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METHOD OF MAKING MEDICAL TUBING HAVING DRAINAGE HOLES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Application No.
61/466,348 filed on March 22, 2011 entitled "Method of making medical tubing having

drainage holes” which is hereby incorporated by reference in its entirety.

FIELD
[0002] This invention generally relates to novel methods for manufacturing
medical devices, more specifically, thin-walled, kink-resistant medical tubing having

drainage holes and adapted for insertion into a body tissue or cavities.

BACKGROUND
[0003] Medical tubing includes tubing used as stents, catheters, drain tubes,
access ports, endoscope bodies and the like. The requirements for each type of
medical tubing will depend on its use. For example, a medical tubing may need to be
very flexible and yet pushable, or it may need to be thin-walled and yet, kink-resistant.
Often, the tubing may require holes for drainage. The tubing may need to exhibit these
properties in only specific regions.
[0004] Various methods have been described for manufacturing medical tubing.
Most medical tubing is extruded from a single plastic material in a continuous forming
process. Whilé certain characteristics or variations may be imparted to the extruded

tubing by altering the speed or the tension of the extruded material as it exits and cools
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from the extrusion machine, the variations are limited by the fact that a single material is
extruded. Recent advances in extrusion technology have allowed the co-extrusion of
multiple materials. This provides some usable variations in extruded tubing.
Nevertheless, this is still a linear process and is still limited by the continuous flow of the
extruded materials. Moreover, extrusion methods do not yield medical tubing having
both very thin walls and high kink-resistance. However, it is relatively easy to add
drainage holes to extruded tubing, for example, by drilling or puncturing where desired.
[0005] Recently, an alternative method for producing medical tubing has been
described. For example, in U.S. Patent No. 7,005,026, a method is described wherein a
wire, coated with a plastic material, is wrapped around a mandrel forming a plurality of
windings. The wound coated wire is then heated until the plastic material melts and
bonds the windings to form a wire-reinforced sheath. See also U.S. Pat. No. 7,534,317,
describing a method of manufacturing medical tubing by coating a mandrel with a first
layer of plastic material to form an inner tube, placing a braid over the inner tube,
placing a spring reinforcement over the braid, and then coating the braid with a second
layer of plastic material to form an outer tube of a braid-reinforced sheath.

[0006] Medical tubing produced by these methods can be both thin walled and
Kink resistant, but it may be difficult to incorporate drainage holes, as care must be
taken not to sever the wire/braid/spring reinforcement incorporated into the tubing. As
the skilled practitioner will appreciate, a break in the wire reinforcement, whether the
wire is formed from metal, plastic, or some other material, may reduce the column

and/or hoop strength of the reinforced tube, and produce potentially hazardous broken
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ends. It may also produce undesirable debris or even projections or scars disrupting
the outer surface of the tubing.

[0007] Accordingly, there is a need for medical tubing that is both thin walled and
kink resistant and that includes drainage holes. There is further a need for a method of
incorporating drainage holes into wire-reinforced tubing that avoids cutting or nicking the

wire.

SUMMARY
[0008] According to one aspect of the invention, a method for manufacturing a
kink-resistant tube having drainage holes is provided. The method includes the step of
coating a wire with a plastic material. The coated wire Is wound around a mandrel
forming a plurality of windings. The wound coated wire is heated until the plastic
material of the wire melts and bonds the windings forming a wire-reinforced sheath
having wire-containing sections and non-wire containing sections. At least one non-wire
containing section is identified and at least one hole is formed in the non-wire containing
section.
[0009] According to another aspect of the invention, a method for manufacturing
a kink-resistant tube having drainage holes iIs provided. The method includes the step
of coating a wire with a plastic material. The coated wire is wound around a mandrel
forming a plurality of windings. The wound coated wire is heated until the plastic
material of the wire melts and bonds the windings forming a wire-reinforced sheath

having wire-containing sections and non-wire containing sections. At least two wire
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containing sections are identified and at least one hole is formed between the two wire-
containing sections.

