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(57) Abrége/Abstract:

The present invention provides a hemodialysis or hemodiafiltration system and method using two dialyzer stages (122, 138),
wherein the temperature of a dialysate fluid stream of the first cartridge (122) is increased such that the blood in the first cartridge
(122) Is dialyzed or diafiltered at an elevated temperature, while blood In the second cartridge (138) Is dialyzed or diafiltered
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(57) Abréege(suite)/Abstract(continued):

against a dialysate stream at normal blood temperature. This results in an Increased solute diffusivity and a corresponding
Increase In removal of blood substances by diffusion. When diafiltration I1s performed, an additional removal of substances
occurs by convection as a larger portion of plasma water from a blood compartment (142) can be filtered across a semi-

permeable membrane (140) at the same transmembrane pressure due to the reduced viscosity of the heated blood and plasma
water.
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(57) Abstract: The present invention provides a Hemodialysis or hemodiafil-
tration system and method using two dialyzer stages (122, 138), wherein the
temperature of a dialysate fluid stream of the first cartridge (122) is increased
such that the blood in the first cartridge (122) is dialyzed or diafiltered at an
elevated temperature, while blood 1n the second cartridge (138) is dialyzed or
diafiltered against a dialysate stream at normal blood temperature. This results
in an increased solute diffusivity and a corresponding increase in removal of
blood substances by diffusion. When diafiltration is performed, an additional
removal of substances occurs by convection as a larger portion of plasma water
from a blood compartment (142) can be filtered across a semi-permeable mem-
brane (140) at the same transmembrane pressure due to the reduced viscosity
of the heated blood and plasma water.
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THERMALLY ENHANCED DIALYSIS/DIAFILTRATION SYSTEM

Field of the Invention

This iInvention relates to dialysis and hemodiafiltration in general and, more
particularly, to improved hemodiafiltration methods and devices for removal of blood

toxins.

Background of the Invention

Hemodialysis and Hemodiafiltration are well known methods for removing toxic
substances from a patient’s blood, thereby reducing the level of toxins in the patient’s
blood as part of an extracorporeal blood cleansing system. Both these methods are
based on flowing blood through a cartridge containing a semi-permeable membrane
which separates the cartridge into two compartments. In general, hemodiaiysis is a
process whereby blood flows through a blood-side compartment of the cartridge, while
a cleansing solution, i.e., a dialysate solution, flows through a dialysate-side
compartment of the cartridge. Toxins are removed from the blood by diffusion across
the semi-permeable membrane from the blood-side compartment to the dialysate-side
compartment. The rate of diffusion is determined by the concentration gradient
established between a higher concentration of toxins in the blood relative to the
dialysate fluid. Hembdiafiltration Is process whereby the normal removal of toxins by
diffusion is augmented by a convective flow of plasma water across the semi-

permeable membrane which assists in carrying toxins by bulk flow of fluid from the
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bloodside of the membrane to the dialysate side of the membrane. The transportation
of plasma water across the semi-permeable membrane s achieved by establishing a
pressure gradient, generally referred to as Transmembrane Pressure (TMP), across the
membrane. In hemodiafiltration, an equivalent amount of a substitution fluid, or
replacement fluid, must be added to the blood to replace the plasma water that Is
filtered across the membrane. This substitution fluid 1s generally added either before
the blood enters the cartridge {(pre-dilution mode) or after the blood exits the cartridge
(post-dilution mode).

Hemodiafiltration systems using two cartridges connected In series are also
known in the art. In such systems, a first cartridge i1s used as a conventional
diafiltration cartridge providing simultaneous diffusion and filtration of plasma water
across the semi-permeable membrane. In a second cartridge, toxins are diffused from
the blood to the dialysate fluid, and a reverse pressure gradient is used to reverse-filter
dialysate fiuid from the dialysate-side compartment, across the membrane, and into
the blood-side compartment. The reverse-filtered dialysate fluid serves as a
substitution fluid to replace thé amount of plasma water that filtered from the blood-
side compartment to the dialysate-side compartment in the first cartridge. Such a
method is described in J.H. Miller et al., "Technical Aspects of High-Flux
Hemodiafiltration for Adequate Short (Under 2 Hours) Treatment,” Transactions of

American Society of Artificial Internal Organs (1984), pp. 37/7-380.

