein said flow control arrangement
selectively isolates one of said first and second sterilization filter assemblies from the
other so that only one of said first and second filter assemblies may be used during
repeated fill cycles.

32. A peritoneal dialysis system for performing continuous cyclic peritoneal
dialysis of the type which includes a fluid circuit for delivering sterile dialysate to a
patient’'s peritoneal cavity during fill cycles and removing spent dialysate from the
patient during drain cycles; and a system controller for controlling said fill and drain
cycle to achieve an effective dialysis, wherein said system comprises:

a steady supply of unsterilized dialysate effective for dialysis available on
demand;

an inflow line segment included in said fluid circuit for connection to the
patient to deliver dialysate from said supply during said fill cycles;

an outflow line segment included in said fluid circuit for connection to the
patient to drain spent dialysate from the peritoneal cavity during said drain cycle;

a sterilization unit included in said inflow line segment which includes:

a primary in-line sterilization filter assembly disposed in said

inflow line segment for real-time sterilization of said dialysate during

42



WO 02/066099

PCT/US02/04373

flow of said dialysate in said inflow line segment prior to patient
delivery;

a secondary in-line sterilization filter assembly disposed in said
inflow line segment for real-time sterilization of said dialysate during
flow of said dialysate in said inflow line segment prior to patient
delivery;

said primary sterilization filter assembly unit including an inlet
port connected in ‘said inflow line segment for receiving said dialysate
from said supply, a sterilization filter medium through which said
dialysate passes for producing sterilized dialysate, and an outlet port
connected in said inflow line segment through which sterilized dialysate
flows;

a delivery vessel included in said connected to said outlet port
of said primary sterilization filter assembly for accumulating said
dialysate;

said secondary filter assembly having an inlet port connected to
said delivery vessel for receiving said accumulated ialysate, a
sterilization filter medium for sterilizing said dialysate, and an outlet port

for delivering dialysate to the patient; and

a filter test component operatively associated with said primary and

secondary sterilization filter assemblies for conducting a real-time integrity test on

said filter assemblies to test for a filter failure condition which would allow

contaminants into said dialysate prior to patient delivery;
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whereby said fill and drain cycles may be repeated by the system controller as
needed to complete dialysis with a real-time supply of sterilized dialysate ready on
demand.

33. The system of claim 32 wherein said fluid circuit includes at least one
discard line segment for discarding dialysate passed through said primary and
secondary filter assemblies in the event one of said first and second filter mediums
fails said filter failure condition.

34. The system of claim 33 wherein said discard line segment is connected
to said delivery vessel.

35. The system of claim 32 wherein said primary and secondary filter
assemblies include primary and secondary air admission ports connected to said
source of pressurized air, and primary and secondary test control valves for
admitting pressurized air to the second filter assembly, and primary and secondary
test sensors for detecting said failure condition of the primary and secondary filter
assemblies upon the admission of pressurized air to said primary and secondary
filter assemblies for testing the integrity of the filter assemblies prior to delivery of
said dialysis fluid to the patent.

36. The system of claim 35 wherein said primary and secondary control
valves are set in said open position for delivering said pressurized air to said filter
assembly during said integrity test after said sterilized dialysate has been delivered
to said delivery vessel and prior to delivery of said dialysate to the patient.

37. The system of claim 35 wherein said control valves are set in said open

position before said dialysate is passed through said secondary filter assembly.
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38. The system of claim 32 including a pair of said sterilization units
connected in parallel in said inflow line segment wherein each one of sterilization
units includes said primary and secondary sterilization filter assemblies, and said
delivery vessel; and including flow control means for passing said dialysate thru a
selected one of said sterilization units while isolating said other of said sterilization
units from said inflow line segment.

39. A peritoneal dialysis process for performing continuous, cyclic
peritoneal dialysis of the type which includes providing a substantially continuous
supply of sterile dialysate for delivery to the patient’s peritoneal cavity of a patient
during fill cycles, and removing spent dialysate from the patient during drain cycles,
said process comprising the steps of:

(a) providing a supply of unsterilized dialysate;

(b) passing said unsterilized dialysate from said supply through an in-
line sterilization filter assembly to produce sterilized dialysate in realtime prior to
delivery to the patient’s peritoneal cavity;

(c) accumulating said sterilized dialysate in a delivery vessel prior to
delivery to the patient;

(d) subjecting said in-line filter assembly to a filter integrity test to test
for a filter failure that would allow contaminants into said dialysate prior to patient
delivery;

(e) delivering said sterile dialysate from said delivery vessel to the the
patient’s peritoneal cavity after said filter integrity test is passed; and

(f) repeating steps (a) through (e) until a desired fluid weight has been

removed from the patient.
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40. The process of claim 39 including discarding said dialysate from said
delivery vessel in the event said filter integrity test is not passed.