[0010] According to another aspect of the invention, a method for manufacturing
a kink-resistant tube having drainage holes is provided. The method includes the step
of winding a wire together with a plastic flament around a mandrel forming a plurality of
alternating windings of wire and plastic filament. The wound wire and the filament are
heated until the polymer material of the wire and the filament melt and bond the
windings forming a wire-reinforced sheath having wire-containing sections and non-
wire-containing sections. At least one non-wire containing section iIs identified or

detected and at least one hole is formed in the non-wire containing section.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIGs. 1A-1D show steps in a prior art process for manufacturing a thin
walled, kink resistant tube.
[0012] FIGs. 2A-2B show a method for manufacturing a thin walled, kink
resistant tube by alternately winding an uncoated wire and a polymeric filament around
a mandrel.
[0013] FIGs. 3A-3C show a method for manufacturing a thin walled, kink resistant
tube having drainage holes, by alternatively winding an uncoated wire with a polymeric
filament having an oval cross-section around a mandrel.
[0014] FIG. 4 shows a method for manufacturing a thin walled, kink resistant tube

by winding a wire coated with polymer having an oval cross-section around a mandrel.
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[0015] FIG. 5 is a perspective view of a wire-reinforced, thin walled, kink resistant
tube with a drainage hole drilled between wire colls in the tube.

[0016] FIGs. 6A-6C are illustrations of (A) a front view of the drill, control box, and

display monitor, (B) a hole drilling area, and (C) a close-up of the hole drilling area.
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DETAILED DESCRIPTION
[0017] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the art fo
which this invention belongs. Although any methods, devices and materials similar or
equivalent to those described herein can be used in the practice or testing of the
invention, the preferred methods, devices and materials are now described.
[0018] All publications mentioned herein are incorporated herein by reference for
the purpose of describing and disclosing, for example, the structures and/or
methodologies that are described in the publications which might be used in connection
with the presently described invention. The publications discussed above and
throughout the text are provided solely for their disclosure prior to the filing date of the
present application. Nothing herein is to be construed as an admission that the
inventors are not entitled to antedate such disclosure by virtue of prior invention.
[0019] U.S. Patent No. 7,005,026 describes a process for manufacturing medical
tubing having thin walls and high kink resistance. This process is shown in FIGs. 1A-1D
and summarized below.
[0020] With initial reference to FIG. 1A, a wire 2 is coated with a plastic material
4, for example, in a coextrusion process. The coated wire is then wrapped or wound on
a straight or tapered mandrel 6 forming a desired profile of the resultant tube such as a
reinforcement coil or spring 8 as illustrated in FIG. 1A. After wrapping, the wound
coated wire is heated as shown In FIG. 1B until the plastic material 4 melts and bonds
the windings. FIG. 1B shows a shrink tube 10 being used to help compress the

windings. The plastic material 4 melts and bonds the windings to form the resultant
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tube or sheath 12 and the shrink tube 10 is removed as shown in FIG. 1C. Once
cooled, the sheath 12 is removed from the mandrel 6 leaving the wire reinforced tube 12
as shown in FIG. 1D. It should be noted that the wound coated wire is heated until the
plastic material 4 is formed above, below and in between the wire windings. The
wire/plastic coextrusion may be round, have straight edges that can be laid adjacent to
each other when winding or have interlocking shapes. The wound coated wire may be
heated in one of several ways including: (i) capturing the windings within a shrink tube
10 as illustrated in FIG. 1B and heating until the shrink tube 10 encapsulates all the
windings and the sheath is formed; and (ii) using a mold to compress the windings and
heating the windings until the sheath is formed. The heat shrink tube 10 or mold is then
cut or removed from the sheath 12 as illustrated in FIG. 1C. That is, after the plastic
material such as polyurethane has melted together to form the sheath 12 with spring
reinforcement, the shrink tube 10 is cut away and the mandrel 6 is removed. The
resulting wire-reinforced tube 12 can then be further modified by tip forming, ink
measurement marking, hydrophilic coating, pigtail coil forming and the like.

[0021] As will be appreciated, this de-molting manufacturing process involves
three steps: 1) wire coating; 2) de-molting in which the coated wire is wound around the
mandrel and heated to form a tube; and 3) top level assembly, where tips, markings,
pigtail coils, etc. are added to the de-molted tube. The present invention is directed to
modifications of this de-molting method that make the process more efficient and cost-
effective, and/or that incorporate a hole-drilling process into the top level assembly step.

More generally, the present invention is directed to a method of detecting appropriate
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drill sites for incorporating holes during manufacture of medical tubing having a wire
reinforcement, regardless of the method used to manufacture the tube.

