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(57) Abstract: A method for manufacturing a non stick medical tube is provided. The method includes providing a first plastic
resin to a tubing extrusion device and providing a second plastic resin to a tubing extrusion device, the second plastic resin com-
prising a medical grade amide compound. The method further includes mixing the first plastic resin with the second plastic resin
and extruding the resin mixture such that the medical grade amide compound is present on an inner surface of the medical tube af-
ter extrusion to promote release of contacting surfaces of the inner surface of the medical tubing after contact.
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NON-STICK MEDICAL TUBING

Field

This technology relates generally to medical equipment. More patrticularly,

the technology relates to medical tubing.

Background

Many times, medical tubing is clamped long and short term with devices such
as hemostats, roller clamps and pinch clamps. One problem with clamping is that
after the clamp is removed from the tubing, the inner walls of the tubing become
stuck together and the opening is partially or fully occluded. The occluded line

restricts or stops flow of fluids to the patient.

The appearance of tube occlusion makes clinicians pinch tubing and
massage the kink out and when tubing still looks occluded, clinicians discard the
existing tubing and start a new one. If the restriction is not identified, line occlusion
could lead to improper administration of fluids to a patient. The sticking of tubing
after clamping ultimately results in lost time, increased costs and possible patient

harm.
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Summary

Embodiments here described include a method for manufacturing a non stick
medical tube. The method includes providing a first plastic resin to a tubing
extrusion device and providing a second plastic resin to a tubing extrusion device,
the second plastic resin comprising a medical grade amide compound. The method
further includes mixing the first plastic resin with the second plastic resin and
extruding the resin mixture such that the medical grade amide compound is present
on an inner surface of the medical tube after extrusion to promote release of

contacting surfaces of the inner surface of the medical tubing after contact.

Embodiments here described also include a non-stick medical tubing. The
medical tubing includes a plastic resin mixture including a first plastic resin
component and a second plastic resin component, the second plastic resin
comprising a medical grade amide compound. The plastic resin mixture is extruded
by an extruding apparatus such that the medical grade amide compound is present
on an inner surface of the medical tube after extrusion to promote release of

contacting surfaces of the inner surface of the medical tubing after contact.
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Brief Description of the Drawings

Features will become more apparent from the detailed description set forth
below when taken in conjunction with the drawings in which like references identify

corresponding parts throughout, and wherein:

Figure 1 shows a prior art medical tube with occlusion after to a clamping

force has been applied.

Figure 2 shows an exemplary non-stick medical tube comprising a medical
grade amide compound for preventing occlusion after a clamping force has been

applied to the tube in accordance with embodiments of the present invention.

Figure 3 shows an exemplary system for extruding a non-stick medical tube
comprising a medical grade amide compound for preventing occlusion in

accordance with embodiments of the present invention.

Figure 4 shows an exemplary peristaltic pump with a non-stick medical tube
comprising a medical grade amide compound for preventing occlusion in

accordance with embodiments of the present invention.
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Figure 5 is a flow diagram of an exemplary method for manufacturing a non-
stick medical tube comprising a medical grade amide compound in accordance with

embodiments of the present invention.
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Detailed Description of Embodiments

Certain embodiments of the invention will now be described in detail with

reference to the figures.

Figure 1 shows a conventional prior art medical tube 100 having an outer
surface 130 and an inner surface 110. After a clamping force 120 is applied to the
tubing, the inner surfaces 110 of the tube 100 contact each other and become stuck

together at occlusion 150.

The occlusion 150 can damage the tubing, requiring replacement and can
also cause possible patient harm. Uitimately, time is lost, cost increase and patient

safety is at risk with conventional medical tubing that can kink or stick together.

