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Process for manufacturing a catheter and catheter
made by the process. ' '

Technical field of the invention

The present invention relates to a process for manufacturing a catheter, for
instance of the type used for insertion into the urethra, said catheter preferably
being coated by a layer of a hydrophilic material, said catheter further being
provided with a drainage or flushing opening adjacent to the free end which is to

be inserted into the urethra.
Background to the invention

Hydrophilic coated catheters are known, for example, from US-A-4585666 and
US-A-4666437 (Lambert/Astra Meditec AB) or US-A-4906237 (Johansson et al./
Astra Meditec AB).

US-A-4773901 (Norton/C. R. Bard, Inc.) discloses a catheter with a selectively
rigidified tip portion. The tip is coated with a hydrophilic polymer which absorbs

or adsorbs water in use so as to render the tip soft.

A commonly used technique when manufacturing catheters of the above kind is
to use an extruded_ flexible tube made of polymer material such as PVC or
polyethylene or a similar material and which has appropriate dimensions as a
starting material. The end of the tube is welded or melted shut or otherwise
closed ét one end. If so desired, the outside of the catheter is then provided with

a hydrophilic layer. The drainage/flushing hole is then punched into the tube.

A first way of performing the punching operation may be by means of a glancing

movement relative to the tube in which a part-circular part of the sidewalls of the
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tube is cut away by means of the pur'lch.' A disadvantage with this punching
operation is the difficulty to obtain an exact size of the hole, since a small error
in the alignment of the punch or in the tubing dimension will result in a great
difference in the size of the punched hole. This difficulty in obtaihiﬁg an exact
size of the hole may be remedied by using a second way of performing the
punching operation. In this second operation the punch is centred over the tube
and lowered on to the tube, compressing the sidewalls of the tube onto each other
and punching through the uppermost sidewall, and stopping the punching
operation well before there is any risk of penetrat_ing the lower sidewall. The hole
resulting from this punching operation will always be of the same size. The
difficulties connected with this operation is to decide exactly when to stop the
punch so as to be sure that one sidewall has been fully penetrated but the other

- sidewall with certainty has not been penetrated. It may be easier to adjzist the.

punch exactly when holes are punched in uncoated standard tubes having well-
defined wall thicknesses, but it may be different when the tube has been coated
with a layer, for instance a hydrophilic layer, since the layer affects the dimensions

of the tubing, at least to some extent.

Another problem in the manufacture of coated catheters arises when a catheter
made from a standard tube is formed with a curved tip (for instance a so called

'Tiemann-catheter), since the heat treatment connected with the coating procedure

or with a subsequent sterilisation may result in that the tip straigh'tens again due
to the "memory" of or to the remaining, unrelieved tensions in the polymer in the

- tube. The "memory" of the material may be defined as the tendency of the

material to resume its original shape due to the inherent orientation of the

material.
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Disclosure of the invention

In accordance with the invention the above difficuities are resolved in that the tip
portion of the catheter, including an inner lumen and a drainage/flushing hole is
injection moulded with inner and outer diameters corresponding to those of a

standard tube and subsequently joined to said standard tube.

Thus, according to the present invention there is provided a process for

- manufacturing a catheter for insertion into a body cavity, for instance of the type

used for insertion into the urethra, said catheter having a tip portion provided
with one or several drainage or flushing openings adjacent to the free end which
is to be inserted into said body cavity, the outside of the catheter being provided

with a coating, characterized in that said process comprises the steps of:
- injection-moulding a separate tip portion of the catheter, said tip portion
including an inner lumen and said drainage/flushing openings; the inner and outer

diameters of said tip corresponding to those of a standard tube,

- forming an end of a standard tube and an end of said tip portion to conform to

each other for a subsequent joining operation, and
- joining said tip to said standard tube in said joining operation,

whetein the coating is applied to the standard tube before the joining operation

is performed.

Difficulties encountered with punching coated tubes are thus eliminated.
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Such a pracess furthermore allows the coating to extend over the entire length of
the catheter, including the edges of the drainage/flushing openings. This may be

-achieved by coating the tip after the joining operation is performed. This way, it

is not necessary to immerse the entire assembled catheter into the coating

medium.

