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as a blood supply fluid circuit (50), a blood return fluid circuit (70), a waste fluid circuit (100), and an infusion fluid circuit (80),
which are interconnected with the support member (20) and the blood treatment device (40). These circuits are disposed in a U-
shape relative to the support member (20), with each U-shaped portion (54, 84, 94, 104) extending from the support member
(20) for being adapted to cooperate with a peristaltic pump. This blood treatment fluid module Is universal.
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ABSTRACT

An integrated blood treatment fluid module (10) for use in the
treatment of renal failure comprises :

a support ‘member (20) ;

a blood treatment device (40) mounted on the support member
(20) ; and,

a plurality of fluid circuits (50, 60, 70, 80, 90, 100), such as a
blood supply fluid circuit (50), a blood return fluid circuit (70), a
waste fluid circuit (100), and an infusion fluid circuit (80), which
are interconnected with the support member (20) and the blood
treatment device (40)

These circuits are disposed in a U-shape relative to the support
member (20 ), with each U-shaped portion (54, 84, 94, 104) extending
from the support member (20) for being adapted to cooperate with a
peristaltic pump.

This blood treatment fluid module is universal.

Figure 1
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INTEGRATED BLOOD TREATMENT FLUID MODULE

The present invention pertains to blood treatment systems, and
more specifically to an integrated blood treatment fluid module
which is particularly apt for multi-function treatment of renal
fatlure. .

The utilization and modalities of blood treatment systems is
ever increasing. Such systems typically entail the in-line withdrawal
of blood from a patient, extra-corporeal treatment of the blood by a
blood treatment apparatus, and return of the blood to the patient. In
order to achieve such blood transfer, as well as remove and/or
introduce components into the blood stream, as may be desired,
multiple fluid circuits and pumps may be employed.

Blood treatment systems have been developed to carry out
various treatments such as therapeutic and non therapeutic
plasmapheresis, extracorporeal blood oxygenation, and blood
purification and water removal in the case of renal failure. The
present invention will be described in connection with renal failure.
However, it is to be understood that this particular example is given
purely by way of illustration and is not intended to limit the scope of
the invention. For palliating renal failure blood treatment devices are
used to perform renal functions, such as dialyzers for hemodialysis
wherein undesired waste components are removed from the blood
(e.g., urea and creatinine) and desired electrolyte balance in the blood
IS established (e.g., sodium ions). This is typically achieved by
counter-flowing blood and an isotonic liquid, i.e., dialysate, on
opposite sides of the dialyzer membrane which allows for diffusive

transfer therethrough. Blood treatment devices, namely hemofilters
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or high-flux dialyzers, are also employed for hemofiltration wherein
undesired water and certain impurities are removed from blood. This
Is typically accomplished by flowing blood past a high-permeability
membrane across which a negative pressure gradient is established
to achieve convective transfer. A fluid substitute is introduced into
the blood as necessary. High-flux dialyzers allow also for achieving
hemodiafiltration, which consists of simultaneous hemodialysis and
hemofiltration.

In order to implement such renal failure treatment techniques,
multiple - fluid circuits, pump means and blood conditioning devices
may be incorporated in a blood therapy apparatus. Further, it should
be appreciated that since all such components contact body fluids
during use, they must be disposed of and replaced between uses. To
date this has entailed the separate handling of multiple components,
which, before each treatment session, must be assembled together
and mounted on the blood treatment apparatus. This handling is time-
consu‘ming, entails the risk of an erroneous assembling and mounting
of the multiple components and the risk of breaching their sterility,
and also requires experienced operators, such handling being out of
reach of the patients themselves.

The present invention is an integrated blood treatment fluid
module which can be readily mounted on a blood treatment apparatus
and which has particular multi-function utility in the treatment of
renal failure. The invention reduces pre and post procedure handling
and interconnection requirements, is space efficient, and lends itself
to prepackaging and disposability. Further, the components and
assembly of the inventive module allow for cost effective production.

