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DESCRIPTION
CATHETERS AND METHOD OF MANUFACTURE

TECHNICAL FIELD
This invention relates to dual lumen catheters for use in
haemodialysis treatments and more particularly to a dual lumen

catheter having coaxial intake and return lumens.

BACKGROUND ART

Haemodialysis treatments have been developed since the
early 1960s using a variety of combinations and arrangements of
catheters. The earliest treatments were conducted using two needles
in the same vein and this subsequently led to pioneer work done by
Dr. Sheldon in England who used two flexible catheters which
could be left in place for limited periods. Some practitioners
proposed the use of a dual flow catheter because this could be
entered through a single incision rather than two. From this two
basic types were developed. One was a coaxial catheter with the
intake lumen surrounding the return lumen, and the other a
catheter having side-by-side lumens either in individual tubes
connected to one another or in a single extrusion defining two
lumens.

Catheters having side-by-side lumens have the
disadvantages that because the lumens are side-by-side, the intake
openings can be in one side of the catheter only. As a consequence
of this, if the catheter were to attach itself to the wall of a vein due
to suction applied to the intake lumen, then of course the flow
would stop. Medical staff then have to move the catheter by
rotating it until blood again flows. This is a very delicate
manipulation which is normally performed only by a qualified

medical practitioner who must be available at all times in case the
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flow is discontinued.

This disadvantage has resulted in renewed interest in
coaxial devices which can be made to have openings in any part of
the wall of the catheter. As a result, no matter where the catheter
may rest against a vein, some of the intake openings remain patent.
There is then less likelihood that during use the catheter must be
serviced by a trained medical practitioner.

Coaxial catheters are subject to design criteria which can
be difficult to meet and which may have contributed to the initial
popularity of side-by-side structures. Because the coaxial catheter is
inherently less resistant to kinking than side-by-side structures, the
tubes used in the structure have had relatively thick walls with the
result that the catheter had to also have a larger cross-sectional area
than an equivalent side-by-side catheter. One of the reasons for this
is that typically the inner tube projected beyond the outer tube to
form a distal tip section. Because of this the cross-section of the
inner tube has to be chosen to have sufficient rigidity to permit
engagement over a Seldinger wire. This consideration set the size of
the inner tube.

Another approach is taught by U.S. 4493696 to Uldall.
The catheter shown in this patent was designed specifically to
permit removal of the inner tube between treatments. It was
thought at the time of the patent (i.e. about 1980) that such a
procedure would be desirable. However, it is now accepted that
with modern techniques it is not necessary to remove the inner
tube. Also, the inherent disadvantages of accidental separating of
the tubes, accurate location of one tube relative to the other, sizing,
and the sudden change of section at the end of the inner tube, were
all obstacles to the use of this catheter.

The present catheter uses a structure which permits a relatively

thin walled inner tube to be used to minimize the overall cross-
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section of the catheter. Also, the inner tube meets the tip section
smoothly to provide a continuous inner lumen at a transition
portion where the inner and outer tube materials meet in a
permanent bond to minimize the risk of accidental separation and to
ensure repeatable manufacturing methods for more constant catheter

structures.

DISCLOSURE OF THE INVENTION

‘ In one of its aspects, the invention provides a dual lumen
catheter comprising outer and inner tube materials. A main portion
extends axially and has a selected first cross-section. The main
portion includes main portions of the respective outer and inner

tube materials which together define an annular intake lumen and a

main part of a return lumen contained inside the intake lumen. A

tubular transition portion is made up integrally of both the outer
and inner tube materials and has a second cross-section smaller than
the first cross-section. The transition portion extends axially from
the distal end of the main portion and this can be extended to
include a tip portion made up only of outer tube material and
which extends axially from the transition portion. The transition
portion on its own, or with the tip portion, defines a tip section
which is a continuation of said main part of the return lumen to

complete the return lumen.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention will be better understood with reference

to the drawings in which:

Fig. 1 is an isometric view of a preferred embodiment of
a catheter according to the invention;

Fig. 2 is a sectional view on line 2-2 and drawn to a larger

scale;
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Fig. 3-3 is a sectional view on line 3-3 of Fig. 1 and drawn
to the same scale as Fig. 2;

Fig. 4 is a diagrammatic view of a step in the
manufacture of a distal end of the catheter;

Fig. 5 is a view similar to Fig. 4 and showing a
subsequent step in the manufacture of the distal end;

Fig. 6 is a sectional view of a finished distal end of the
catheter;

Fig. 7 is an isometric view of a proximal end of the main
portion of the catheter during manufacture of the proximal end; and

Fig. 8 is a diagrammatic representation of the proximal
end prepared ready for moulding a connector at the proximal end of

the main body.