[0022] A first embodiment of the present invention is directed to a modification of
the de-molting process that does not require the use of an extruder to coat the wire,
thereby, obviating step one of the manufacturing process. In this embodiment, shown In
FIG. 2A, a raw metal wire 14 is alternatively wound with a filament 16 comprising a
polymeric material around the mandrel 6. It is appreciated that the polymeric material
can be polyurethane, a thermoplastic, a thermoset, a silicon thermoset polymer or any
plastic or polymeric material having hard and/or soft durometer. This is then heated as
described above with respect to the prior art, causing the polymeric material to melt
over and around the raw metal wire, forming a wire reinforced tube containing the wire
14 and polymer material 17 as shown in FIG. 2B. Tubing made according to this
process will be thin walled, flexible and kink resistant. In addition, the time and costs
associated with the manufacturing process are reduced by eliminating the initial step of
coextruding wire with polymeric material to coat the wire before winding it on the
mandrel 6.

[0023] A second embodiment of the present invention incorporates a hole-
creating step in the top-level assembly and will be described below.

[0024] A wire, preferably stainless steel, titanium, tantalum, tantalum with a
stainless steel core, or other radiopaque, MRI-safe material, is coated with a polymer
and wound around a mandrel. Suitable polymeric materials include hard plastics, glass-
filled polymers, KEVLAR® fiber, fishing wire or other hard fibers. The wire and mandrel

are inserted into a silicone tube to form a de-molting assembly. The de-molting
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assembly is placed into a heated oven and heated until the polymer melts and forms on
the inner diameter to the mandrel and the outer diameter to the silicone tube. The
assembly is removed from the oven and cooled. The mandrel is removed from the
silicone tube. The resulting fused tube is removed from the mandrel. A light is directed
at the resulting tube to identify light and dark sections on the tube and holes are drilled
at desired intervals, drilling only through the relatively light sections of the tube where
the wire is not present relative to the darker wire-containing sections. Optionally, a tip is
added to the tube, ink centimeter markings are added to the tube, a hydrophilic coating
is deposited on the tube, and/or, pigtail coils are formed at the end or ends of the tube.
[0025] As indicated above, one technique for identifying appropriate drill sites for
holes is the use of light transmission. Placing the de-molted tube between a light
source or illuminator and a detector or sensor such as a camera, light transmission
through the tube can be detected. As more light will be transmitted through the wire-
free portions of the tube and less light through the wire-containing portions, the camera
will detect a series of light-dark sections.

[0026] As will be appreciated, this detection system may be automated, such that
the tubing is moved relative to the drill and the drill is automatically directed to
incorporate holes only in light sections of the tube according to an algorithm
programmed in a processor. Alternatively, the drill may be directed to incorporate holes
anywhere except dark sections of the tube, or within a specified distance of a dark
section. For example, if the pitch of the wire coll in the tube is approximately 4 mm, the

drill can be directed to detect a dark band and drill approximately 1 to 2 mm on either



CA 02830514 2013-09-17
WO 2012/129316 PCT/US2012/029964

side of the dark band. Of course, the drill may penetrate both sidewalls in one pass of
the drill or enter by a shorter distance to penetrate only one sidewall in one pass.

[0027] Alternate methods of light transmission detection are also contemplated
by the present invention. For example, instead of directing light through the tube from
the exterior, light can be directed through the interior of the tube, for example by a light
fiber, and the light/dark sections detected by a detector such as a camera, sensor,
image processor or light meter. At least one information pertaining to the light and dark
sections is transmitted to a processor and analyzed according to an algorithm to direct
the drill safely through the light sections.

[0028] Various modifications to the manufacturing process can enhance light-
dark contrast of the de-molted tube sections and allow for variable size holes. For
example, the pitch of the wire coil can be increased to provide a larger target for drilling
holes or to allow the drilling of larger diameter holes. As will be appreciated, the desired
minimum size of the hole will depend on the surface tension of the fluid passing through
the drainage hole and maximum size of the hole will depend on the inner diameter of
the tube into which the hole is drilled. The size of the hole can be increased beyond the
limits of the inner tube diameter by drilling an oval-shaped or elongate hole having a
major axis that is substantially parallel to the axis of the tube.