Numerous additional advantages will be apparent to those skilled in

b Sttt legs i et et et sl ORI HERA 11 LU G W E B A3 LT 10 215 KA e b s 060 304 Lok 102 1 S {AH R A AR PR T T I 15 I 0 [ 1303830 1y oo & on o e e . . S e PAT I M sIthe e e T IR M e S T e He bt b e el St s as s 1 A e



10

20

30

v s aaas L W DS e ™ | G R 1T H {1 MO A B T e Bl e e e ce e ., <..-.mu..‘;¢1|.1.Mmmmmmm‘w..“"..‘....,. wes m es = . ---"-*‘“""'-‘-n“vmquWimumm"- e wesia e s . e I e B e AR & - . BHEOM A i1t ime L3 4 s

; 2115415

the art.

As used herein, the term "blood treatment device" means any

device for removing components from and/or introducing components

into a blood stream, including plasmapheresis, oxygenation,

hemodialysis, hemofiltration and hemodiafiltration treatment

devices.
According to the present invention, there 1is

provided an 1ntegrated blood treatment fluid module (10;

210) for cooperating with a blood treatment fluid apparatus

(110), comprising:

a blood treatment device (40; 240) having two
compartments, a first compartment having an inlet and an
outlet , and the seccnd compartment having an outlet;

a blood supply fluid circuit (50; 250) having a
portion for cooperating with a peristaltic pump, and
fluidly. connected to the 1nlet (42; 242) of the first

compartment of the blood treatment device (40, 240),

a blood return fluid circuit (70; 290) fluidly

g—
—

connected to the outlet o©of the first compartment of the

blood treatment device (40, 240),
characterized 1n that i1t comprises:

a waste fluid circult (100; 280) fluidly

P

connected to the outlet (48; 248) of the second compartment

of the blood treatment device (40, 240) ;

=

a support member (20; 220) for selective

interconnection of the module (10; 210) to the Dblood

treatment apparatus (110), all the fluid clrcuits
converglng or diverging to or from the support member (20;
220) and the blood treatment device (40; 240) being fixed
to the support member (20; 220) so that the support member

(20; 220) is interposed between the blood treatment
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apparatus (110) when the module (10; 220) cooperates with

the apparatus, wherein the support member (20; 220)

comprises connection members (34, 36) for holding the fluid

circuits (50, 70, 100; 250, 290 280) and for defining a

first U-shaped portion (54, 254) 1in the blood supply fluid
circuit (50; 250) and a second U-shaped portion (104, 284)

in the waste fluid circuit (100; 280), with each U-shaped
portion (54, 104; 254, 284) extending from the support

member (20; 220) for being adapted to cooperate with a

10 peristaltic pump (112, 115) of the Dblood treatment

apparatus (110) .

Preferably, each U-shaped portion 1s oriented 1in
a different direction. The support member preferably has a

plurality of side edges defining a polygon shape, wherein

each U-shaped fluilid circuilt portion extends laterally from

a different one of the side edges for ease of handling and
contemporaneous placement of the U-shaped portions relative
to corresponding peristaltic pumps of the blood treatment

apparatus. In this regard, the side edges of the polygonal

20 support structure and U-shaped fluid circuit portions may

be 1n one-to-one relation for space efficiency and for

ready positioning of the U-shaped portions relative to a

corresponding number of peristaltic pumps on a blood
treatment apparatus, the pumps being arranged soO that one

pump mates with each U-shaped portion.

Preferably, 1n one embodiment of the present

invention, an integrated, multi-function blood treatment

fluid module 1s provided for renal failure treatment

applications. Specifically, a high-flux dialyzer 1s mounted
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along the longitudinal axis of a diamond-shaped support plate which

'« sized to fit between four peristaltic pumps disposed in a
rectangular manner on a blood treatment apparatus. Multiple fluid
circuits are also mounted on and oriented relative to the diamona-
shaped plate via multiple connection members. A different fluid
circuit is disposed in a U-shaped manner relative to each of the side

edges of the plate for contemporaneous engagement with

corresponding peristaltic pumps of a blood treatment apparatus.