BEST MODE FOR CARRYING OUT THE INVENTION

Reference is first made to Fig. 1 which illustrates a

catheter designated generally by the numeral 20 and consisting of
the main portion 22 extending from a trident shaped connector 24
to a distal tip section 26. As seen in Fig. 2, the main portion 22 is
made up of an outer tube material 28 and an inner tube material 30
spaced radially from one another to define an annular intake lumen
32 and a circular return lumen 34. The return lumen 34 continues
beyond the main portion 22 and into the tip section 26 as indicated
by the section at Fig. 3. However, there is a transition between the
main portion 22 and the tip section involving both the outer and
inner tube materials 28, 30 as will be described.

At the proximal end, the trident shaped connector 24 has
connected to its respective intake and return tubes 36, 38 having the
usual luer connectors 40, 42 to make connection to tubing associated
with a dialysis machine or the like.

The connector 24 has internal channels connecting the
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tubes 36, 38 to the respective lumens 32, 34 (Fig. 2) as will be
described more fully with reference to Figs. 7 and 8.

The catheter is completed by the iriclusion of a rotatable
suture wing 44 mounted on the main section and held in place by a
collar 46 locating the wing 44 against the connector 24 for
longitudinal positioning of the wing. |

As also seen in Fig. 1, the catheter has side openings 48,
50. The openings are spaced circumferentially around the catheter
to provide access to the intake lumen 32 and optional side openings
50 are provided adjacent the distal end of the catheter to permit a
flow from the return lumen 34.

The structure of the tip section 26 will be better
understood with reference to the method of manufacture which is
illustrated in Figs. 4 and 5.

Reference is next made to Fig. 4 which is a diagrammatic
illustration of the early steps in the manufacture of the tip section.
As seen in Fig. 4, outer tube material 28 in the form of an extruded
round tube is positioned adjacent a RF heating device 52 and
contains inner tube material 30 also in the form of an extruded tube
of round cross-section. This latter tube has a thinner wall than the
outer tube, but this is not shown in order to simplify the drawings.

The material 30 contains a round stainless steel mandrel
54 which projects beyond the distal extremity of the outer tube
material 28 and is shaped for engagement in an opening 56 at the
inner end of the device 52. This device has an internal shape
matching that of the required tip section and includes a tubular
main portion 58 extending outwardly from a back wall 60
containing the opening 56, and ending at flared entrance 62 which
blends into the main portion 58 with a curvature to be given to the
catheter. It will be seen that the inner tube material 30 has an inner

diameter matching the outer diameter of the mandrel 54 and the
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distal end of the inner tube material 30 terminates inwardly of the
distal end of the outer tube material 28 by a distance equal to about
one quarter of the length of the cavity in the RF device 52.

Once the parts are arranged as shown in Fig. 4, the RF
device 52 is energized to heat the device to a temperature sufficient
to cause flow in the thermoplastic materials 28, 30. Once heating
has been achieved, the parts shown in Fig. 4 are moved into the
device 52 in unison and this movement continues until they take up
the position shown in Fig. 5. It will be evident from the
arrangement in Fig. 4 that the end of the mandrel 54 is first engaged
in the opening 56 and then the distal end of the outer tube material
28 meets the wall 60 and this ensures that the material about the
mandre] forms a constant wall thickness. While this is happening,
the distal end of the inner tube material 30 will meet the converging
outer wall material 28 and because of the heat, the two will blend
into one over a significant length of the device 52, indicated by a
separate and closer form of cross-hatching in Fig. 5. This is better
illustrated in Fig. 6.

As seen in Fig. 6, tip section 26 has a length "a" which
may include a tapered tip portion 64 formed either during or after
the procedure described with reference to Figs. 4 and 5. The
purpose of this is simply to improve the utility of the catheter in
association with a Seldinger wire which is fed through the centre of
the catheter.