Coating would normally be achieved by mounting the catheter on rods or pins of

stainless steel. If the entire assembled catheter were immersed into the coating
medium, the rods would become contaminated with the solution, as it can enter
through the opening in the tip. Use of the present invention means that, after the
joining operation is performed, the catheter need only be immersed as far as the
region of the join. Internal coating of the catheter is also thus minimized. .

In fact, we prefer also to provide the inje.ction-moulded tip with a coating before
the joining operation is performed. This way, no substantial coating step need be

performed after the joining operation is performed.

On the other hand,' if, after the joining operation is performed, a second coating

~ operation is performed, we ensure that the area of the catheter in the region of

the join is coated. It may be difficult to get the second coating to stick, though
this can be.achieved by scratching some of the existing coating off, say 2 mm,

before the second.cpating operation is performed.

~ Before the: joining operation is performed, the coating may be applied to the

standard tube by the further steps of:

* - fusing or otherwise plugging one end of said standard tube,

- cdéting the outside of the catheter with a layer, and
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- cutting off the fused end or otherwise unplugging said end.

This way, possible coating of the stainless steel rods and interior of the catheter

during this stage of the manufacture is completely eliminated.

Any method may be used for joining the tip to the standard tube, such as
snapping togethér or even screwing. However, we prefer for the tip to be welded,
glued or solvent-glued to the standard tube. Glue compatible with the solvent

used for coating could be used, e.g. a glue which dissolves in the solvent, so as to

assist adhesion. The glue may extend partly into the lumen, but must not £0 too

far, as this would reduce the diameter of the lumen.

Using an oblique cut could cause problems with orientation of the standard tube
relative to the tip. Thus preferably a straight cut perpendicular to the axis of the

standard tube is used.

Any type of coating may be used, but the invention is particulary suitable if the
coating is a hydrophilic coating,

The invention allows a great: deal of versatility in the type of tips that may be
used. Thus, the tip may be moulded to a curved shape, as in a Tiemann catheter.

The invention gives a more stable shape.to these.

Similarly, the tip does not need to be of the same material of the standard tube.
It may be moulded from a material which is softer than the material in the
standard tube, or which is more rigid than the material in the standard tube. A

stiff tip would be used if, for example, prbstate problems are manifest.
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The tip and standard tube could just as easily be made of the same material. This

would make gluing easier.

Preferably the catheter is made of a thermoplastic polymer such as PVC or
polyethylene or a similar material. Such materials are ideal if the catheter is an
intermittent urina:y drainage catheter, as opposed to a balloon catheter for long-
term use. There is no need to shr_-ink the tip on to the $’t_ant_jard tube, as might be

done with balloon catheters.

In a further aspect of the invention, there is _provid_e_d'a Cat_heter made by such a '

process.
Detailed description of a preferred embodiment of the invention

A preferred embodiment of the invention will now be described, by way of
example. In the preferred embodiment, the catheter is coated with a hydrophilic

layer, for instance: in accordance with US patents Nos. 4585666 and 4666437

(Lambert/Astra Meditec AB) or 4906237 (Johansson er al./Astra Meditec AB).
The catheter is made by joi’nihg two parts, namely a part formed by a standard,
commercially available tube for instance made of PVC, and a part formed by an
injection-moulded tip. Before the joining operation, the two parts of the catheter

are coated with a hydrophilic layer:

The two parts of the catheter are coated by immersion in a coating solution. In
order to prevent the coating material or coating solution to enter the interior of
the tube, the end of the standard tube may be t_'us__éd or otherwise plugged. The
tube of course also may be coated by immersing the entire length of the tube in
the coating solution whilst ensuring that the open ends of the tube will not be
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immersed in the solution. The end of the tube is then cut in order to form an end

surface which is suitable for the joining operation which is to be used.