[0029] In one embodiment of the present invention, in step one of the de-molting
manufacturing method, a coated wire is alternatively wound with a filament comprising a
polymer material around the mandrel to thereby increase the pitch of the wire coil. This
will increase the width of the light sections when light is passed through the de-molted

tube and provide more tolerance in selecting the drill site for holes. In one variation, the
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polymer of the wire coating and of the filament is the same. In another variation, the
filament comprises a softer material than the coating on the wire. The wound coated
wire would perform like a spring coil while the softer filament would behave as the more
compliant body of the tube allowing kink-resistant bending and twisting. The difference
in the durometer of the two materials does not need to be substantial.

[0030] Optionally, in order to further distinguish between the wire and non-wire
sections, colorant may be added to either the polymer used to coat the wire or the
plastic filament or both. Alternatively, different amounts of the same colorant or different
colorants having different light transmission characteristics may be added to each of the
polymer coating the wire and the plastic flament. Wire and non-wire sections may then
be determined either by detecting light transmission through the tube or by direct visual
iInspection, with holes being added to those portions of the tube having the color
characteristics of the plastic filament. Alternatively, a transparent polymer may be used
either to coat the wire or in the plastic filament, or both.

[0031] With particular reference to FIG. 3A, in one embodiment, the plastic
filament has an oval cross-section, with the minor axis approximately equal to the
diameter of the wire and the major axis larger than the diameter of the wire. The plastic
filament is wound around the mandrel with its major axis generally para'llel to the axis of
the mandrel, allowing the pitch of the wire coll to be varied according to the major axis
of the plastic filament while maintaining the same height as the coated wire. FIG. 3A
shows a cross-section of a mandrel 6 wound alternatively with polymer-coated or non-
coated wire 18 and a plastic filament 20 having an oval cross-section. FIG. 3B shows

the same tube after de-molting, with the wire colls separated by larger target drilling
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sites, indicated by open arrows. FIG. 3C shows the tube with the drilled holes In
locations indicated by solid arrows.

[0032] In an alternative embodiment shown in FIG. 4, in step one of the de-
molting process, the wire is coated with a polymer having an oval profile. The coated
wire 22 is wound around the mandrel with the major axis of the coated wire generally
parallel to the axis of the mandrel as shown in FIG. 4. As the polymer melts during step
two of the de-molting process, a polymer-filled space is produced between coils of the
wire into which holes may be introduced without nicking or cutting the wire.

[0033] As described above, light transmission is a preferred method of detecting
the non-wire portions of a tube for identifying hole drill sites. It is relatively inexpensive
and efficient, and lends itself to automation. However, the present invention
contemplates and encompasses other means of detection as well. For example,
ultrasound or x-rays may used to distinguish between the wire-containing and non-wire
sections. Alternatively, a hardness gauge may be used to identify the relatively harder
wire sections. Also conductivity measurements may be made by passing an electrical
current through the wire to distinguish the conductive wire sections from the non-
conductive polymer sections.

[0034] Holes may be introduced into the tubing by various processes, including
but not limited to drilling, punching and melting. The holes may be formed in various
shapes, including but not limited to a circle or an oval. See FIG. 5 for an example of a

circular hole 24 introduced into the non-wire section of a tube according to the process

of the present invention.
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[0035] As referenced above, the present method may be automated {o produce
wire-reinforced tubing having drainage holes. It is important to note that this process
may be used on tubing manufactured by a process other than the de-molting process,
so long as the wire reinforcement and the hole target areas of the tube have different
light transmission characteristics.

[0036] FIGs. 6A-6C show an example of a manufacturing set-up for the present
method of introducing drill holes. The manufacturing set-up includes drill assembly 28
connected to a computer/microprocessor control box 24 and display monitor 30. As
seen in FIGs. 6B and 6C, a wire-reinforced tube 26 secured with tubing immobilizers 25
is placed beneath a drill assembly 28 on a light source 34. The drill assembly 28
includes a coring needle 27 connected to a reciprocating motor and arranged to be
substantially perpendicular to the surface of the tube 26. The drill assembly 28 further
includes detection means including software and hardware configured to run on the
microprocessor in the control box 24 including but not limited to an x-ray, image
capture, light sensor, an optical system including an optical train of lenses and filters for
image capture, intensity, color and/or image analysis, camera and electrical conductivity
meter. Image capture is displayed on the display monitor 30 showing an image such as
of an illuminated tube 32 as illustrated Iin FIG. 6A. Typical algorithms known to one
having ordinary skill in the art are run by the microprocessor to analyze the image and
identify target non-wire containing sections of the sheath. Target drill site analysis is
conducted by the microprocessor and the drill needle is directed to penetrate the tube

26 at the appropriate locations. The tube 32 is moved above the light source to position
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the next drill target location of the tube 32 beneath the needle 27 to drill the subsequent
hole.