Summary Of The Invention
It is an object of this invention to provide a method and a system using two

dialyzes or diafiltration cartridges, or two stages of a single dialyzer cartridge, whereby
the temperature of the dialysate fluid entering the first cartridge is increased above the
normal dialysate temperature. The increased temperature increases the solute
diffusivity, or diffusion coefficients, thereby enhancing the removal of substances by

diffusion in the first dialyzer stage. Another advantageous result of increasing the
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dialysate temperature is that the viscosity of the blood is decreased, thereby enhancing
the filtration of plasma water across the semipermeable membrane for a given
transmembrane pressure In the first dialyzer stage. This enhances the removal of
solutes by convection as the increased bulk flow of plasma water carries additional
toxic substances. In the second dialyzer stage, e.g., a second dialyzer cartridge, the
blood temperature is decreased back to its normal level, e.g., by heat exchange and/or
by addition of substitution fluid at normal blood temperature.

The present invention provides a hemodialysis or hemodiafiltration system and
method using two dialyzer stages, e.g., two dialyzer cartridges connected in series,
wherein the temperature of the dialysate fluid stream of the first dialyzer is increased
such that the blood in the first cartridge is dialyzed or diafiltered at an elevated
temperature, while blood in the second cartridge is dialyzed or diafiltered against a
dialysate stream at normal blood temperature (i.e. at approximately 35°C to 40°C).
The second cartridge may serve to correct for blood temperature shifts caused by high
dialysate temperature in the first cartridge, and to further remove blood toxins by
diffusion or diafiltration against a at normal blood temperature. In hemodialysis
applications, transfer of heat from the higher temperature blood to the lower
temperature dialysate in the second cartridge may assist in correcting (i.e., lowering)
the blood temperature. In hemodiafiltration applications, the blood temperature may

be lowered before the second dialyzer stage by adding substitution fluid into the blood

stream.

The present invention may be embodied in an improved dialysis machine that
includes means for heating a portion of the dialysate fluid path above normal blood
temperature, e.g., above 40°C. Such a machine may include other components used
In dialysis machines, such as a water preparation module to degas and heat water
necessary for preparing dialysate, an ultrafiltration control system that may include a
flow balancing system and an ultrafiltration (UF) pump, a dialysate proportioning

system that introduces dialysate concentrates into the water stream, and an
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extracorporeal monitoring and control devices which may includes a blood pump for

circulating blood through an extracorporeal circuit.

In some embodiments of the invention, the system is also designed to perform
hemodiafiltration, and additional components may be used. For example, the system
may Include a substitution fluid supply system including a pump and substitution fluid
filters for preparing substitution fiuid "on-line" using a supply of dialysate fluid. The
system may also include an interdialysate flow control system, which may including
Interdialysate pump, to regulate the relative ultrafiltration rates of the two dialyzer
cartridges.

A hemodialysis/hemodiafiltration system and method using two cartridges
connected in series 1s disclosed in PCT Application No. PCT/US99/25804 entitled
"Non-lsosmotic Diafiltration System" filed in the name of Collins et al., the entirety of
which is incorporated herein by reference. In the system of Collins et al., the dialysate
fluid in the first cartridge is made hypertonic or hypotonic, by appropriately adjusting

the electrolyte levels of the dialysate stream, to improve toxin removal efficiency.

Brief Description Of The Drawings
Further aspects of the instant invention will be more readily appreciated upon

review of the detailed description of the preferred embodiments included below when

taken in conjunction with the accompanying drawings, of which:
FIG. 1 is a schematic diagram illustrating a multistage, thermally enhanced,

hemodiafiltration system in accordance with one embodiment of the present invention:

and

FIG. 2 i1s a schematic diagram illustrating a multistage, thermally enhanced,

hemodiafiltration system in accordance with another embodiment of the present

invention.

Detailed Description Of The Invention
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Referring now to FIGS. 1-2, wherein similar components of the instant invention
are referenced in like manner, a preferred apparatus for thermally enhanced
dialysis/diafiltration, and accompanying methods for using the same, are disclosed.

Turning now to FIG. 1, depicted therein is a first embodiment of a
hemodialysis/diafiltration device which uses an internal heating system.

A water source 102 supplies water or other base fluids, such as saline, to system 100
In order to create dialysate, substitution fluids and the like. The water, or other fluid is
then provided to a water preparation module 104 which pre-treats the incoming fluid
by heating, degassing and/or any other suitable method known to one of ordinary skill
In the art.

