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57 ABSTRACT 
A dialyzer with a housing includes a pair of inflow and 
outflow pipes for blood and dialysis solution, and a 
tubular ring body formed from a plurality of hollow 
filaments joined to one another at their ends and posi 
tioned in the housing such that one pair of the pipes is in 
communicating relationship with open ends of the hol 
low filaments and the other pair of the pipes communi 
cates with the interstices between adjacent filament 
forming said tubular ring body. The invention also pro 
vides a dialyzer cartridge and a method of manufactur 
ing such cartridge. 

15 Clains, 3 Drawing Figures 
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DIALYZER CARTRIDGE AND METHOD FOR ITS 
MANUFACTURE 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The invention relates to a dialyser, in particular for 
haemodialysis, which comprises a housing with inflow 
and outflow pipes for blood and dialysis solution and 
open hollow filaments arranged in the housing and 
joined to one another at their ends, as well as to a dialy 
ser cartridge, as well as a method for the manufacture of 
such a dialyser. 

Haemodialysis requires a membrane of large surface 
area, some 1-1.5 m2 in size and 10-20 um thick, of a 
material capable of acting as a dialytic permeable mem 
brane, for example, cellulose acetate, polyacrylonitrile 
and similar materials are capable to act as separating 
layer between the blood and the suitably composed 
dialysis solution. The membrane is relatively easily 
permeable for water and low molecular weight constit 
uents of the blood, including also substances contained 
in urine. High molecular weight and corpuscular con 
stituents are however almost completely retained. 
Under the term dialysers for haemodialysis can be 

recognised spool or coil dialysers, plate dialysers and 
also capillary or hollow filament dialysers, in which the 
membrane is formed from a large number (e.g. 10,000) 
of hollow filaments having a diameter of about 150 um. 
In the hitherto usual arrangement the hollow filaments 
are collected into a loose bundle of parallel filaments 
and arranged in a cylindrical housing. The ends of the 
bundle of hollow filaments are sealed off and packed 
against the housing. The inflow and outflow of the 
blood stream is effected by connecting pieces screwed 
onto the ends of the housing. The dialysis solution 
flows, in countercurrent, along the outside of the capil 
laries or hollow filaments, inflow and outflow occur 
ring via lateral connections in the vicinity of the ends of 
the housing. 

In designing a hollow filament dialyser great efforts 
are made to achieve as great an effectiveness as possible, 
i.e. a flow distribution as uniform as possible is neces 
sary in order to fully utilize the membrane surface. High 
flow velocities are also desirable since this reduces the 
diffusion resistance in the blood and dialysis solution. 
Furthermore, the blood filling volume should be as 
small as possible and the blood flow resistance should be 
low. A hollow filament dialyser in principle provides 
the necessary prerequisites in order to meet these re 
quirements. 

OBJECTS OF THE INVENTION 

In view of the above, it is the aim of the invention to 
achieve the following objects, singly or in combination: 

to provide a dialyser of the afore-mentioned type 
which optimally meets the above requirements and 
which furthermore can be manufactured in an ad 
vantageous manner; 

to provide a dialyser in which the hollow filaments 
are in the form of a ring with the inflow and out 
flow of the medium flowing in the interstices from 
the middle thereof; 
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2 
to provide a dialyser cartridge that is replaceable 

within a housing, having inflow and outflow pipes 
associated therewith especially for blood dialysis; 
and 

to provide a method for manufacturing of a dialyser 
cartridge and/or housing. 

SUMMARY OF THE INVENTION 

In order to solve this problem the invention provides 
a dialyser in which the hollow filaments are arranged in 
the form of a ring and the inflow and outflow of the 
medium flowing in the interstices between the hollow 
filament pieces takes place from the middle. The flow 
conditions are thereby favorably influenced, and in 
addition this also provides the possibility of manufactur 
ing the unit consisting of hollow filaments in a particu 
larly convenient manner. 
A further embodiment of the invention accordingly 

proposes that the hollow filaments are wound on the 
core and that the ends of the wound hollow filament 
body are then impregnated with a cast resin and the end 
regions are cut off, after solidification, in such a way 
that the front surfaces of the individual hollow filament 
pieces are open. 

In this connection, the hollow filaments can be 
wound inclined or parallel to the axis of the core, wind 
ing being carried out with devices known per se. 