[0037] The foregoing disclosure and description of the invention are illustrative
and explanatory thereof, and various changes in the size, shape and materials, as well
as in the details of the illustrated construction, may be made without departing from the
spirit and scope of the invention. For these reasons, the above description should not
be construed as limiting the invention, but should be interpreted as merely exemplary of

preferred embodiments.
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CLAIMS
We claim:
1. A method for manufacturing a kink-resistant tube having holes, comprising:

coating a wire with a plastic material,

winding the coated wire around a mandrel forming a plurality of windings;

heating the wound coated wire until the plastic material of the wire melts and
bonds the windings forming a wire-reinforced sheath having wire-containing sections
and non-wire containing sections;

identifying at least one non-wire containing section; and

forming at least one hole in the non-wire containing section.

2. The method of claim 1 further including the step of using light transmission

through the wire-reinforced sheath to identify the non-wire containing sections.

3. The method of claim 2 wherein the step of identifying at least one non-wire

containing section includes using a light sensor to detect relative light and dark areas.

4. The method of claim 3 wherein the step of coating the wire includes coating a

wire with plastic material formed into an elongate cross-section.
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5. The method of claim 4 wherein the step of winding the wire around the mandrel
such that the major axis of the elongate cross-section is substantially parallel to the

longitudinal axis of the mandrel.

6. The method of claim 1 wherein the step of forming at least one hole includes
forming an elongate hole having a major axis substantially parallel to the longitudinal

axis of the sheath.

7. The method of claim 1 wherein the step of identifying at least one non-wire

containing section includes the step of detecting at least one wire-containing section.

8. A method for manufacturing a kink-resistant tube having holes, comprising:
coating a wire with a plastic material;
winding the coated wire around a mandrel forming a plurality of windings;
heating the wound coated wire until the plastic material of the wire melts and

bonds the windings forming a wire-reinforced sheath having wire-containing sections

and non-wire containing sections;
identifying at least two adjacent wire containing sections; and

forming at least one hole between the two adjacent wire-containing sections.

9. The method of claim 8 further including the step of using light transmission
through the coated wire to detect the darker wire-containing sections relative to the

lighter non-wire containing sections.
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10. The method of claim 8 further including passing a light through at least one wall

of the wire-reinforced sheath.

11. A method for manufacturing a kink-resistant tube having holes, comprising:

winding a wire together with a plastic filament around a mandrel forming a

plurality of alternating windings of wire and plastic filament;

heating the wound wire and the filament until the polymer material of the wire and
the filament melt and bond the windings forming a wire-reinforced sheath having wire-

containing sections and non-wire-containing sections;
identifying at least one non-wire containing section; and

forming at least one hole in the non-wire containing section.

12.  The method of claim 11 wherein the step of identifying at least one non-wire

containing section includes the step of detecting two adjacent wire containing sections.

13. The method of claim 11 further including the step of coating a wire with a polymer

material.

14. The method of claim 13 wherein the step of winding a wire includes winding a

wire coated with a polymer material together with a plastic filament that is softer than

the polymer material coating the wire.
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15. The method of claim 13 wherein the step of heating includes the step of heating
the wound coated wire and the filament until the polymer material of the wire coating
and the filament melt and bond the windings forming a wire-reinforced sheath having

wire-containing sections and non-wire-containing sections.

16. The method of claim 11 wherein the plastic filament has an oval cross-section.

17. The method of claim 16 wherein the step of winding a wire coated with a polymer
together with a plastic filament includes winding the plastic filament such that the major
axis of the oval cross-section is substantially parallel to the longitudinal axis of the

mandrel.

18.  The method of claim 11 wherein the filament includes a colorant and the step of

detecting at least one non-wire containing section includes detecting the colorant.
19.  The method of claim 11 wherein the step of identifying at least one non-wire
containing section includes the step of detecting the darker wire-containing sections

relative to the lighter non-wire containing sections.

20. The method of claim 11 further including the step of passing light through at least

one wall of the wire-reinforced sheath.
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