As also seen in Fig. 6, the tip section 26 is made up of a
tip portion 65 having a length "c" and a transition portion 67 having
a length "d" corresponding to the closer cross-hatching mentioned
with reference to Fig. 5. Portion 65 is made up of the outer tube
material 28 whereas portion 67 is made up of both outer and inner
tube materials 28, 30. There is also a tapered portion 66 having a

length "b" made up of the outer tube material.

RECTIFIED SHEET (RULE 91)
ISA/EP
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This arrangement of manufacture permits a relatively
light thin walled inner tube material 30 to be used within more
robust outer tube material 28. The resulting return lumen 34 (Fig.
2) is smooth walled and continuous and is made up of outer tube
material 28 at the tip portion 65, both outer and inner tube
materials 28, 30 at the transition portion 67, and of the inner tube
material alone over the main portion of the return lumen
corresponding to portion 22 (Fig. 1) of the catheter.

As mentioned, it is desirable that the inner tube material
30 have a relatively thin wall in order to minimize the space lost to
flow within the outer tube 28, and consequently to reduce the area
of cross-section of the catheter. Because the outer tube material 28
is suffiéiently robust, it can be used advantageously to form the tip
portion 65.

It will also be appreciated that because the outer tube
material 28 is being reduced in diameter as it is deformed, it will
lengthen. Consequently the length of the tip section is a function of
the reduction in diameter and wall thickness.

Reference is next made to Figs. 7 and 8 which illustrate a
method of making the connector 24 and also show details of the
connector. As seen in Fig. 7, proximal ends 68, 70 of the outer and
inner tube materials 28, 30 are positioned so that the inner tube
material projects outwardly beyond the outer tube material. With
this arrangement, a pair of first and second mandrels 74, 76 are
engaged as shown in Fig. 8. The first mandrel 76 has a leading
cylindrical portion 78 blending outwardly into a converging and
generally conical portion 80, which in turn blends into a cylindrical
end part 82 angled with respect to the portion 80. The cylindrical
portion 78 is engaged in the inner tube material 30 and pushed into
place so that there is a slight flaring of this material as it engages on

the conical portion 80.



WO 94/21315

10

15

20

25

30

PCT/CA94/00150
-8-

Mandrel 74 is then engaged. This mandrel has an outer
cylindrical portion 84 which blends into a converging and generally
conical portion 86 ending at a projection 88. This projection has a
generally U-shaped configuration and is angled with respect to the
conical portion 86. .

The projection 88 on the end of the mandrel 74 is shaped
to fit the space provided when the inner material 30 is held against
the inner surface of the outer tube material 28. (i.e. in the position
shown in Fig. 7). As a result there is a generally U-shaped space
between the inner and outer tube materials which is filled by the
projection 88. The angular offsets of the cylindrical portion 78 of
mandrel 76 and the projection 88 of mandrel 74 result in these parts
extending axially with respect to the catheter while the cylindrical
end part 82 and cylindrical portion 84 of the mandrels diverge at an
angle "A" indicated in Fig. 8. These cylindrical parts receive
respective intake tubes 36 and 38 which are positioned as shown in
Fig. 8. Once the assembly shown in Fig. 8 has been completed, the
mould is closed and injection takes place to form the connector 24
shown in chain-dotted outline. This outline of course also
represents the cavity of the mould.

The material used for all of the parts is preferably
polyurethane, including the moulded connector 24, although other
materials can be used provided that the usual requi'rernents of
compatibility, etc. are met.

After moulding and cooling, the mandrels 74, 76 are
removed and because there is flexibility in the material, and because
the mandrels are smooth, the mandrels can be pulled out without
causing any damage.

It will be evident that this arrangement of connector
provides for a smooth transition from the respective intake and

return tubes 36, 38 to the respective intake and return lumens 32, 34

RECTIFIED SHEET (RULE 91)
ISA/EP
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(Fig. 2) in the main body of the catheter.

I is significant to note that the angle "A" shown in Fig. 8
can be kept to a small angle in the order of 15 to 20 degrees and is
readily maintained below 30 degrees. As a result, the flow into and

5 out of the catheter is essentially axial with reference to the main
section 34 at all times. This is desirable in situations where the
catheter has to be positioned such that the connecting tubes 36, 38
are as near in line with the catheter as possible.