BRIEF FIGURE DESCRIPTION 
In order that the invention may be clearly under 

stood, it will now be described, by way of example, 
with reference to the accompanying drawings, wherein: 

FIG. 1 is a sectional view through a dialyser accord 
ing to the invention; 

FIG. 2 is a perspective view of a hollow filament 
body with the hollow filament windings inclined to the 
core axis; and 
FIG. 3 is a perspective view of a hollow filament 

body with windings parallel to the core axis. 
DETAILED DESCRIPTION OF PREFERRED 

EXAMPLE EMBODIMENTS 
Referring now to the drawings dialyser 1 according 

to the invention, is illustrated in FIG. 1, and consists of 
a two-part housing 2 in which a hollow filament body 
or cartridge 3 is located. The hollow filament body 
consists of a core 4, on which a body or hollow filament 
5 consists of cellulose acetate or polyacrylonitrile is 
wound in accordance with FIG, 2 or 3. 
The core 4 may be tubular having an outer wall or 

surface 4a and an inner wall or surface 4b with at least 
one radially extending separating wall 6 there between, 
as well as several passage openings 9 distributed on the 
periphery between the outer wall 4a and the inner wall 
4b, adjacent the two ends 7 and 8 of the core 4. The wall 
6 separates or divides the core 4 into a pair of chambers 
6a that are sealed from each other by the separating wall 
6. The two halves or sections 10 and 11 of the housing 
2 each have together with the tubular shaped core 4 an 
aligned inflow conduit or pipe 12 and outflow conduit 
or pipe 13. The pair or set of pipes 12 and 13 may be in 
axial alignment with each other and having a terminal 
end 12a and 13a respectively. Each pipe 12 and 13 may 
extend into an enlarged passage 12b and 13b respec 
tively, which are in alignment with the chambers 6a to 
provide a proper flow of fluid therethrough. Each half 
10 and 11 further has another pair or set of pipes consist 
ing of an inflow pipe 14 and outflow pipe 15 which open 
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out into a guide channel 16 and 17 in the interior of the 
halves 10 and 11 of the housing 2. The width of the two 
channels 16 and 17 preferably corresponds to the layer 
of hollow filament pieces 18 arranged in the form of a 
ring on the core 4. The inflow pipe 14 has an outer end 
14a, and the outflow pipe 15 has an outer end 15a. The 
inflow pipe 14 and outflow pipe 15 are provided in 
non-aligned relationship with respect to each other to 
provide the necessary flow length for the dialysis fluid. 

Like the cylindrical core 4, the hollow filament body 
3 also has a circular cross-section. A jacket 19 is ar 
ranged on the circumference of the hollow filament 
body 3, which not only holds together the external 
hollow filament pieces 18 but also serves for sealing 
purposes. The jacket 19 may extend the same axial 
length as the core 4 and coincide with the ends 7 and 8 
thereof. As illustrated in FIG. 1 the guide channels 16 
and 17 each include an inner edge or wall 16a and 17a 
that engages the ends 7 and 8 respectively, of the core 4 
as well as each end of jacket 19. The core 4 and jacket 
19 may be in co-axial alignment with each other. 
The manufacture of the hollow filament body is car 

ried out in accordance with FIGS. 2 and 3 in such a way 
that the hollow filament 5 is wound on the core 4 with 
an arbitrary number of windings 20, 21 and 22, the 
winding being performed so that the windings are either 
inclined or parallel to the longitudinal axis or plane of 
the core 4. During the winding procedure the hollow 
filament 5 is led back and forth so that after a certain 
angle of rotation of the winding device carrying the 
core 4, the said filament moves from one edge to the 
other edge. A compact or a lightly wound hollow fila 
ment body is thus obtained depending on the angle of 
inclination. 
The ends of the hollow filament body 3 wound in this 

manner are then impregnated with a cast resin so that all 
interstices are filled and the windings of the hollow 
filaments 5 are firmly embedded. In a following opera 
tion the outermost end regions of the hollow filament 
body 3 impregnated by the cast resin are cut off along 
the dotted lines 23 and 24 in FIG. 2, with the result that 
hollow filament pieces 18 roughly corresponding to the 
length of the core 4 are formed, which are open and 
freely accessible at their front faces for a flow of fluid 
through the hollow filament pieces 18. 

In the case of the hollow filament body 3 shown in 
FIG. 3, the hollow filament 5 is wound over the circum 
ference and the front sides of the core 4 so that the 
hollow filament pieces 18 lie on the circumference of 
the core approximately parallel to the axis thereof. 