The pre-treated fluid 1s next transported via appropriate tubing or the like to a
flow balance system 106 which has an inlet controller 106a and outlet controller
106b, which In turn may continuously monitor and adjust flow rates of fluids entering
or exiting the internal components of system 100. Flow balance system 106 may
contain one or more microprocessor controls and the like which are programmed to
automatically accomplish this functionality within predefined parameters.

The pre-treated fluid is transported first to internal components of system 100
through inlet controller 106a. A portion of the pre-treated fluid equivalent to the net
amount of fluid to be removed from the patient may be siphoned through an
ultrafiltration pump 108 to a drain 134. A remaining portion of pre-treatment fluid is
next transported via appropriate tubing or the like to an auxiliary pump 110.

Pump 110 transports a pre-determined portion of the pre-treated fluid to a heat
control module 112 which includes mean for controllably heating the pre-treated fluid,
to form a heated solution which is provided to a first dialyzer cartridge 122, as
described below. Pump 110 may be controlled by, for example, a microprocessor
controller which 1s programmed to accept a predetermined portion of pre-treated fluid
for creating the heated solution. Alternatively, the flow through pump 110 may be

manually monitored and adjusted as needed.
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The desired heating of the dialysate at module 112 may be achieved by adding

a secondary fluid stream at an elevated temperature or by passing the fluid stream
through a heating element in module 112 before the dialysate fluid is introduced into
the dialyzer cartridge.

The heated solution flows from module 112 to an auxiliary valve 114. Valve
114 may likewise be automatically or manually controlled to allow a predetermined rate
of heated solution to flow therethrough. The heated solution then flows to a mixing
chamber 116. The mixing chamber 116 has a second inlet which receives dialysate
solution from outlet port 148 of a second dialyzer cartridge 138, described further
below. Mixing chamber 116 may be automatically or manually monitored and adjusted
to allow a predetermined amount of heated solution to flow to an inlet port 120 of first
dialyzer cartridge 122 via an interdialysate pump 118.

A remaining portion of the pre-treated fluid which is not accepted through pump
110 iIs transported to an inlet port 146 of second dialyzer cartridge 138. This fluid is
not heated and i1s at preferably at temperature level lower than normal blood
temperature. The systemm 100 may be provided with monitoring means for determining
the appropriate temperature that is required to return blood treated in first dialyzer
cartridge 122 to a normal temperature level, e.g., 35°C-40°C. Pre-treated fluid at the
desired temperature is provided to second dialyzer cartridge 138 via an inlet port 146.
In an embodiment of the invention, an acid pump 154 and/or a bicarbonate pump 156
may be employed to pull acid concentrate 150 or bicarbonate concentrate 152 to
adjust the pH of the remaining pre-treated fluid prior to providing the fiuid to inlet 146.

Blood to be cleaned is received from a patient and enters the first dialyzer
cartridge 122. The blood is carried by suitable tubing, as is known in the art, for
example, bloodiine tubing made from flexible polyvinylchloride (PVC). The flow rate of
incoming blood is generally in the range of-100 to 600 mi/min, preferably 200 to 500
mi/min. First dialyzer cartridge 122 contains a semi-permeable membrane 124 that

divides the dialyzer cartridge 122 into a bloodside compartment 126 and a dialysate
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compartment 128. As blood passes through bloodside compartment 126, plasma
water containing blood substances is filtered across semi-permeable membrane 124.
At the same time, the heated dialysate received from dialysate port 120 flows through
dialysate compartment 128 in a direction counter to the blood flow. Blood substances
and toxins are transferred across semi-permeable membrane 124 by diffusion due to a
difference in concentration between the blood in blood compartment 126 and the
dialysate in dialysate compartment 128. The dialysate containing blood substances and
toxins removed from the blood is transported to drain 134 via dialysate pump 132 and
outlet controller 106b.

In accordance with an embodiment of the invention, as blood flows through the
blood compartment of the first dialyzer cartridge, the blood temperature is elevated.
This results in an increased solute diffusivity and a corresponding increase in the
removal of blood substances by diffusion. When diafiltration is performed, an
additional removal of substances may occur by convection as a larger portion of
plasma water from the blood compartment can be filtered across the semi-permeable
membrane at the same transmembrane pressure due to the reduced viscosity of the
heated blood and plasma water.