41.  The process of claim 39 wherein said filter assembly is subjected to
said filter integrity test after said dialysate is passed through said filter assembly and
before delivery of said dialysate to the patient.

42. The process of claim 39 wherein said sterilization filter assembly
constitutes a first filter assembly, and including providing a second sterilization filter
assembly through which dialysate may be passed for sterilization.

43. The process of claim 42 including providing said first and second
sterilization filter assemblies connected in parallel so that said dialysate may be
selectively passed through either filter assembly while isolating said other assembly.

44. A peritoneal dialysis process for performing continuous, cyclic
peritoneal dialysis of the type which includes providing a substantially continuous
supply of sterile dialysate for delivery to the patient's peritoneal cavity of a patient
during fill cycles, and removing spent dialysate from the patient during drain cycles,
said process comprising the steps of:

(a) providing a supply of unsterilized dialysate;

(b) passing said unsterilized dialysate from said supply through at least one
in-line sterilization filter assembly to produce sterilized dialysate in real-time prior to
delivery to the patient’s peritoneal cavity;

(c) accumulating said sterilized dialysate in a delivery vessel prior to delivery
to the patient;

(d) subjecting said in-line filter assembly to a filter integrity test to test for a

filter failure that would allow contaminants into said dialysate prior to patient delivery;
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(e) delivering said sterile dialysate from said delivery vessel to the patient’s
peritoneal cavity after said filter integrity test is passed; and

(f) repeating steps (a) through (e) until a desired fluid weight has been
removed from the patient.

45. The process of claim 44 including discarding said dialysate from said
delivery vessel in the event said filter integrity test is not passed.

46. The process of claim 44 wherein said filter assembly is subjected to
said filter integrity test after said dialysate is passed through said filter assembly and
before delivery of said dialysate to the patient.

47. The process of claim 44 wherein said sterilization filter assembly
constitutes a first filter assembly, and the process includes providing a second
sterilization filter assembly through which dialysate may be passed for sterilization.

48. The process of claim 47 including providing said first and second
sterilization filter assemblies in parallel so that said dialytsate may be selectively
passed through either filter assembly while isolating said other assembly.

49. The process of claim 48 wherein said process includes accumulating
said dialysate which has been passed through said primary sterilization filter
assembly in said delivery vessel, and delivering said dialysate from the delivery
vessel through said secondary sterilization filter assembly to sterilize said dialysate
in real-time prior to entering the patient’s peritoneal cavity.

50. The process of claim 49 including testing said primary and secondary
filter assemblies for filter failure which would allow contaminants into said dialysate
after said dialysate is passed through said primary filter assembly and before said

dialysate is passed through said secondary filter assembly prior to patient delivery.
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51.  The process of claim 50 including delivering said sterile dialysate from
said secondary sterilization filter assembly to said delivery vessel and from said
delivery vessel into the peritoneal cavity of a patient after the filter failure test is
passed, and discarding said dialysate from the delivery vessel in the event the filter
failure test is not passed.

52.  The method of claim 44 including:

determining the amount of said sterile dialysate delivered into the
peritoneal cavity of a patient;

generating a first signal determined from the amount of said sterile
dialysate delivered to the peritoneal cavity of a patient;

draining spent dialysate from the patient’s peritoneal cavity;

determining the amount of spent dialysate drained from the peritoneal
cavity of a patient;

generating a second signal determined from the amount of spent
dialysate drained from the peritoneal cavity of a patient;

controlling the delivery of said sterile dialysate to the peritoneal cavity
of a patient in response to said first and second signals until a desired volume of
body fluid is removed from the peritoneal cavity of a patient.

53. The process of claim 52, wherein said process further comprises the
step of maintaining a desired reserve volume of dialysis fiuid in the peritoneal cavity
during the fill and drain cycles which is effective for dialysis.

54. The process of claim 44, wherein said process further comprises the

step of calculating the amount of the body waste removed from the patient after
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totally draining said dialysate for proportioning an amount of osmotic substance in
said dialysate for subsequent fill and drain cycles.

55. In a continuous, cyclic peritoneal dialysis process, an in-line, realtime
dialysis fluid sterilization process to produce a sterilized dialysate comprising:

preparing an unsterilized osmotic dialysate effective for dialysis;

passing said dialysate through at least one in-line sterilization filter
assembly connected in an inflow line to the patient in realtime prior to delivery to the
patient; and

testing said sterilization filter assembly in realtime for a filter failure
condition prior to delivering said dialysate to the peritoneal cavity of said patie‘nt.