Embodiments of the present invention include a medical tube comprising a
medical grade amide compound that is added to the material prior to or during
extrusion to prevent lumen sticking and immediately opens up after a clamping force
is applied to the tube. Embodiments of the present invention are well suited for
preventing lumen occlusion after both short term and long term clamping. For
example, embodiments of the present invention can prevent line sticking after a
clamping force has been applied to a line for as long as 14 days. The non stick
medical tubing of the present invention is also well suited to be used as the pumping

section of a peristaltic pump.
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The tubing of the present invention is made in part from an amide compound
that prevents sticking of the inner surfaces of the tube after they contact each other
from clamping or kinking. Embodiments of the present invention are well suited to

prevent line sticking after clamping for up to 14 days.

Figure 2 shows an exemplary non-stick medical tube 200 comprising a
medical grade amide compound for preventing occlusion after a clamping force 250
has been applied to the tube in accordance with embodiments of the present

invention.

The amide compound serves as a release agent that promotes release of
contacting surfaces in the tube. For example, when clamping a tube, the opposing
surfaces of the inner passageway contact each other and form an occlusion that
blocks or reduces flow. With the non-stick medical tubing of the present invention,
after the clamp is released, the contacting surfaces release and the occlusion frees

and the tubing is restored to the original shape and function.

As opposed to the prior art medical tubing 100 of Figure 1, the tubing of the
present invention 200 does not stick and form an occlusion in the tube after the
clamping force 250 is removed from the outer surface 230 of the tube 200. Figure 2
shows the inner surface 21.0 of the tube 200 does not stick and the inner diameter

280 of the tubing is restored after the clamping force 250 is removed from the tube.
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It is appreciated that although a medical grade amide compound is described
as the release agent, other medical agents could be used. For example, any
medical grade compound that reduces sticking of the line lumens and that can be
integrated into the extrusion process could be used. One such compound is a

medical grade wax.

One example of a suitable amide compound that can be used in accordance
with the present invention is an amide fatty acid. An amide fatty acid is an
unsaturated long chain carboxylic acid amide and can be found in both food and
medical grade. One chemical formulation of an amide fatty acid in accordance with

the present invention is Cy,H43NO.

Embodiments of the present invention include adding plastic resin containing
an amide compound to the plastic resin used in tube extrusion. By mixing the amide
compound into the plastic prior to extrusion, the amide compound is present on the

inner tube surface and prevents lumen sticking and lumen occlusions.

In one embodiment of the invention, the base material for the tubing is
thermoplastic elastomer (TPE) resin. A secondary material comprising an amide
compound is added to the TPE prior to the extrusion process to reduce lumen

occlusion and kinking. In one embodiment, all materials of the tubing are formed
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into pellets prior to extrusion. In one embodiment, a single pellet comprises the

mixture of primary (TPE) and secondary (amide fatty acid) materials.

Figure 3 shows an exemplary system 300 for extruding a non-stick medical
tube comprising a medical grade amide compound for preventing occlusion in

accordance with embodiments of the present invention.

Resin A 302 and resin B 304 enter a hopper/mixer 306. In one embodiment,
resin A 302 is a thermoplastic elastomer (TPE) resin. In another embodiment, resin
A is a polyvinylchloride (PVC), polyurethane or any other plastic resin. In one
embodiment of the invention, the resin is delivered to hopper/mixer 306 in pellet
form. In one embodiment, resin A and resin B are both part of a homogeneous

pellet mixture where a single pellet comprises both resin A 302 and resin B 304.

Resin B 304 included an amide compound and in one embodiment, a carrier
compound. Since the amide compound may have different physical properties from
the resin A 302, a carrier compound can be mixed with the amide compound to
prevent problems during extrusion. The carrier compound aids in mixing of the
amide compound with the TPE or PVC. In one embodiment, the carrier compound
includes polypropylene, polyethylene,vor any other plastic resin. In one embodiment,
a specific ratio of amide compound to carrier compound is used to achieve a

predetermined amount of amide compound in the extruded tubing.
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In one embodiment, the percentage of weight of the amide compound can be
between .3% and 5% of the tube material after extrusion. In one embodiment, the
percentage of weight of the amide compound can be between 1% and 25% of resin

B 304.