The partially dialyzed blood then exits first dialyzer cartridge 122 through a
conduit 136. The blood then flows through conduit 136 and enters a bloodside
compartment 142 of second dialyzer cartridge 138. The second dialyzer cartridge
preferably contains a semi-permeable membrane 140 which divides the second dialyzer
cartridge 138 into the bloodside compartment 142 and a dialysate compartment 144.
As the blood passes through bloodside compartment 142, plasma water containing
blood substances is filtered across the semi-permeable membrane 140. The
temperature of the treated blood is returned to a desired level due to the difference in
temperature between the blood in bloodside compartment 142 and the lower
temperature dialysate flowing into dialysate compartment 144 through inlet port 146.

Cleansed blood then exits the second dialyzer cartridge 138 and is recycled to the
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patient (not shown) through suitable tubing, for example, bloodline PVC tubing, as is
known in the art. The dialysate exits the dialysate compartment 144 of second dialyzer
cartridge 138 through outlet port 148 and is provided to mixing chamber 1186,
described above.

Additionally or alternatively, upon exiting the first dialyzer cartridge 122, the
partially dialyzed/diafiltered blood may be mixed with a substitution fluid at normal
blood temperature which helps reduce the temperature of blood in the second dialyzer
cartridge 138. The temperature of dialysate flowing through the second dialyzer
cartridge 138 may increase as heat is transferred from the higher temperature blood to
the lower temperature dialysate.

Dialyzer cartridges 122 and 138 may be of any type suitable for hemodialysis,
hemodiafiltration, hemofiltration, or hemoconcentration, for example, the Fresenius
F60, available from Fresenius Medical Care, Lexington, MA, the Baxter CT 110,
available from Baxter Health Care, Deerfield, IL, the Minntech Hemocor HPH 400,
avallable from Minntech Corporation, Minneapolis, MN, or the Hospal Filtral 16,
available from Hospal A.G., Switzerland. Membranes 124, 140 are preferably medium
or high flux membranes, for example, the polysulfone, cellulose triacetate or
acrylonitrile membranes available from Fresenius Medical Care, Lexington, MA,
Minntech Corporation, Minneapolis, MN, Baxter Health Care, Deerfield, IL, or Hospal
A.G., Switzerland.

In an embodiment of the present invention in which diafiltration is desired, the
blood may be mixed with sterile substitution fluid between the first and second dialyzer
cartridges at an inlet 180 of conduit 136 to form a blood/substitution fluid mixture.
One way to accomplish this is disclosed in PCT Application No. PCT/US99/17468
entitled "Method for Efficient Diafiltration"” filed in the name of Collins et al., the
entirety of which is hereby incorporated by reference. Collins et al. uses two
cartridges connected in series to perform forward filtration of plasma water from the

blood compartment to the dialysate compartment in both cartridges simultaneously.
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Substitution fluid is added directly into the blood after it exits the first cartridge 122
and before it enters the second cartridge 138.

In the present invention, preparation of a sterile substitution fluid may be
performed by filtration of a portion of pre-treated dialysate which is received from inlet
controller 106a through substitution filter pump 158. The pre-treated dialysate flows
across at least two filter membranes 166, 174 with a preterred molecular weight cut-
off of not more than 40,000 Daltons. To accomplish this, a portion of the fresh
dialysate solution may be split off the dialysate fluid stream at some point prior to
entering dialyéate compartment 144 of the second dialyzer cartridge 138. The spiit-off
portion of the dialysate solution may flow through a conduit or the like which leads to
a substitution fluid pump 158. Substitution fluid pump 158 generates the needed
pressure to force the fluid down a conduit into inlet ports 162 of a first substitution
fluid filter cartridge 160.

First substitution filter cartridge 160 contains the semi-permeable membrane
166 that separates the filter cartridge 160 into an upstream compartment 164 and a
downstream compartment 168. First upstream compartment 164 has inlet ports 162.
First downstream compartment 168 has one or more outlet ports connected to
conduits 170. The substitution fluid from first downstream c.ompartment 168 flows
into a second substitution fluid cartridge 171 containing the semi-permeable membrane
174 which separates second substitution fluid cartridge 171 into a second upstream
compartment 172 and a second downstream compartment 1/76. The sterile
substitution fluid exits second substitution fluid cartridge 171 through second outlet
ports 178 and is mixed with blood exiting first cartridge 122 to form the
blood/substitution fluid mixture described above.

The pre-treated dialysate not used as substitution fluid enters the second
dialyzer cartridge 138 through inlet port 146 of dialysate compartment 144, and flows
counter-parallel to the blood flow as it traverses through bloodside compartment 142.