During the winding the core 4 is slowly rotated about 
its longitudinal axis, which is at right angles to the wind 
ing axis. The angular displacement depends on the rela 
tionship between winding rate and the rotational veloc 
ity of the hollow filament body. The required distance 
or spacing between the hollow filament pieces 18 can be 
achieved by the simultaneous applying or winding of 
foil strips 25 and 26, which are wound in the direction of 
the circumference as can be seen from FIG. 3. 
When the hollow filament body 3 has been impreg 

nated with cast resin, hardened, and then cut at its edge 
or end regions, after the winding procedure, the jacket 
19 is applied, following which the hollow filament body 
3 can be inserted into the housing 2 consisting of practi 
cally equal sections of halves 10 and 11. After insertion, 
the two halves 10 and 11 or the housing are securely 
connected to one another in their flange region 27 and 
28 in a conventional manner. 
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4. 
The dialysis solution enters the dialyser through the 

centrally arranged inflow pipe 12 in the direction of 
arrow 32, and first of all passes into one half, or cham 
ber 6a, of the tube-shaped core 4, from which it then 
flows through the passage openings 9 in the direction of 
arrows 34, and splits up in the interstices between the 
hollow filament pieces 18. After the dialysis solution has 
flowed through the hollow filament body 3, it reenters 
the core 4 through the passage opening 9, in the direc 
tion of arrows 36, at the other end thereof into chamber 
6a and then flows directly to the outflow pipe 13, in the 
direction of arrow 38. 
The blood flows through the dialyser 1 in the oppo 

site direction. It enters through the inflow pipe 14, in 
the direction of arrow 40 which opens out into the 
guide channel 16. From there the blood is distributed 
through the hollow filament pieces 18 from which it 
flows into the guide channel 17 in the other half 10 of 
the housing, which channel 17 collects the blood and 
passes it to the outflow pipe 15 in the direction of arrow 
42. 

FIG. 1 clearly illustrates the sealing function of the 
jacket 19, against the walls 16a and 17a which prevents 
any bypass for the dialysis solution parallel to the hol 
low filament pieces 18 and into the chamber 6a, or 
passages 12b or 13b. 
A further prerequisite for satisfactory operation is 

that the end regions 29 and 30 of the hollow filament 
body 3, which are sealed with a cast resin, are abso 
lutely tight and impermeable since otherwise dialysis 
solution can pass into the two guide channels 16 and 17. 
The position of the passage openings 9 is chosen so that 
they are immediately adjacent to the end regions 29 and 
30 impregnated with cast resin. In this manner the spac 
ing between each hollow filament 18 is sealed prevent 
ing the escape from each end region 29 and 30, and yet 
permitting the flow of fluid through the individual fila 
ment pieces 18. 
The dialysis solution or medium is distributed very 

rapidly over the whole cross-section of the circularly 
arranged hollow filament pieces 18 by virtue of the feed 
of dialysis solution from the centrally arranged core 4 
into the interstices between the hollow filament pieces 
18 which are in communicating relationship with inflow 
and outflow pipes 12 and 13. The transition zone from a 
uniformly “flushed' cross-section to a "non-flushed' 
cross-section is very short at the inflow and outflow, 
which is accompanied by an increase in the exchange 
efficiency on account of the better utilization of the 
incorporated hollow filament surface. This can be fully 
exploited by incorporating a correspondingly smaller 
amount of hollow filament material in the dialyser, any 
increase in efficiency being relinquished, and in addition 
the flow resistance on the blood side can be markedly 
reduced if the number of hollow filaments is increased 
and their length is reduced, the total surface area re 
maining the same. This provides one of the conditions in 
haemodialysis for driving the blood circulation outside 
the body without the use of blood pumps, the natural 
arterial-venous pressure drop being utilized. The inven 
tion is not limited to the examples of the embodiments 
illustrated in the figures, and indeed alterations can be 
carried out without departing from the basic ideas of 
the invention. Thus, for example, it is also possible to 
provide appropriate separating walls instead of the sep 
arating wall 6 immediately adjacent to the passage 
openings 9, so that the dialysis solution passes into the 
interior of the hollow filament body 3 via the shortest 
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pathway. Furthermore, it may also be convenient if the 
manufacturing procedure described above is altered and 
the jacket 19 is applied before the ends of the hollow 
fiber body are impregnated with cast resin. 
Although the invention has been described with ref 

erence to specific example embodiments, it is to be 
understood, that it is intended to cover all modifications 
and equivalents within the scope of the appended 
claims. 
What is claimed is: 
1. A dialyser comprising housing means having a 