Preferably, a blood supply fluid cicuit is included having a connector

at one end for selective interconnection with a blood access device such as

3 catheter assembly and being fluidly connected at its other end to a
blood input port of the high-flux dialyzer. A blood return fluid circuit
i< interconnected at one end to a blood outlet port of the high-flux
dialyzer and has a connector at the other end for selective
nterconnection with a blood access device such as a catheter
assembly. An infusion (e.g. replacement) fluid circuit, having a
connector at one end for selective interconnection with 3
replacement fluid reservoir or a bicarbonate solution reservolr is
fluidly connected at its other end with the blood supply fluid circuit
for pre-conditioning dilution. Alternatively, the infusion fluid circuit
can be fluidly connected with the blood return fluid circuit for post-
conditioning dilution, as may be preferable or otherwise desired for a
given treatment regime. An anticoagulant fluid circuit may also be
utilized having a connector at one end for selective interconnection

with an anticoagulant reservoir and pump assembly, and being fluidly

connected at its other end to the blood supply fluid circuit upstream

of the high-flux dialyzer. The anticoagulant reservoir and pump

assembly can be a syringe pump. A treatment fluid (dialysate) circuit
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Is also included having a connector at one end for selective
connection with a treatment fluid reservoir assembly and being
fluidly connected at its other end to a treatment fluid inlet port of
sald high-flux dialyzer. A waste fluid circuit is interconnected at one
end to a waste outlet of the high-flux dialyzer and has a connector at
its other end for selective interconnection with a waste reservoir
assembly. Portions of the blood supply, infusion (replacement),
treatment and waste fluid circuits are each separately disposed in a
U-shape relative to different side edges of the diamond-shaped plate
(i.e., one:U-shaped portion per edge) for contemporaneous placement
on corresponding peristaltic pumps of the blood treatment apparatus.

As will be appreciated, the described embodiment can be utilized
for both chronic and acute renal failure treatment, and accommodates
both venous and arterial blood supply and return arrangements.
Further, the embodiment can be utilized for hemodialysis, for
hemofiltration and for hemodiafiltration. Further, the blood
treatment fluid module according to the invention is suitable for
conventional dialysis, where the dialysate contains the principal
electrolytes of blood, including bicarbonate, as well as for so called
"buffer free" dialysis, where the dialysate does not contain any
bicarbonate, and a bicarbonate solution is infused to the patient
during the dialysis session.

Other characteristics and advantages of the invention will be
apparent when reading the following description which refers to the
appended drawings on which :

Fig. 1 is a front view of one embodiment of an integrated blood
treatment fluid module embodying the present invention, as adapted

for multi-function renal failure treatment applications.

epeaedate e op . T e o g 03 R U L ETNEL IV RPN 2371 R CLLH CHRRE: A AR, AR S R bR A 1 0 T s MR 15 TR L 3 L) LSS N L W mcsen stz ey o5- 1y 1o1e0ee R E Sk e SN Seme (e MO SNl e el e R e ey svechElEaran ST A0SO PG AT I AT a3 -



2115415
6

Fig. 2 is a rear view of the embodiment shown in Fig. 1.

Fig. 3 is a perspective view of a blood treatment apparatus on
which the embodiment shown in Fig. 1 may be employed.

Fig. 4 is a schematic fluid flow representation of the embodiment

S shown in Figs. 1 and 2 as operatively interconnected with the blood

treatment apparatus of Fig. 3. '

Fig. 5 Is a front view of an alternate embodiment of an integrated
blood treatment fluid module comprising the present invention.

FIg. 6 is a cross section view of the embodiment shown in Fig. S

10 (with fluid circuits removed for purposes of illustration), taken along
line 6-6.

Fig. 7 Is a rear perspective view of the embodiment shown in Fig.
5 (with fluid circuits removed for purposes of illustration).
Fig. 8 is an exploded perspective view of an improved peristaltic

15 pump that can be employed in the blood treatment apparatus of Fig. 3.

Figs. 1-4 are directed to an embodiment of the present invention
and a schematic fluid flow representation of such embodiment as
employed with a blood treatment apparatus as may be employed for
multi-function treatment of renal failure.