During diafiltration, excess plasma water filters across semi-permeable membrane 140
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and mixes with the dialysate fluid, so as to maintain a patient's "dry weight” as the
treated blood is infused. The dialysate fluid together with the filtered plasma water
exits the second dialyzer cartridge 138 at outlet port 148, through a tube or conduit

which directs the fluid to the mixing chamber 116, described above.

FIG. 2 depicts a thermally-enhanced hemodialysis/diafiltration system 200 in
accordance with another embodiment of the present invention. The system 200
functions in a similar manner to system 100 except that heated dialysate fluid of a
desired temperature is provided from heating module 112 directly to first dialyzer
cartridge 122, via interdialysate pump 118, rather than being mixed within the
machine as in system 100 of Fig. 1.

In this embodiment, the entire “partially spent” dialysate stream exiting second
dialyzer cartridge 138 passes through heating module 112 to increase its temperature.
The heating module may include any type of heating element, such as an electrical
heating element, microwave energy, heat exchanger, etc. The heated dialysate stream
then flows toward the dialysate inlet 120 of first dialyzer cartridge 122. Means for
controlling the relative amounts of plasma water filtered off in the two cartridges 122,
138 (denoted as UF1 and UF2 in the drawings) may be used in both the embodiment
of Fig. 1 and the embodiment of Fig. 2. For example, interdialysate pump 118 may
include a servo-controlled pump which changes speed in accordance with control
signals calculated based on the measured pressure differential, namely, the
transmembrane pressure (TMP) across the semi-permeable membranes of the first
and/or second dialyzers.

The partially spent, heated, dialysate fluid may then enters the dialysate inlet
120 of the first dialyzer cartridge 122. As the dialysate flows through the first
cartridge 122, blood toxins and filtered pIaSma water accumulate in the fluid and heat
Is transferred from the higher temperature dialysate to the lower temperature blood.

This raises the blood temperature having the effect of enhancing removal by diffusion,
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due to increased solute diffusivity, and by convection, due to higher filtration of lower
viscosity plasma water. The spent dialysate fluid exits the first dialyzer cartridge 122
and flows back toward the flow balance chamber 106, and eventually to drain 134. It
should be noted that some of the heat of the spent dialysate fluid stream may be
recovered and used to partially heat the incoming water using an inlet water heat
exchanger (not shown), as is known in the art.

The dialysis/diafiltration methods and devices of the invention as described
above may be used as an add-on type system in conjunction with an existing
ultrafiltration-controlled dialysis machine. However, it should be appreciated that the
dialysis/diafiltration methods and devices of the present invention can also be
embodied in a unitary, stand-alone dialysis/diafiitration machine.

In one embodiment of the present invention, the dialysis/diafiltration device
Includes first and second dialyzer cartridges 122, 138. Alternatively, a single cartridge
having first and second separate dialyzer sections may be used.

The device may also include at least one sterility filter 160, 171, which may
contain semi-permeable membranes. The sterility filter(s) 160, 171 are operative to
remove bacteria, endotoxins, and other particulate from the dialysate, thereby
generating a suitable substitution fluid stream on-line. A sterile/non-pyrogenic
substitution fluid for use in conjunction with the present invention may be prepared by
drawing a portion of fresh dialysate solution from a dialysate inlet line and pumping it
through one or more sterile filter cartridge 160, 171. In an embodiment of the present
Invention, the sterile filter cartridges 160, 171 perform at least a double filtration of
the dialysate solution before the solution is introduced into the blood as a substitution
fluid. This double filtration can be performed by two separate ultrafiltration cartridges
or a single cartridge that has multipie sections to perform multiple filtration of the
substitution fluid. The use of multiple filtration to generate the on-line substitution fluid
makes the system of the present invention safer, should one of the filters fail during

tfreatment.
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During operation of one embodiment of the present invention, blood enters a
blood side compartment 126 of first dialyzer cartridge 122, whereby a portion of
plasma water is filtered across the semi-permeable membrane 124 into the adjacent
dialysate compartment 128. As the blood leaves the first dialyzer cartridge 122,
substitution fluid may be added to the blood at a rate higher than the rate at which
blood Is filtered out of the first dialyzer cartridge 122. The diluted blood may then enter
the bloodside compartment 142 of the second dialyzer cartridge 138, whereby
additional plasma water (equal to the excess amount of substitution fluid) is filtered
across the semi-permeable membrane 140 and into the adjacent dialysate compartment
144, In this manner, the substitution fluid acts as a post-dilution fluid relative to the
first dialyzer cartridge 122 as well as a pre-dilution fluid relative to the second dialyzer
cartridge 138.