longitudinal axis and a central plane of symmetry ex 
tending perpendicularly to said longitudinal axis, said 
housing means including first and second housing mem 
bers each of which has a substantially mirror-symmetri 
cal shape relative to the respective other housing mem 
ber and relative to said plane of symmetry, each housing 
member having an open end portion facing said plane of 
symmetry and means for connecting the open end por 
tions of the two housing members to each other, each 
housing member further comprising a port section op 
posite said open end portion, each port section compris 
ing first central port means arranged substantially con 
centrically relative to said longitudinal axis and a cen 
tral cavity smoothly merging into said central port 
means and open opposite the respective first port 
means, each port section further comprising second 
port means located radially outwardly of said first, 
central port means and a ring cavity surrounding said 
central cavity and smoothly merging into the respective 
second port means, said ring cavity also being open 
toward said open end portion of the respective housing 
member, dialyser cartridge means in said housing 
means, said dialyser cartridge means comprising hollow 
tubular core means with a wall therein dividing said 
hollow tubular core means into two cavities extending 
coaxially relative to said longitudinal axis and substan 
tually in register with the respective one of said central 
cavities in the corresponding port section, hollow fila 
ments wound on said hollow, tubular core means, said 
hollow filaments having open ends, means bonding said 
open ends of said filaments to each other so as to close 
the spaces between the filaments adjacent the open ends 
and to form a ring body of filaments directly around 
said hollow tubular core means, said ring body of fila 
ments having interstices between adjacent filaments 
intermediate said bonding means, radially extending 
holes in said hollow, tubular core means to provide for 
a smooth flow communication between said first port 
means through said central cavities, through said radi 
ally extending holes, and through said interstices be 
tween adjacent filaments, said open ends of said fila 
ment ring body extending substantially in register with 
the respective one of said ring cavities to provide for a 
further smooth flow communication between said sec 
ond port means through said ring cavities and longitudi 
nally through said hollow filaments. 

2. The dialyser of claim 1, further comprising jacket 
means surrounding said filaments on said tubular core 

S. 

3. The dialyser of claim 1, wherein said hollow fila 
ments are directly wound on said hollow, tubular core 
to form winding sections having a curved shape and 
extending in planes slanting at an angle relative to said 
longitudinal central axis, said angle being such that said 
open ends of said filaments face the respective ring 
cavity (FIG. 2). 
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4. The dialyser of claim 1, wherein said hollow fila 

ments are directly wound on said hollow tubular core to 
form winding sections having a substantially rectangu 
lar shape initially having axially and radially extending 
portions, the latter having been cut off so that said open 
ends of said filaments face the respective ring cavity, 
(FIG. 3). 

5. The dialyser of claim 1, wherein said radially ex 
tending holes in said hollow, tubular core means are 
located near the outer ends of said hollow, tubular core 
means away from said wall in said hollow tubular core 
means whereby flow of liquid extends substantially 
radially adjacent said bonding means into and out of 
said interstices and substantially axially through said 
interstices intermediate said holes in said hollow tubular 
core means. 

6. The dialyser of claim 5, wherein said wall is located 
substantially in said plane of symmetry. 

7. The dialyser of claim 1, further comprising shoul 
der means in said port sections, said shoulder means 
contacting said hollow, tubular core means in a sealing 
afe. 

8. A dialyzer comprising housing means having a longi 
tudinal axis and a central plane of symmetry extending 
perpendicularly to said longitudinal axis, said housing 
means including first and second housing members each of 
which has a substantially symmetrical shape relative to the 
respective other housing member and relative to said plane 
of symmetry, each housing member having an open end 
portion facing said plane of symmetry and means for con 
necting the open end portions of the two housing members, 
each housing member further comprising a port section 
opposite said open endportion, each port section comprising 
first central port means arranged substantially concentri 
cally relative to said longitudinal axis and a central cavity 
coupled into said central port means, each port section 
further comprising second port means located radially 
outwardly of said first, central port means and a ring cavity 
surrounding said central cavity and smoothly merging into 
the respective second port means, said ring cavity being 
open toward said open endportion of the respective housing 
member, hollow filament means in said housing means, 
core means extending coaxially relative to said longitudi 
nal axis and between the respective central cavities in the 
corresponding port sections, said hollow filament means 
being held on said core means, said hollow filament means 
having open ends, means bonding said open ends of said 
hollow filaments to one another so as to close the spaces 
between the filaments adjacent the open ends and to form 
a ring body offilaments around said core means, said ring 
body offilaments having interistices between adjacent fila 
ments intermediate said bonding means, radially directed 
passage openings from the central cavities at the ends of the 
core means to provide a continuous communication be 
tween said first port means through said central cavities, 
through said radially directed passage openings and 
through said interstices between adjacent filaments, said 
core blocking any flow directly between said central cavi 
ties, said open ends of said filament ring body extending 
substantially in register with the respective one of said ring 
cavities to provide for continuous smooth flow communica 
tion between said second port means through said ring 
cavities and longitudinally through said hollow filaments. 