20 Specifically, blood treatment fluid module 10 comprises a
support plate 20 with a hollow fiber, high-flux dialyzer 40 and
multiple interconnected fluid circuits 50, 60, 70, 80, 90, and 100
mounted thereupon. Support plate 20 is diamond-shaped with upper
and lower diamond-shaped projections 22, 24, extending along a

25 commo’n longitudinal axis AA. High-flux dialyzer 40 is vertically
Interconnected to a front surface 26 of support plate 20 along such
longitudinal axis AA by support legs 28, and includes blood inlet port
42, blood output port 44, treatment fluid input port 46, and waste
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outlet port 48. A plurality of connection members 34, 36 are provided
on support plate 20 for holding fluid circuits 50, 60, 70, 80, 90 and
100. Specifically, a pair of gutter members 34 extend from each of
the four side edges 30, 31, 32 and 33 of plate 20 and numerous seat
members 36, such as clips, extend away from the back surface 27
of plate 20. Alternatively, in place of the seat members 36, plate 20
could be provided with a series of grooves defining paths for the
various circuits, advantageously preventing them from kinking (e.g.,
during sterilization).

Bload supply circuit 50 has a Luer connector 51 at one end 52 for
selective interconnection with a catheter assembly and is fluidly
connected at its other end 53 to blood input port 42 of high-flux
dialyzer 40. The blood supply circuit 50 is held by a pair of the gutter
members 34 relative to side edge 30 of support plate 20 to define a
U-shaped portion 54 extending laterally outward from side edge 30.
In-line pressure monitoring chambers 55 and 56 may be disposed
upstream and downstream, respectively, of U-shaped portion 54. In-
line blood sampling ports 57 and 58 may be included immediately
upstream of pressure monitoring chambers 55 and 56, respectively.
As illustrated in Fig. 2, blood supply circuit 50 sequentially passes
through first and second Y-shaped circuit merge members 37 and 39
extending from the back of support plate 20 and located upstream of
the high-flux dialyzer 40.

Anticoagulant fluid circuit 60 has a Luer connector 61 at one end
62 for-selective engagement with an anticoagulant pump and
reservoir assembly (e.g., a syringe pump comprising heparin solution)
and is interconnected at its other end 63 to the second circuit merge

member 39.
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Blood return circuit 70 is fluidly connected at one end 71 to
blood outlet port 44 of hemodiafiltration device 40 and has a Luer
connector /72 at its other end 73 for selective interconnection with a
catheter assembly. Blood return circuit 70 may include an in-line
blood sampling port 74 and an in-line pressure monitoring chamber
75.

Infusion fluid circuit 80 has a spike connector 81 at one end 82
for selective interconnection with a replacement solution or
bicarbonate solution reservoir assembly and is fluidly connected at
its other end 83 to the first circuit merge member 37 for pre-
conditioning dilution of the blood stream, or introduction of a
bicarbonate solution as may be desired. Therebetween, fluid infusion
circuit 80 i1s held by a pair of gutter members 34 relative to side
edge 31 to define a U-shaped portion 84. As will be appreciated, first
circuit merge member 37 could alternatively be positioned in the
blood return circuit 70 downstream of high-flux dialyzer 40, and
fluidly interconnected with infusion fluid circuit 80, for post-
conditioning dilution of the bloodstream, as may be preferred.

Treatment fluid circuit 90 has a spike connector 91 at one end 92
for selective interconnection with a blood treatment fluid reservoir
assembly (e.g., comprising dialysate) and is fluidly connected at its
other end 93 to the treatment fluid inlet port 46 of high-flux dialyzer
40. Therebetween, treatment fluid circuit 90 is held by a pair of
gutter members 34 relative to side edge 32 to define a U-shaped
portion '94.

Waste fluid circuit 100 is fluidly connected at one end 101 to the
waste outlet port 48 of high-flux dialyzer 40 and has a spike

connector 102 at its other end 103 for selective interconnection
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with a fluid waste reservoir assembly. Such an assembly may,
alternatively, be preconnected to spike connector 102. Between ends
101 and 103, waste fluid circuit 100 is held by a pair of gutter
members 34 relative to side edge 33 to define a U-shaped portion
104. An in-line pressure monitoring chamber 106 may be provided
between end 101 and U-shaped portion 104, and an in-line waste
fluid sampling port 105 may be provided between U-shaped portion
104 and end 103.