The hollow tip portions for the catheter are made separately by means of injection
moulding and the shape and properties of the tip thus can be adapted to the
intended use of the catheter. The tip portion is then immersed in the coating
solution. In one embodiment the tip portion is held on a mandrel filling or
sealing the inner lumen of the tip portion, the tip portion after the immersion
being removed from the mandrel, but the coating solution may in some instances

also be allowed to reach the inner lumen of the tip. The hindmost (in use) or

- proximal end of the tip portion is then cut to a shape complementary to the shape

of the cut end of the coated tube, and the two parts are joined together. The two
parts can be glued together by means of an appropriate glue or be solvent-glued,
i.e. the ends of the two catheter parts are slightly dissolved in a suitable solvent
and then pressed together. The two parts may also be welded together, for

instance ultrasonically.
The invention described above has several important advantages.

The openings in the catheter can be made round with smooth edges and
constantly with the same size. The edges of the openings will also be coated. An
injection-moulded, curved "Tiemann"-tip will be more inclined to keep the desired
shape after the heat treatment which may be involved in a coating and/or
sterilizing treatment in comparison to a catheter which has been formed (or,
morem;er, deformed) 10 a curved shape. If desired, the tip can be moulded from

a material which may be harder or softer than the material in the tube. The

- shape of the tip can be varied to a large extent so as to obtain a large number of

different catheters for different uses. One variation might for instance be a

"terminal eye", i.e. a rounded opening at the end of the catheter.
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It consequently will be easy to manufacture a wide range of catheters well adapted

- to different uses and well adapted to different types, shapes and courses of the

body cavities into which the catheters are to be inserted as well as to the way the

catheters are to be inserted.

The assortment of the catheters will be modularized since the same type of tip will
be used for different catheter lengths. Finally, the length of the catheter may be
decided after the coating procedure, since the shrinking problem will be of lesser
importance than in the catheters presently commercially available. Unrelieved
tensions in the polymer_material.in the tube:part of the catheter remaining as a
result of the manufacturing procedure may lead to shrinking in subsequent heat

treatments such as coating or sterilizing procedures.
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1. Process for manufacturing a catheter for insertion into a body cavity, for

CLAIMS

instance of the type used for insertion into the urethra, said catheter having a tip
portion provided with one or several drainage or flushing openings adjacent to the
free end which is to be inserted into said body cavity, the outside of the catheter
being provided with a coating, characterized in that said process comprises the

steps of:
- injection-moulding a separate tip' portion of the catheter, said tip portion
including an inner lumen and said drainage/flushing openings, the inner and outer

diameters of said tip corresponding to those of a standard tube,

- forming an end of a standard tube and an end of said tip portion to conform to

each other for a subsequent joining operation, and
- joining said tip to said standard tube in said joining operation,

wherein the coating is applied to the standard tube before the joining operation

is performed.

2. Process according to claim 1, characterized in that the injection-moulded tip is

also provided with a coating before the joining operation is performed.

3. Process according to claim 1 or claim 2, characterized in that, after the joining

- operation is performed, a second coating operation is performed, thus ensuring

that the area of the catheter in the region of the join is coated.

* [ L M N *
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4. Process according to any preceding claim, characterized in that said coating is

applied to the standard tube by the further steps of:

- fusing or lothen.;vis-c'_ ;.Jl_.ugging.onélénd of. said staﬁdérd tube, -

- coating the outside of the églthéper with a layer,

- cutting'off the. fuseci :end or .othew.vise unplugging said end, an_d
before the joining op_eratio_n' is performed.

5. Process according to claim 1, characterized in that said tip is welded, glued or

solvent-glued to said standard tube.

6. Process according to any one of the preceding claims, characterized in that said

coating is a hydrophilic coating.

7. Process according to any one of the preceding claims, characterized in that said

tip is moulded to a curved shape.

8. Process according to any one of the preceding claims, characterized in that said
tip is moulded from a material which is softer than the material in the standard

tube.

9. Process according to any one of claims 1 - 7, characterized in that said tip is
moulded from a material which is more rigid than the matcrial in the standard

tube.
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10. Process according to any one of the preceding claims, characterized in that

said catheter is made of a thermoplastic polymer.
11. Process according to claim 10, characterized in that said thermoplastic polymer
comprises PVC or polyethylene or a similar material.

12. Process according to any one of the preceding claims, characterized in that

4

said catheter is an intermittent urinary drainage catheter.

13. Catheter made by the process according to any one of the preceding claims.
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