The dialysate fluid may be generated by a dialysis machine, or by any other
method known to one of ordinary skill in the art. In an embodiment of the present
invention, the dialysate fluid enters the second dialyzer cartridge 138 and runs counter-
parallel to the blood flow direction. The dialysate fluid acts to provide a concentration
gradient against the bloodside fluid thereby facilitating the diffusion of solutes across
the semi-permeable membrane 140, as described above. As the dialysate traverses
through the dialysate compartment 144, the dialysate flow rate increases due to
plasma water filtering across into the dialysate compartment 144, as mentioned above.

Upon exiting the dialyzer cartridges 122, 138, the used dialysate may be transported
back either to the dialysis machine (not shown) or to drain 134.

It should be apparent to those skilled in the art that this method can be
performed with at least two dialyzer cartridges operating in a typical dialysis mode or it
can be performed with two high tlux dialyzer or diafiltration cartridges in a
hemodiafiltration mode. The limiting factor being the capacity of the second cartridge
acting as a heat exchanger to return the blood back to within a normal temperature

range. In a diafiltration mode, substitution fluid is introduced into the blood steam
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between the two cartridges. The substitution fluid assists in restoring a normal blood
temperature range In addition to the cooling being performed, by heat-exchange, at the
second dialyzer cartridge.

The dialysis machine (not shown) used in conjunction with the present invention
may perform all of its normal functions, such as preparing dialysate, metering dialysate
flow rate, monitoring pressures, controlling net ultrafiltration, monitoring used dialysate
for blood presence, etc. The diafiltration add-on system operates in conjunction with
the dialysis machine, whereby the dialysate fluid from the dialysis machine is re-
distributed by the hemodiafiltration add-on system to its respective dialyzer and sterile
filter cartridges. The fluid handling components of the diafiltration add-on system may
be integrated with a microprocessor unit for controlling and executing the diafiltration
aspect of the treatment.

The temperature of the pre-heated dialysate fluid used in conjunction with any of
the embodiments described above is controlled by heating control module 112 and may
be set to any desired temperature higher than normal blood temperature, e.g., higher
than 40°C. The preferred temperature may depend on specific system parameters, for
example, the dialysate flow rate and/or pressure and the blood flow rate and/or
pressure. The heated dialysate temperature should also be controlled so as not to
exceed a temperature that may cause damage to the blood being treated.

The systems disclosed in the foregoing may contain further pumps, monitoring
devices, valves, électronic components, controllers, connector fittings, tubing, etc., as
required in order to coordinate the operation of the system components.

Although the invention has been described in detail in the foregoing
embodiments, it is to be understood that they have been provided for purposes of
illustration only and that other variations both in form and detail can be made
thereupon by those skilled in the art without departing from the spirit and scope of the

invention, which is defined solely by the appended claims.
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What I1s claimed is:

1. A blood cleansing system comprising:

a source of dialysate fluid;

a heating control module which receives dialysate fluid from said source
and produces heated dialysate fluid;

a first dialyzer including a first blood compartment having a first blood
inlet which receives blood to be cleaned and a first blood outlet which expels partially
cleansed blood, and a first dialysate compartment having a first dialysate inlet and a
first dialysate outlet, said first dialysate inlet for receiving said heated dialysate; and

a second dialyzer including a second blood compartment having a second
blood inlet which receives a fluid including at least said partially cleansed blood and a
second blood outlet which expels cleaned blood, and a second dialysate compartment
having a second dialysate inlet and a second dialysate outlet, said second dialysate
inlet for receiving dialysate at a temperature lower than a temperature of said heated

dialysate.

2. A system according to claim 1, wherein said source of dialysate fluid is
fluidly connected to said second dialysate inlet and said heating control module so that
dialysate fluid at said lower temperature 1s delivered to sald second dialysate inlet and

dialysate fluid delivered to said heating control module is heated prior to delivery to

sald first dialysate inlet.

3. A system according to claim 1, further comprising:
a mixing chamber which receives said dialysate at an elavated
temperature from said heating control module and said lower temperature dialysate
from said second dialysate outlet to form said heated dialysate, said heated dialysate

being delivered to said first dialysate inlet and having a temperature greater than a
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temperature of said dialysate from said source.

4. A system according to claim 1, wherein said blood in said first blood
compartment has a first temperature and said blood in said second blood compartment
has a second temperature, said first temperature being greater than said second

temperature.