Resin A 302 and resin B 304 are mixed in hopper 306. The amount of resin A
302 and resin B 304 that enter the hopper/mixer 306 is determined based on the
final desired concentration of the amide compound in the tubing. The final
concentration depends on the starting concentration of the amide compound in resin
B 304 as well as other factors. In one embodiment, a mixture of resin A and resin B
is provided in a single pellet whereby the hopper 306 receives a homogeneous
mixture of pellets that have both resin A and resin B in them. The ratio of resin A to

resin B can be modified to achieve different tube characteristics.

Once the desired mixture of resin A 302 and resin B 304 is determined and
provided to hopper/mixer 306, the mixture of resin A 302 and resin B 304 enters the
extruder 310. In one embodiment, altering configuration of the extruder 310 can

modify the final concentration of the amide compound in the tubing.

For example, altering the extrusion process can modify the concentration of
amide compound in the extruded tube. Some processes may facilitate heavier

concentration of the amide at different locations of the tube. For example, localized
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heating during the extrusion process can form higher concentrations of the amide

compound on the inner walls of the tube compared to the outer surface of the tube.

The non-stick medical tubing 200 of the present invention exits the extruder.
In one embodiment, subsequent operations may be performed on the tubing to
facilitate blooming of amide compound to the inner tube walls. Sterilization may also

be performed after extrusion.

The non-stick tubing of the present invention does not stick and immediately
opens up for fluid flow after short term and long term clamping. One example of
short term clamping is the action of a peristaltic pump. In a peristaltic pump, a line
segment (tube) is squeezed in a linear motion to create a pumping force. The
squeezing can cause lumen sticking. The non-stick medical tubing 200 of the

present invention is well suited to be used as the pump segment in a peristaltic

pump.

Figure 4 shows an exemplary peristaltic pump 402 with a non-stick medical
tube 200 comprising a medical grade amide compound for preventing occlusion in
accordance with embodiments of the present invention. In conventional peristaltic
pumps, a separate pump line segment is used to prevent line occlusion. With the
non-stick medical tubing of the present invention, a separate line segment is not
needed and the non-stick medical tube of the present invention can be used as the

pumping segment.

10
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Figure 5 is a flow diagram of an exemplary method 500 for manufacturing a
non-stick medical tube comprising a medical grade amide compound in accordance

with embodiments of the present invention.

At 502, method 500 includes providing a first plastic resin to a tubing
extrusion device. In one embodiment, the first resin includes a TPE resin or a PVC

resin.

At 504, method 500 includes providing a second plastic resin to the tubing
extrusion device, the second plastic resin comprising a medical grade amide
compound and in one embodiment, a carrier compound. In one embodiment, the
carrier compound includes polypropylene, polyethylene, or any other plastic resin.
In one embodiment, the percentage of weight of the amide compound can be

between 1% and 25% of the second resin.

At 530, method 500 includes mixing the first plastic resin with the second
plastic resin. In one embodiment, the percentage of weight of the amide compound
can be between .1% and 5% of the mixture. In one embodiment, the first and
second plastic resins are mixed and formed into pellet form so that both the first and

second plastics are in a single pellet.

11
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At 540, method 500 includes extruding the resin mixture such that the medical
grade amide compound is present on an inner surface of the medical tube after
extrusion to promote release of contacting surfaces of the inner surface of the

medical tubing after contact.

CONCLUSION

Thus, those of skill in the art will appreciate that the non-stick medical tube of
the present invention reduces lumen occlusion, improves patient safety and reduces

costs.

One skilled in the art will appreciate that the non-stick medical tubing may be
adapted to carry out the objects and obtain the ends and advantages mentioned, as
well as those inherent therein. The methods, procedures, and devices described
herein are presently representative of embodiments and are exemplary and are not
intended as limitations on the scope of the invention. Changes therein and other
uses will occur to those skilled in the art which are encompassed within the spirit of

the invention and are defined by the scope of the disclosure.