By way of example, support plate 20, legs 28 and connection
members 34, 36 may be of molded plastic construction. Fluid circuits
20, 60, 70, 80, 90 and 100 are preferably of flexible transparent
tubing construction, all of such tubing preferably having common
cross-sectional dimensions. The unconnected ends of the various
circuits (as packaged) may be provided with conventional plugs,
thereby accommodating selective modes of operation, as will be
further described. The entire blood conditioning/fluid circuit module
Is preferably sealed within sterile packaging for distribution, and
may be readily disposed of after use.

The illustrated blood treatment fluid circuit module 10 can be
readily mounted on a blood treatment apparatus such as blood
treatment apparatus 110 shown in Figs. 3 and 4. More particularly,
support plate 20 may be sized for positioning between four
rectangularly disposed peristaltic pumps 112, 113, 114 and 115 of
blood treatment apparatus 110, wherein each of the U-shaped
portioﬁs 54, 84, 94, and 104, of blood supply fluid circuit 50,
infusion fluid circuit 80, treatment fluid circuit 90 and waste fluid
circuit 100, respectively, can be contemporaneously positioned about

corresponding peristaltic pumps 112, 113, 114, 115, respectively. By

" [ LI R '-"'**h’llkdummmﬂmawtﬁwwwm"AWH'I 24 =2 atete adiana, '""'""“'."'““"‘-"’M‘mWwim'm‘mwmmm“’:m“i“'““'"“"‘ tegt v . . senge e et s taget® tytege B, = peensus peel s - 2 s aep . . . T T RRPTT il R S .



10

15

20

25

2115415

10

way of example, interconnection between blood treatment fluid
module 10 and the blood treatment apparatus 110 may be established
by selective engagement between engaging fingers 116 extending
from a carrier 118 of blood treatment apparatus 110 into receiving
apertures 38 of support plate 20. Such carrier 118, and thus engaging

fingers 116, may be disposed for retraction into blood treatment

apparatus 110 so as to establish operative interface between said U-
shaped portions 54, 84, 94 and 104 and peristaltic pumps 112, 113,
114 and 115, respectively, as desired. Such operative interface only
allows for fluid flow through fluid circuits 50, 80, 90 or 100, when
the corresponding peristaltic pump 112, 113, 114 or 115,
respectively, is operated ; each of such fluid circuits being otherwise
occluded by its corresponding pump.

Certain types of treatment, in particular the treatments used for
palliating acute renal failure, may require a continuous operation of
the pumps 112, 113, 114, or 115 for long periods of time (typically
several days), with low flow rates of the liquids circulated by these
pumps. Conventional peristaltic pumps with removable rotors
(comprising, for example, a rotor secured by means of a bayonet
mount at the end of the shaft of a DC motor) are not particularly
adapted to this operation mode, for the life span of a DC motor
operated continuously is limited. Further, given that DC motors have
a limited speed range, the only way to achieve the widely different
flow rates entailed is to adjust the diameter of the tubing used for a
given fluid circuit. And as the flow rates for the various fluid
circuits of the integrated fluid circuit module disclosed herein may
be substantially different, by using DC motors for rotating the

various pumps it is necessary to mount on such module tubings having
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various diameters corresponding to the various circuits and that
complicates the manufacturing process.

Consequently, the use of stepper motors in place of conventional
DC motors can solve the above problems, since the life span of such
motors, for the same use, is generally much longer than the life span
of DC motors, and their ability to rotate at a wide range of speeds
allows for fitting the module with tubing lengths having the same
diameter for all of the various circuits.

However, stepper motors connected to conventional removable
rotors generate, in operation, significant audible noise.

A modified rotor allows for substantially silent operation of a
peristaltic pump driven by a stepper motor. In particular, relative to
conventional rotors, three modifications can be made, as reflected in
Figure 8 : The rotor 300 is secured to the stepper motor shaft 310 by
means of a hand screw 320 and no longer by means of a bayonet
mount ; an elastomer damper 330 is interposed between each spring
loaded pivot arm 340 and the head of the screw 350 limiting the
outward rotation of the pivot arm 340 ; and each roller 360 is
mounted on the corresponding pivot arm 340 by means of a wave
spring washer 370 which resiliently urges the roller upwards.