5. A system according to claim 4, wherein said blood enters said first blood
compartment with a temperature less than said first temperature and is heated to said
first temperature because of the presence of said heated dialysate fluid within said first

dialyzer.

0. A system according to claim 3, wherein said heated dialysate has a

temperature greater than about 40° C.

7. A system according to claim 1, wherein said fluid comprises said at least

partially cleansed blood and substitution fluid.

8. A system according to claim 1, wherein said partially cleansed blood has a
first temperature which is greater than a second temperature of said cleaned blood

when said cleaned blood exits said second dialyzer.

9. A system according to claim 1, wherein said dialysate is heated by one of
adding a secondary fluid at an elevated temperature to said dialysate and passing said

dialysate through a heating element disposed in said module.

10. A system according to claim 1, further comprising:

a sterile substitution assembly for mixing sterile substitution fluid with
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sald partially cleansed blood exiting said first dialyzer to form a blood/substitution fluid

mixture which is then introduced into said second dialyzer through said second blood

inlet.

11. A blood cleansing system comprising:

a source of dialysate fluid;

a heating control module for producing heated dialysate fluid;

a first dialyzer including a first blood compartment having a first blood
Inlet which receives blood to be cleaned and a first blood outlet which expels partially
cleansed blood, and a first dialysate compartment having a first dialysate inlet and a
first dialysate outlet, said dialysate inlet for receiving said heated dialysate;

a second dialyzer including a second blood compartment having a second
blood inlet which receives a fluid including at least said partially cieansed blood and a
second blood outlet which expels cleaned blood, and a second dialysate compartment
having a second dialysate inlet and a second dialysate outlet, said second dialysate
Inlet for receiving dialysate at a temperature lower than a temperature of said heated
dialysate; and

wherein sald source of dialysate fiuid is connected to said second
dialysate inlet for delivering said dialysate thereto, said heating control module being
connected to said second dialysate outlet and said first dialysate inlet so that said
dialysate flows from said second dialysate outlet to said heating control module where

it Is heated to form said heated dialysate which is then delivered to said first dialysate

inlet.

12. A method of cleaning blood, the method comprising:
providing a source of dialysate fluid;
providing a first dialyzer including a first blood compartment having a first

blood inlet and a first blood outlet and a first dialysate compartment having a first
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dialysate Inlet and a first dialysate outlet;

providing a second dialyzer including a second blood compartment having
a second blood Inlet and a second blood outlet and a second dialysate compartment
having a second dialysate inlet and a second dialysate outlet;

heating at least a portion of said dialysate from said source to produce
heated dialysate which is delivered to said first dialysate inlet;

delivering dialysate to said second dialysate inlet at a temperature lower
than a temperature of said heated dialysate;

providing a blood inflow to said first blood inlet;

dialyzing said blood inflow In said first dialyzer to provide partially
cleansed blood which is delivered to said second blood inlet of said second dialyzer;
and

dialyzing said partially cleansed blood in said second dialyzer to produce
cleaned blood; said partially cleansed blood entering said second dialyzer through said
second blood inlet, said cleaned blood exiting said second dialyzer through said second

dialysate outlet.

13. A method according to claim 12, further comprising:
diafiltering said blood inflow in said first dialyzer to provide partially
diafiltered blood which is delivered to said second blood inlet of said second dialyzer;
and '
diafiltering said partially diafiltered blood in said second dialyzer to

produce cleaned blood.

14. A method according to claim 12, wherein heating said dialysate
comprises:
passing said dialysate through a heating element disposed in a heating

control module.



LI

) T O 'S ) T AN

Ro VS B\

) B A L VS B o

CA 02396853 2002-07-10

WO 01/51185 PCT/US01/01024

18

15. A method according to claim 12, wherein said dialysate is heated to a

temperature greater than about 40° C.

16. A method according to claim 12, wherein said blood inflow is dialyzed in
sald first dialyzer at a first temperature greater than a starting temperature of said
blood Inflow prior to entering said first blood inlet, said partially cleansed blood being
dialyzed in said second dialyzer at a temperature substantially equal to said starting

temperature.

17. A method according to claim 12, wherein said dialysate is heated to a
temperature which is sufficient to cause a temperature of said blood inflow to increase
so that an increase In solute diffusivity and a corresponding increase in removal of
blood substances by diffusion is realized during said dialysis of said blood in said first

and second dialyzers.