It will be apparent to one skilled in the art that varying substitutions and

modifications may be made to the invention disclosed herein without departing from

the scope and spirit of the invention.

12
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Those skilled in the art recognize that the aspects and embodiments of the
invention set forth herein may be practiced separate from each other or in
conjunction with each other. Therefore, combinations of separate embodiments are

within the scope of the invention as disclosed herein.

The invention illustratively described herein suitably may be practiced in the
absence of any element or elements, limitation or limitations which are not
specifically disclosed herein. ‘Thus, for example, in each instance herein any of the
terms “comprising”, “consisting essentially of’ and “consisting of’ may be replaced
with either of the other two terms. The terms and expressions which have been
employed are used as terms of description and not of limitation, and there is no
intention that in the use of such terms and expressions indicates the exclusion of
equivalents of the features shown and described or portions thereof. It is recognized
that various modifications are possible within the scope of the invention disclosed.
Thus, it should be understood that although the present invention has been
specifically disclosed by embodiments and optional features, modification and
variation of the concepts herein disclosed may be resortéd to by those skilled in the
art, and that such modifications and variations are considered to be within the scope

of this invention as defined by the disclosure.

All elements, parts and steps described herein are preferably included. It is to

be understood that any of these elements, parts and steps may be replaced by other

13
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elements, parts and steps or deleted altogether as will be obvious to those skilled in

the art.

14
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CONCEPTS
This writing has disclosed at least the following concepts.

Concept 1. A method for manufacturing a non stick medical tube comprising:
providing a first plastic resin to a tubing extrusion device;
providing a second plastic resin to said tubing extrusion device,

said second plastic resin comprising a medical gradé amide compound;
mixing said first plastic resin with said second plastic resin;

extruding the resin mixture such that said medical grade amide compound is
present on an inner surface of said medical tube after extrusion to promote release

of contacting surfaces of said inner surface of said medical tubing after contact.
Concept 2. The method of Concept 1 wherein said mixing is configured such
that said medical grade amide compound is between .3% and 5% of said medical

tubing.

Concept 3. The method of Concept 1 wherein said first plastic resin is a

thermoplastic elastomer resin.

Concept 4. The method of Concept 1 wherein said first plastic resin is a Poly

Viny! Chloride (PVC) resin.

Concept 5. The method of Concept 1 wherein said medical grade amide

compound comprises an amide fatty acid.

15
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Concept 6. The method of Concept 1 wherein said medical grade amide

compound comprises medical grade wax.

Concept 7. The method of Concept 1 wherein said carrier compound

comprises polypropylene. .

Concept 8. The method of Concept 1 wherein said carrier compound

comprises polyethylene. .

Concept 9. The method of Concept 1 wherein said medical grade amide

compound comprises between 10% and 25% of said second plastic resin.

Concept 10. The method of Concept 1 wherein said extruding comprises:
heating a portion of said tubing to facilitate migration of said

medical grade amide compound to an inner portion of said medical tubing such that

more said medical grade amide compound is located on the inner surface of the

tubing than an outer surface of the tubing.

Concept 11. A non-stick medical tubing comprising:
a plastic resin mixture including a first plastic resin component and
a second plastic resin component, said second plastic resin comprising a medical

grade amide compound, said plastic resin mixture extruded by an extruding

16
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apparatus such that said medical grade amide compound is present on an inner
surface of said medical tube after extrusion to promote release of contacting

surfaces of said inner surface of said medical tubing after contact.

Concept 12. The non-stick medical tubing of Concept 10 wherein said medical

grade amide compound is between .3% and 5% of the medical tubing.

Concept 13. The non-stick medical tubing of Concept 10 wherein said first

plastic resin is a thermoplastic elastomer resin.