To prepare for use, blood treatment fluid module 10 cah be
quickly and easily interconnected with the blood treatment apparatus
110 illustrated in Figs. 3 and 4. First, support plate 20 is engaged on
carrier 118 as described above, and carrier 118 is then retracted to
establiéh operative interface between U-shaped portions 54, 84, 94,
and 104, and corresponding peristaltic pumps 112, 113, 114, and 115.
Next, the various in-line pressure monitoring chambers provided with

blood treatment fluid module 10 are connected to corresponding
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pressure sensors 124. The anticoagulant fluid circuit 60 is then
connected to syringe 140 which is mounted on holder 120. Waste
fluid circuit 100 is connected to the waste fluid reservoir assembly
170, which in turn is hooked at the corresponding scale 122. The
foregoing steps are typically executed regardless of the type of
treatment to be carried out.

If the treatment chosen is slow ultrafiltration, the only
remaining preparation would be to connect blood supply and return
circuits 50,70 to the patient after initial rinsing and filling (i.e.,
priming)- of the circuits to be used during the treatment session.
Treatment fluid circuit 90 and infusion fluid circuit 80 are not used
for such treatment and the plugs at the respective free ends thereof
are therefore left in place.

If the treatment chosen is hemofiltration, the replacement fluid
circuit 80 is connected to the replacement fluid reservoir assembly
150, which is hooked to the corresponding scale 122. The treatment
fluid circuit 90 is not used and the plug at the free end thereof is
therefore left in place.

If the treatment chosen is conventional hemodialysis, the
treatment fluid circuit 90 is connected to the treatment fluid
reservoir assembly 160, which is hooked at the corresponding scale
122. The replacement fluid circuit 80 is not used and the plug at the
free end thereof is therefore left in place.

If the treatment chosen is "buffer-free" hemodialysis, the
treatmént circuit 90 is connected to the treatment fluid reservoir
assembly 160, which contains a dialysate without bicarbonate and is
hooked to the corresponding scale 122. The infusion fluid circuit 80

Is connected to the infusion fluid reservoir assembly 150 which
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contains a bicarbonate solution and is hooked to the corresponding
scale 122.
Finally, if the treatment chosen is hemodiafiltration, the
treatment fluid circuit 90 and the replacement fluid circuit 80 are
5 respectively connected to the treatment fluid reservoir assembly
160 and to the replacement fluid reservoir assembly 150 which
are each hooked to corresponding scales 122.
Whatever treatment is selected, when the circuits to be used
have been primed, the blood supply and return circuits 50,70 are
10 connected to the patient and the treatment session can be initiated
by operation of the appropriate pumps, and in particular, the blood
pump 112 when the supply fluid circuit 50 is interconnected to the
vein of the patient.
Numerous modifications to and applications of the present
15 invention are possible. For example, while the above-described
embodiment contemplates use in a venous blood supply arrangement,
the invention can also be readily employed in arterial blood supply
situations. In such situations, for example, U-shape portion 54 of
blood supply circuit 50 would not need to be positioned for operative
20 interface with a peristaltic pump since the arterial blood pressure of
the patient could be used to transfer the blood through blood supply
circuit 50 and blood return circuit 70. Further, and by way of example
only, it can be readily appreciated that support plate 20 could be
pentagonal, and a U-shaped portion of anticoagulant fluid circuit 60
25 could b_e defined relative to a side edge of the support plate 20 for

operative interface with an additional peristaltic pump of a blood

treatment apparatus.

Figs. 5-7 show a further alternate blood treatment fluid module
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210, comprising a rectangular support frame 220, with a high-flux
dialyzer 240 and multiple fluid circuits 250, 260, 270 and 280
mounted thereupon. Blood supply circuit 250, infusion (replacement)
fluid circuit 260, blood treatment fluid circuit 270, and waste fluid
S5 circuit 280 each pass through holes 222 in frame 220 to define U-
shaped portions 254, 264, 274 and 284, respectively, extending
laterally inward relative to different side edges 230, 321, 232, 233
of frame 220. As such, compactness is enhanced and U-shaped
portions 254, 264, 274, and 284 are advantageously protected within
10  support.frame 220.