56. The process of claim 55 including accumuating the dialysate after
passing the dialysate through said sterilization filter assembly, testing the integrity of
said sterilization filter assembly while the dialysate is accumulated and discarding
the accumulated dialysate if the integrity test is failed.

57. The process of claim 55 including providing a sterilization unit having a
primary sterilization filter assembly and a second sterilization filter assembly, passing
said dialysate through said primary sterilization filter assembly, accumulating said
dialysate, testing the integrity of said primary sterilization filter assembly, and
passing said dialysate through said secondary sterilization filter assembly.

58. The process of claim 57 including testing the integrity of said primary
filter assembly after passing said dialysate through said primary filter assembly, and
testing the integrity of said secondary filter assembly before passing said dialysate

through said secondary filter assembly.
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59. The process of claim 58 including accumulating said dialysate after
passing through said secondary sterilization filter assembly; and delivering said
dialysate to the patient if said primary and secondary sterilization filter assemblies
pass said integrity test.

60. The process of claim 59 including discarding said dialysate after being
accumulated if one or more of said filter assemblies fails said integrity test.

61. The process of claim 57 including providing a pair of said sterilization
units connected in parallel in said inflow line segment wherein each one of the
sterilization units includes a primary and a secondary sterilization filter assembly,
and a deiivery vessel.

62. The process of claim 61 including flow control means connected in said
fluid circuit for passing the dialysate thru a selected one of the sterilization units while
isolating the other sterilization unit from the inflow line segment.

63. The process of claim 61 including selecting one of said sterilization
units in a cyclic manner so that one of the sterilization units is used during a current
fill cycle, while the other unit is used to prepare and sterilize another batch of
dialysate for use in the next fill cycle.

64. The process of claim 57 including testing said primary and secondary
sterilization filter assemblies using said integrity test process.

65. The process of claim 55 wherein testing of said sterilization filter
assembly includes the steps of:

providing a source of sterile pressurized air to said in-line sterilization

filter assembly;
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purging the upstream side of said filler assembly with sterile
pressurized air;

isolating the upstream side of said filter assembly allowing the pressure
to stabilize; and

monitoring the pressure decay for a given period of time.

66. The process of claim 55 including providing first and second filter
assemblies in parallel flow arrangement in said fluid circuit; and passing dialysate
thru said first filter assembly and accumulating said dialysate in a first delivery
vessel, subjecting said first filter assembly to an integrity test, and delivering said
dialysate to said patient if the test is passed in a current fill cycle; and passing
dialysate thru said second filter assembly and accumulating said dialysate in a
second delivery vessel, subjecting said first second assembly to an integrity test, and
delivering said dialysate from said second delivery vessel to said patient if the test is
passed during a next fill cycle.

67. The process of claim 55 comprising the steps of:

providing a 1% Peracidin sterilant solution to sterilize said continuous
peritoneal dialysis system;
providing reverse osmosis water to sterilize said continuous peritoneal dialysis
system;
flushing said continuous peritoneal dialysis system with a 1% Peracidin sterilant
solution; and

flushing said continuous peritoneal dialysis system with reverse

osmosis water.
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68. The process of claim 67 including pressurizing said 1% Peracidin
sterilant solution to force opposing flow of said sterilant through said in-line
sterilization filter assembly to dislodge accumulated residue on the filter surface
membrane.

69. The improved realtime in-line sterilization process of claim 67 including
pressurizing said reverse osmosis water to force opposing flow of said water through
said in-line sterilization filter assembly to dislodge accumulated residue on the filter

surface membrane.

52



PCT/US02/04373

WO 02/066099

1/12

VIS WIGEEL  SIDM  BUMCIN SRS SN WSS MU G NN W W Voridet USSR S WO wSOn Ny Swmres

LNINOJWOO
NIV¥Q/A¥IAITIA/NOILYZITINALS

AUAYQ
WaNoLad

- 13883
Nivia

RSB BRI SR A Wa— Aaitn  CTERIS SN CONNNS  NSRUNR

WILSAS
JOY¥LINOD

U SN MR  Smie  CMNNAR OGNS S S—— Sown

¢ [LNINOJWOD
1S3l
3L

\@..m.......L

!
e
G

T3893A
A¥3AMIG

LNINOdNOD
~|NOILYdVd3dd

8 2LVSATVIA




PCT/US02/04373

WO 02/066099

2/12

o

e R N
e i

oo | YOLSTANMEHL

] I . \
4 HO¥NOS ¥V QHSSTIINOD

ot FrmAr——— m———
.lll-lllallll.l-llll'.llall.

oz

-~ TTHATT
2z
1 HOLIMS 10VINOD

=<t | TIAET




| gr — ¥ B

PCT/US02/04373

3/12

WO 02/066099

[ mw V/ . #27  [10%INGS Gaais]

. )
\%.él/ — ©
| TEvvA | p====olalNi £7 ®
| __ |ALATIDNGNoS : \4wa ..