In a typical catheter to be used for haemodialysis, the

10  inner tube material 28 has an outside diameter of 11.5 French
(3.8mm) and a wall thickness of 0.45mm, and the inner tube
material has an outside diameter of 6.5 French (2.15mm) and a wall
thickness of 0.19mm. The dimensions shown in Fig. 6 are
approximately: a = 30mm; b = 4mm; ¢ = 17mm; and d = 13mm.

15 The distance between the ends of the outer and inner tube materials
28, 30 in Fig. 4 is about émm and the travel in the RF device 52 is
about 25mm resulting in about 2-3mm increase in length.

One possible variation from the preferred embodiment is
to arrange for the distal end of the catheter to coincide with the

20 distal end of the transition portion 59 (Fig. 6). However it is
preferred to include the tip portion 57.

It is clear that the preferred embodiment described is
exemplary of the coaxial lumen catheters generally and that the
details and dimensions given are for example only. Such other

25  structures are within the scope of the invention as claimed.

INDUSTRIAL APPLICABILITY

Catheters of the described type are used in medical

procedures involving dual flow of body fluid, particularly blood.
The catheters are manufactured using established techniques for

30 plastics extruding and forming.
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CLAIMS -

1. A coaxial catheter (20) comprising inner tube material
(30) defining a portion of a return lumen (34) extending axially;
outer tube material (28) containing some of the inner tube material
and spaced radially from the inner tube material to aefine an intake
lumen (32); a transition portion (67) integrally attached to respective
inner and outer tube materials forming a smooth continuation
axially of said portion of the return lumen (34) and including
portions of said inner and outer tube materials; a tip portion (64)
extending axially from the transition portion and forming with the
transition portion a tip section (26), the tip portion forming a
further smooth continuation of said portion of the return lumen
(34) and being of said outer tube material (28), the tip portion (64)
defining a distal end of the catheter; openings (48) in the outer tube
material adjacent the transition portion to provide access into the
intake lumen (32); a connector (24) attached to the proximal ends of
the inner and outer tube materials (28, 30); and intake and return
tubes (36, 38) attached to the connector (24) for continuous fluid
communication with the respective intake and return lumens
whereby the catheter can be used for procedures requiring dual flow

through a single catheter.

2. A catheter as claimed in claim 1 in which the tip section
defines at least one further side opening (50) adjacent said distal end

of the catheter to permit flow from the return lumen.

3. A catheter as claimed in claim 1 in which the inner
lumen (34) is round in cross-section and in which the main portion

of the outer tube material (28) is round in cross-section.
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4. A catheter as claimed in claim 1 in which the inner tube
material (30) has a wall thickness less than the wall thickness of the

outer tube material (28).

5. A catheter as claimed in claim 4 in which the inner
lumen is round in cross-section and in which the main portion of

the outer tube material is round in cross-section.

6. A catheter as claimed in claim 1 in which the connector

(24) is trident shaped.

7. A catheter as claimed in claim 6 in which the intake and
return tubes (36,38) extend generally axially diverging equally with

respect to the axis of the main portion (22) of the catheter.

8. A catheter as claimed in claim 7 in which the angle of
divergence the intake and return tubes is in the range of 15 to 30

degrees.

9. A method of making a coaxial dual lumen catheter (20)
comprising the steps; providing an outer tube material (28) of a first
cross-section and having a selected length; providing an inner tube
material (30) of a second cross-section proportioned to fit loosely
within the outer tube material, the inner tube material having a
length comparable with said selected length; positioning the inner
tube material inside the outer tube material, the tube materials being
selected so that after this step there is an annular space between the
tube materials; placing a mandrel (54) inside the inner tube material;
applying heat and pressure to one end of the outer tube material and
moving the outer tube material into the heat and pressure to cause

some of the outer tube and inner tube materials to flow into one
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another about said mandrel to form a tip section (26) of smaller
cross-section than said first cross-section thereby defining a return
lumen (34) through the inner tube material and tip section, the
return lumen being smooth and continuous with a substantially
constant cross-section; forming at least one inlet opening (48) in the
outer tube material adjacent the tip section to provide flow into an

intake lumen (32) defined by said annular space.
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