18. A method according to claim 13, wherein said dialysate is heated to a
temperature which is sufficient to cause a temperature of said blood inflow to increase
so that enhanced convection, due to higher filtration of lower viscosity plasma water,

Is realized during said diafiltration in said first and second dialyzers.

19. A method according to claim 12, further comprising:
mixing said dialysate fluid from said second dialysate outiet with said
heated dialysate to form a mixed dialysate fluid having an elevated temperature relative
to said temperature of said dialysate source; and

iIntroducing said mixed dialysate fluid into said first dialysate inlet.

20. A method according to claim 12, further comprising:
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mixing sterile substitution fluid with said partially cleansed blood exiting
sald first dialyzer to form a blood/substitution fluid mixture which is then introduced

Into the second dialyzer through said second blood inlet.

21. A method according to claim 12, wherein said source of dialysate fluid is
connected to said second dialysate inlet, said dialysate flowing from said second
dialysate
outlet to a heating control module where said dialysate is heated to produce said

heated dialysate which is then delivered to said first dialysate inlet.

22. A method according to claim 12, further comprising:
delivering a portion of said dialysate from said source to said second
dialysate inlet; and
diverting a portion of said dialysate to a heating control module which

heats said dialysate to produce said heated dialysate.

23. A method of cleansing blood, the method comprising:

supplying a source of dialysate fluid and a blood inflow;

diafiltering said blood inflow in a first dialyzer to provide partially
diafiltered blood, said first dialyzer including a first blood compartment having a first
blood inlet receiving said blood inflow and a first blood outlet and a first dialysate
compartment having a first dialysate inlet and a first dialysate outlet, said dialysate in
sald first dialysate compartment having a first elevated temperature so that said blood
inflow Is diafiltered at an elevated temperature; and

diafiltering said partially diafiltered blood in a second dialyzer to provide
cleansed blood, said second dialyzer including a second blood compartment having a
second blood inlet receiving said partially diafiltered blood and a second blood outlet

and a second dialysate compartment having a second dialysate inlet and a second
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dialysate outlet, said dialysate in said second dialysate compartment having a second
temperature less than said first temperature, said cleansed blood having a temperature

which is less than said elevated temperature of said partially diafiltered blood.

24. A method according to claim 23, wherein said diafiltering of said blood
Inflow comprises:
diffusing a portion of said blood inflow by a first countercurrent of said
dialysate having said elevated temperature and in diffusion communication with said
blood inflow, and wherein said diafiltering said partially diafiltered blood comprises
diffusing a portion of said partially diafiltered blood by a second countercurrent of said

dialysate of said second temperature and in diffusion communication with said partially

diafiltered blood.



CA 02396853 2002-07-10
WO 01/51185 PCT/US01/01024

/2
oe WAT ER 1
WATER PREP F ' G. 24
SOURCE
TO
104
100 —2_» 156

[we]-c
~-{]] &

ACID AN
132 06a 50 CONC ‘D

CLOSED VESSEL
. CONTAINING
| POWDERED ACID
| (eg.CITRIC ACID)
4 ﬂ@ 1O
| 112
; 16
| MIXING !70
CHAMBER 7] ,60 58
I62
v !ﬂl
176
a \/ . 80 FIAN
148 |78 162
120 - (74 166
| P |17 2 170
' |
22 ﬁ:yp, ; 44
28 - | ||V |38
< | |
r - R
130 146

BLOOD____ BLOOD
[N QUT

SUBSTITUTE SHEET (RULE 26)



CA 02396853 2002-07-10

WO 01/51185 PCT/US01/01024

. /2
150 BICARB ACID 104
CONC CONC 02
192
WATER WATER
PREP SOURCE

TO
DRAIN

FLOW 124

ACID
SOLUTION

(eg. CITRIC ACID)

132 A

5 @,

112a
116
- MIXING 17| .
CHAMBER \ 60
N\ ’ - ,
& i<
B 158
H I : —
urll
UF1 |
!
|

BLOOD BLOOD F l G 2

IN OuUT

SUBSTITUTE SHEET (RULE 26)



SOURCE
TO
104 oF 5o DRAIN
|00 —2_» 108 156
‘F
106h 'l 7R CONC 7
AR 154

CLOSED VESSEL

CONTAINING
POWDERED ACID

' (eq.CITRIC ACID)
1141@) Jle
| 16 e
70 |
| e I6O 158
| |62
76 'ﬂ El 164>
178 162
174 166
172 170
144
138
146

BLOOD BLOOD
IN ouT



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