9. The dialyzer of claim 8, wherein said means for con 
necting the open end portions of the two housing members 
comprise sealing jacket means (19) surrounding said fiber 
bundle means, 
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10. The dialyzer of claim 8, wherein said first or second 
housing members comprise flanged enclosure portions en 
closing said dialyzer and abutting against each other in 
connecting relationship. 

11. A dialyzer comprising elongated housing means 
having a longitudinal axis, said housing means including 
outer jacker sealing means extending coaxially to said 
longitudinal axis, central core means extending coaxially 
within the outer jacket sealing means, said outer jacket 
sealing means and central core means defining therebe 
tween an annular space extending along the longitudinal 
axis of the housing, first and second housing end members 
engaging the coaxial outer jacket sealing means and cen 
tral core means at each end of the housing means, hollow 
filament means comprising hollow filaments positioned 
about said central core means and substantially occupying 
the annular space between the outer jacket sealing means 
and the central core means, said hollow filaments having 
open ends facing the respective end member at both ends of 
said housing means, means bonding the open ends of said 
filaments to each other to close spaces between the fila 
ments at each end of said housing means, thereby forming 
substantially a ring body of open ended filaments around 
the core means, whereby the open filament ends face the 
housing end members, said housing end members defining 
at each end of the housing means a ring cavity facing the 
open filament ends, said end members comprising periph 
eral port means smoothly merging into the ring cavity 
means for continuous smooth flow communication of fluid 
from said peripheral port means through said ring cavity 
and into the hollow filaments of the bundle through the 
open filament ends, said hollow filament means having 
interstices between adjacent filaments extending substan 
tially the entire length of the filament bundle intermediate 
the bonding means at each end said first and second hous 
ing end members further defining in combination with said 
central core means, central cavity means at each end of 
said housing means, said end members comprising central 
port means opening into said central cavity means, said 
central core means comprising flow blocking means inter 
mediate the ends thereof to prevent passage of fluid 
through said central core means from one end to the other 
said central core means further comprising opening means 
distributed around the periphery of said core means at each 

5 

10 

15 

20 

25 

30 

35 

40 

8 
tially the entire length of the filaments between the bonding 
rea S. 

12. The dialyzer of claim 11, wherein said outer jacket 
sealing means comprises elongated cylindrical wall means 
and wherein said central core means comprises coaxial 
cylindrical core means, 

13. The dialyzer of claim 11, wherein said central core 
means comprises a tubular core and wherein said separat 
ing means for sealing the tubular core means to prevent 
passage of fluid through the core comprises wall means 
across the tubular core intermediate said opening means at 
each end of core means, 

14. A dialyzer comprising housing means (10, 11), a first 
set of ports including inflow port means (14) for blood in 
said housing means and outflow port means (15) for blood 
in said housing means, a second set of ports including 
dialysis liquid inflow port means (12) in said housing 
means and dialysis outflow port means (13) in said housing 
means, tubular core means (4) in said housing means to 
provide an annular space between said housing means and 
said core means (4), hollow filament means (3, 18) having 
open filament ends, sealing and bonding means (29, 30) 
operatively bonding the hollow filament means (3, 18) to 
one another adjacent said open ends, said hollow filament 
means occupying said annular space, first flow communi 
cation means in said housing means (16, 17) for providing 
flow communication into and out of said open filament 
ends and the respective one of said port sets arranged at 
each end of said hollow filament means, interstices extend 
ing between said hollow filament means substantially all 
along said hollow filament means between said bonding 
means (29, 30), second flow communication means (9) in 
said core means (4) for providing flow communication 
between said interistices and said second set of ports, said 
second flow communication means consisting of first and 
second passage openings (9) extending radially outwardly 
through said core means (4) and located only substantially 
directly adjacent to each of said bonding means (29. 30), 
and separation means (6) in said core means (4) for closing 
aff said first passage openings (9) from said second passage 
openings (9) except through said interstices whereby a 
liquid flowing from said inflow port means to said outflow 
port means of said second set of ports is forced to flow 

end of the core means for directing fluid from the central 45 through said interstices substantially along the entire effec 
cavity radially outwardly into the interistices between said 
filaments at one end of the filaments and for receiving fluid 
from the interstices at the other end of the filaments, said 
outer jacket sealing means and central core means thereby 

tive length of said filament means between said first and 
second passage openings, for optimally using the available 
interface surface formed by said hollow filament means. 

15. The dialyzer of claim 14, further comprising jacket 
confining the flow of fluid, received through the central 50 means (19) surrounding said hollow filament means and 
port means and distributed radially into the interstices of 
the filaments, axially along the interstices through substan 
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said core means in said housing means, 
k k 
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