Relatedly, high-flux dialyzer 240 is interconnected to support
frame 220 by a support leg 228, which is hinged to centrally
disposed struts 221 by lateral extensions (not shown) that fit into
apertures 223 on struts 221. Consequently, high-flux dialyzer 240

15 can be at least partially nested within support frame 220 and seats
225 thereof for packaging as shown by the rear perspective, partial
cutaway view of Fig. 7 (with fluid circuits removed for purposes of
illustration) ; and pivoted to an operative position where it is
"locked” by virtue of angled or rounded end 229 of the support leg 228

20 being restrained between opposing edge portions 227 on struts 221,
as shown by Figs. 5 and 6. It should be appreciated that compact
packaging of module 210 reduces not only packaging costs, but also
costs associated with sterilization, storage and transport.

Blood supply circuit 250 is fluidly connected at one end 251 to a

25 Dblood iﬁput port 242 of high-flux dialyzer 240. A blood return circuit
290 is fluidly connected at one end 291 to a blood output port 244 of
high-flux dialyzer 240, and infusion fluid circuit 260 is fluidly

iInterconnected at junction 300 with blood return circuit 290. Blood

. e taeees hemted e den Al G AR mmwmmmwmmmmmbmm:nm»ummmumuammnw.nmmmmmqqaﬁmuusucmmmum:m.»nu-‘mkm-qmaqummm,“hm,um.--.-.--m.--- .. .o I LI Ty L L R PP PP I P P P IRV R RO s b 1 ad 4t e D A A 1 M T (VD WO L EEDRBHN 6 245 T4 64 P £ ¢ HLL 4 U0 D L T P MM 15 . -



&)

2115415

15

conditioning circuit 270 is fluidly connected at one end 271 to a
treatment fluid input port 246 of high flux dialyzer 240, and waste
fluid circuit 280 is fluidly connected at one end 281 to a waste
output port 248 of high-flux dialyzer 240. As will be appreciated,
additional components and features could be included per the
previously described embodiment.

The invention is not limited to the specific embodiments
described above and encompasses as well variants and modifications

which will be apparent to those skilled in the art.
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CLAIMS

1. An integrated blood treatment fluid module (10 ; 210) for
cooperating with a blood treatment fluid apparatus (110), comprising :

a blood treatment device (40 ; 240) having two compartments, a first
compartment having an inlet and an outlet, and the second compartment

having an outlet ;
a blood supply fluid circuit (50 ; 250) having a portion for cooperating

with a peristaltic pump, and fluidly connected to the inlet (42 ; 242) of

the first compartment of the blood treatment device (40, 240),

a blood return fluid circuit (70 ; 290) fluidly connected to the outlet
of the first compartment of the blood treatment device (40, 240),

characterized in that it comprises :

a waste fluid circuit (100 ; 280) fluidly connected to the outlet (48 ;
248) of the second compartment of the blood treatment device (40,
240) ;

a support member (20 ; 220) for selective interconnection of the module
(10 ; 210) to the blood treatment apparatus (110), all the fluid circuits
converging or diverging to or from the support member (20 ; 220) and
the blood treatment device (40 ; 240) being fixed to the support member
(20 ; 220) so that the support member (20; 220) is interposed between
the blood treatment device (40 ; 240) and the blood treatment apparatus
(110) when the module (10 ; 220) cooperates with the apparatus,
wherein the support member (20 ; 220) comprises connection members
(34, 36) for holding the fluid circuits (50, 70, 100 ; 250, 290, 280) and
for defining a first U-shaped portion (54, 254) In the blood supply fluid
circuit (50 : 250) and a second U-shaped portion (104, 284) in the waste
fluid circuit (100 ; 280), with each U-shaped portion (54, 104 ; 254, 284)
extending from the support member (20 ; 220) for being adapted to
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cooperate with a peristaltic pump (112, 115) of the blood treatment

apparatus (110).

2. An integrated blood treatment fluid module (10 ; 210), according

5 to claim 1, further comprising an infusion fluid circuit (80 ; 260) fluidly
connected to one of either the blood supply fluid circuit (50 ; 250) or the
blood return fluid circuit (70 ; 290), wherein the support member (20 ;
220) comprises connection members (34, 36) for holding the infusion
fluid circuit (80 ; 260) and for defining a third U-shaped portion (84, 264)

10 in the infusion fluid circuit (80 ; 260) extending from the support member

(20 ; 220) for being adapted to cooperate with a peristaltic pump (113)

of the blood treatment apparatus (110).