TLYSATVIQ &7

el 2 . \V
¢aIVIS .‘

£ NOLSTNETLL




PCT/US02/04373
4/12

WO 02/066099

14Q

|

&7

JALIALLONANOD
0¥

G~ = =1 9 THAH'T

27

. ﬁm TEATT
4 @ @w

% UK 4
-

27— 1] 000




WO 02/066099

Fig. 2

5/12

1]

PCT/US02/04373




WO 02/066099 PCT/US02/04373

6/12

77
Fig. 3 217
174
: =
: Q .::“‘E Jié‘?/_/iﬂf
o
5 BR330 777
: 2/
Fig. 4 220
: ' 208
1 32 o
= T70
Fig.5 N 202

179




PCT/US02/04373

WO 02/066099

7/12

9 8B
s
@ doked o~ _ D
YA 4 L YA
3sS3A 138$3A
AY3AN3q .Vm _~ A¥3AM3Q \ wo —.
TC < T B
<
o sel- oLl
/ AU IIPLE ’ \ AU rIILS 3
8¢ . YLl
upp4p om/\.. < -
@NN\/\



PCT/US02/04373

v

8/12

WO 02/066099

yzr

SIS



PCT/US02/04373

WO 02/066099

9/12

pe i

HAOW SISATIVIA

NIV ALRIVS NIV NIV

NIVEC ALERVS

A

i
=emmene

HOLIAS SNNSSIIL [ =

¥ QANSSENd

A

o,
S pof Yoy ___ TXIIAIIORGNOD
=1 ox
i
£2TV08 =<9 3EARY

. 8 = o1 THART]

A
<
-

oS G-~

4

AJIALIONANGD
HIVSAIVIA

- [

R R R

Y

i

QELYA dVL

- - o O&
e

==

F|IIIIM.L




PCT/US02/04373

NIV ALasYS NIVRG NIYR

g9 Ll | _, ! A

A 4

10/12

WO 02/066099

. . .9
ASVHJ LSAL ¥aL T NOILYZI TRIE LS TN TR .
NIVd ALB4VS ALIAYD TVENOLIEd S

[ - o e

2 HOLIMS JOVINOO b= w ey 0~ {5 TR

1
a% O | o
N @3
O o

v
|
»

4 -3
m‘m ’ e — = - @ EOUNOS ALY QESSTNINQT |
}
e - - [T "
ZLVSATVIQ
B == ¥ AT
-< 77N
UHOLIMS LOVINGO} )
- 1
8~~~ TEAET e TR !
y SRR |
%, vy é yas
ANEA %’L ! »
o Eﬁémm v o INEA cds
-,
«vﬂ% PPty &Y 1 TEASSTAL o = o)t
A
8 £ YOLSIANEHL s ) : VuaAA. Mmm *
=~ D)tz s ../
Lt L 1 ¥ELVER Pt
iy ! ONISSYDEA] NN

. o i
t . o, o1 [ vorsEL]- <% . meem [RVO] VUVAVL
A v a {1180 0%

v

P
Y




PCT/US02/04373

WO 02/066099

11/12

L5

b7

HAOW NOLLYZI'TT¥ALS WHLSAS

SRS e

NIVEQ X18av8

A

i
(o~

HOLIAS TINSSEUA )=
[raunssma)

6

TOUINGD dagds
CLT -
e |

s rvinded | [XTATS0GRGD
\ /8 BLYSAIVIQ

% 53UN05 WY ASSEIANOD |

i 1 YOLSIANERL




PCT/US02/04373

WO 02/066099

12/12

JOSNHES

1804
LOANNODSIA 0IND

HJAL MOSNES

&
o

Ligiaty
JOINETOS

YHLVEH
HONOIHI-MOTA

I

HATVA 28178
ALFAVS d0d

HATYA
TVIINVINAYAM-E

HATYA
CQIONETOS AVM-¢

HATYA
CQIONZTOS AYM-T

%
P

2Ca
&

CALAREARF'N
AOLVINDTY TINSSTIL AV

YL NI Y
OIFOHJOYARH wnz'o

CEELTAVILIN
MOTIIVIINEONYL

wd—ty ¢ &=




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