Concept 14. The non-stick medical tubing of Concept 10 wherein said first

plastic resin is a Poly Vinyl Chloride (PVC) resin.

Concept 15. The non-stick medical tubing of Concept 10 wherein said medical

grade amide compound comprises erucamide.

Concept 16. The non-stick medical tubing of Concept 10 wherein said medical

grade amide compound comprises medical grade wax.

Concept 17. The non-stick medical tubing of Concept 10 wherein said carrier

compound comprises polypropylene. .

17
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Concept 18. The non-stick medical tubing of Concept 10 wherein said carrier

compound comprises polyethylene.

Concept 19. The non-stick medical tubing of Concept 10 wherein said medical

grade amide compound comprises between 10% and 25% of said second plastic

resin.

Concept 20. The non-stick medical tubing of Concept 10 wherein said non-stick

medical tubing is used in a peristaltic pump as a pumping segment.

18
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WHAT IS CLAIMED 1S:

1. A method for manufacturing a non stick medical tube comprising:

providing a first plastic resin to a tubing extrusion device;

providing a second plastic resin to said tubing extrusion device, said second
plastic resin comprising a medical grade amide compound;

mixing said first plastic resin with said second plastic resin;

extruding the resin mixture such that said medical grade amide compound is
present on an inner surface of said medical tube after extrusion to promote release

of contacting surfaces of said inner surface of said medical tubing after contact.

2. The method of Claim 1 wherein said mixing is configured such that said

medical grade amide compound is between .3% and 5% of said medical tubing.

3. The method of Claim 1 wherein said first plastic resin is a thermoplastic

elastomer resin.

4, The method of Claim 1 wherein said first plastic resin is a Poly Vinyl Chloride
(PVC) resin.
5. The method of Claim 1 wherein said medical grade amide compound

comprises an amide fatty acid.

19
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6. The method of Claim 1 wherein said medical grade amide compound

comprises medical grade wax.

7. The method of Claim 1 wherein said carrier compound comprises

polypropylene. .

8. The method of Claim 1 wherein said carrier compound comprises

polyethylene. .

9. The method of Claim 1 wherein said medical grade amide compound

comprises between 10% and 25% of said second plastic resin.

10.  The method of Claim 1 wherein said extruding comprises:

heating a portion of said tubing to facilitate migration of said medical grade
amide compound to an inner portion of said medical tubing such that more said
medical grade amide compound is located on the inner surface of the tubing than an

outer surface of the tubing.

11. A non-stick medical tubing comprising:

a plastic resin mixture including a first plastic resin component and a second
plastic resin component, said second plastic resin comprising a medical grade amide
compound, said plastic resin mixture extruded by an extruding apparatus such that

said medical grade amide compound is present on an inner surface of said medical

20
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tube after extrusion to promote release of contacting surfaces of said inner surface

of said medical tubing after contact.

12.  The non-stick medical tubing of Claim 10 wherein said medical grade amide

compound is between .3% and 5% of the medical tubing.

13.  The non-stick medical tubing of Claim 10 wherein said first plastic resin is a

thermoplastic elastomer resin.

14.  The non-stick medical tubing of Claim 10 wherein said first plastic resin is a

Poly Vinyl Chloride (PVC) resin.

15.  The non-stick medical tubing of Claim 10 wherein said medical grade amide

compound comprises erucamide.

16.  The non-stick medical tubing of Claim 10 wherein said medical grade amide

compound comprises medical grade wax.

17.  The non-stick medical tubing of Claim 10 wherein said carrier compound

comprises polypropylene. .

18.  The non-stick medical tubing of Claim 10 wherein said carrier compound

comprises polyethylene. .

21
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19.  The non-stick medical tubing of Claim 10 wherein said medical grade amide

compound comprises between 10% and 25% of said second plastic resin.

20.  The non-stick medical tubing of Claim 10 wherein said non-stick medical

tubing is used in a peristaltic pump as a pumping segment.

22
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