3. An integrated blood treatment fluid module (10 ; 210), according

15 to claim 1 or 2, further comprising a treatment fluid circuit (90 ; 270)
fluidly connected to an inlet of the second compartment of the blood
treatment device (40 ; 240), wherein the support member (20 ; 220)
comprises connection members (34, 36) for holding the treatment fluird
circuit (90 ; 270) and for defining a fourth U-shaped portion (94, 274) in

00 the treatment fluid circuit (90 ; 270) extending from the support member

(20 ; 220) for being adapted to cooperate with a peristaltic pump (114)

of the blood treatment apparatus (110).

4. An integrated blood treatment fluid module (10) according to one

25 of the claims 1 to 3, further comprising an anticoagulant fluid circuit (60)

fluidly connected to the blood supply fluid circuit (50).

5. An integrated biood treatment fluid module (10 ; 210), according

to one of the claims 1 to 4, wherein :
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the support member (20 ; 220) has a plurality of side edges (30, 31,

32 33 : 230, 231, 232, 233) defining a polygon shape; and,
each of the U-shaped portions (54, 84, 94, 104 ; 254, 264, 2/4,
284) extends laterally from a different one of side edges (30, 31, 32, 33

- 230, 231, 232, 233) of the support member (20 ; 220).

6. An integrated blood treatment fluid module (10 ; 210), according
to claim 5. wherein the U-shaped portions (54, 84, 94, 104 ; 254, 264,
074, 284) are disposed in one-to one relation with the side edges (30, 31,

32 33 : 230, 231, 232, 233) of the support member (20 ; 220).

7. An integrated blood treatment fluid module (210), according to

one of the claims 1 to 6, wherein each of the U-shaped portions (254,

264, 274, 284) extend inwardly from the side edges (230, 231, 232,
233) of the support member (220).

8. An integrated blood treatment fluid module (10), as claimed in one

of the claim 1 to 6. wherein each of the U-shaped portions (54, 84, 94,
104) extend outwardly from the side edges (30, 31, 32, 33) of the

support member (20).

9. An integrated blood treatment fluid module (10), according to one

of the claims 5 to 8, wherein the polygon shape is quadrangular and the

blood treatment device (40) is centered about an axis lying within a plane

that diagonally bisects the quadrangular support member (20).

10. An integrated blood treatment fluid module (210), according to

one of the claims 5 to 8, wherein the polygon shape is rectangular and the
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blood treatment device (240) is centered about an axis lying within a plane

that contains a median of the quadrangular support member (220).

11. An integrated blood treatment fluid module (210), according to
5 one of the claims 1 to 10, wherein the blood treatment device (240) Is
mounted on the support member (220) so as to be movable between a

retracted packaging position and an extended operating position.

12. An integrated blood treatment fluid module (210) according to
10 claim 11, wherein the blood treatment device (240) is hinged on the
support member (220) for pivotal movement relative thereto and the

blood treatment device (240) is positionable to be at least partially nested

within the support member (220).

[5 13. An integrated blood treatment fluid module (210), according to

one of the claims 1 to 12, wherein the support member comprises a frame

(220).

14. An integrated blood treatment fluid module (10 ; 210), according
0 to one of the claims 1 to 13, wherein the fluid circuits (50, 60, 70, 80,
90. 100 : 250, 260, 270, 280, 290) comprise flexible tubings have

substantially the same cross-sectional dimensions.

15. An integrated blood treatment fluid module (10) according to one

»5  of the claims 1 to 14, wherein at least one of the blood supply fiuid circuit
(50), the blood return fluid circuit (70) and the waste fluid circuit (100)

comprises an in-line pressure monitoring chamber (55, 56 ; 75 ; 106).
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16. An integrated blood treatment fluid modute (10) according to
claims 15, wherein the blood supply fluid circuit (50) comprises two In-line
oressure monitoring chamber (55, 56) disposed on either side of the U-

shaped portion (54).

17. An integrated blood treatment fluid module (10) according to

one of the claims 1 to 16 wherein at least one of the blood supply fluid

circuit (50), the blood return fluid circuit (70) and the waste fluid circuit

(100) comprises an in-line sampling port (57, 58 ; 74 ; 105).
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