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This invention relates to a method for fabricating medical tubing and more
particularly to a process for improving medical pump tubing performance by
irradiating the tubing and optionally by also orienting the tubing.
Background of the Invention in the medical field, where beneficial agents
are collected, processed and stored in containers, transported and
ultimately delivered through tubes by infusion to patients, there has been
a recent trend toward developing materials useful for fabricating such
containers and tubing without the disadvantages of currently used materials
such as polyvinyl chloride. These new materials for tubing must have a
unique combination of properties, so that the tubing may be used in fluid
administration sets and with medical infusion pumps. Among these properties
are the materials must be optically clear, environmentally compatible, have
sufficient yield strength, elasticity and flexibility, have a minimum
quantity of low molecular weight additives and other extractables, and be
compatible with medical solutions. It is desirable for medical tubing to be
optically transparent to allow , for visual inspection of fluids in the
tubing. It is also desirable for the tubing to be optically and
ultrasonically transparent as it increases the compatability of the   ~- 9
AP R 2003 2 tubing with medical infusion pumps. Medical infusion pumps are
equipped with ultrasonic sensors for detecting abnormal conditions in the
tubing such as air bubbles. It is also a requirement that the tubing be
environmentally compatible as a great deal of medical tubing is disposed of
in landfills and through incineration. For tubing disposed of in landfills,
it is desirable to use as little material as possible to fabricate the
tubing. Further benefits are realized by using a material which is
thermoplastically recyclable so that scrap generated during manufacturing
may be incorporated into virgin material and refabricated into other useful
articles. For tubing that is disposed of by incineration, it is necessary
to use a material that does not generate or minimizes the formation of
by-products such as inorganic acids which may be environmentally harmful,
irritating, and corrosive. For example, PVC may generate objectionable
amounts of hydrogen chloride {ar hydrochloric acid when contacted with
water) upon incineration. To be compatible with medical solutions, it is
desirable that the tubing material be free from or have a minimal content
of low molecular weight additives such as plasticizers, stabilizers and the
like. These components could be extracted by the therapeutic solutions that
come into contact with the material. The additives may react with the
therapeutic agents or otherwise render the solution ineffective. This is
especially troublesome in bio-tech drug formulations where the
concentration of the drug is measured in parts per million {ppm), rather
than in weight or volume percentages. Even minuscule losses of the bio-tech
drug can render the formulation unusable. Because bio-tech formulations can
cost several thousand dollars per dose, it is imperative that the tubing
material be inert, Polyvinyl chloride ("PVC") has been widely used to
fabricate medical tubing as it meets most of these requirements. PVC tubing
is optically clear to allow for visual inspection of the fluid flowing
through it. PVC tubing has proven to work well in pump administration sets.
PVC medical tubing also has desirable   - 9 APR Z003 3 stress-strain
characteristics so that the material may be stretched to a certain degree
along a longitudinal axis of the tubing without causing a significant
permanent reduction in the diameter of the tubing. In other words, PVC
tubing resists necking. PVC medical tubing also has favorable surface
characteristics to allow for controlling the flow rate of fluid through the
tubing using slide clamps which operate by crimping the sidewall of the
tubing to stop or reduce the flow of fluid through the tubing. The slide
clamp may be used without causing scoring or cutting of the tubing. Because
PVC by itself is a rigid polymer, low molecular weight components known as
plasticizers must be added to render PVC flexible. As set forth above, in
some instances these plasticizers maybe extracted out of the tubing by
fluid passing through the tubing. For this reason, and because of the
difficulties encountered in incinerating and recycling PVC , there is a
desire to replace PVC medical tubing. Polyolefins and polyolefin alloys
have been developed which meet many of the requirements of medical
containers and tubing, without the disadvantages associated with PVC.
Polyolefins typically are compatible with medical applications because they
have minimal extraetability to fluids. Most polyolefins are environmentally
sound as they do not generate harmful degradants upon incineration, and in
mast cases are capable of being thermoplastieaily recycled. Many
polyolefins are cost effective materials that may provide an economic
alternative to PVC. However, there are many hurdles to overcome to replace
a11 the favorable attributes of PVC with a polyolefin. For example,
problems have been encountered in using certain 



polyolefins to fabricate medical tubing. Such tubing has been found to have
poor surface characteristics so that it is readily susceptible to cutting,
shredding or scoring when clamping the tubing using a slide clamp. Certain
polyolefin tubing also presents difficulties during use in pump pressurized
administration sets where the pump controls the flow rate of fluid through
the tubing by consecutively   -9 APR Q003 4 impinging upon the sidewalls of
the tubing to deliver a precise amount of fluid aver a given time period.
., Pumps that are used to infuse beneficial agents to patients typically
have various sensors to detect such conditions as hack pressure of fluid in
the tubing, and air bubbles in the fluid stream. The sensors deactivate the
pump upon detecting an unacceptable back pressure or an air bubble. The
sensors usually have a sensor body in which a segment of the tubing of the
administration set is secured in place. It has been found that there is a
tendency for the polyolefin tubing to deform when placed in the sensor body
due to resistance with side walls of the sensor housing. 'This deformation
in some cases leads the detectors to indicate an abnormal condition and to
inappropriately deactivate the infusion pump. Further, certain polyolefin
tubing has been found to have low yield strength. Because there is a direct
relationship between yield strength and modules, it is very difficult to
increase the yield strength without increasing at the same time the modules
of the material. In poloylefin materials, the modules is primarily
dependent on crystallinity. In PVC materials, the modules is primarily
dependent on the amount of plasticizes added. When the modules of the
polyolefin material is selected to match that of the plasticized PVC, the
polyolefin material's yield strength becomes significantly reduced, and the
resulting tubing has too low a yield strength to resists potentially
external pulling forces that can result in necking of the tubing.
Conversely, when the yield strength is matched with PVC the resultant
modules is too high to function with pumps. Polyolefin tubing exhibiting
low yield strengths are readily susceptible to a phenomenon which is
referred to as necking. Necking is a localized reduction in the diameter of
the tubing that occurs upon stretching the tubing under moderate strain
along the longitudinal axis of the tubing. Necking can cause a reduction in
the flow of fluid through the tubing thereby rendering the tubing
ineffective.   -9 ASR Q003 5 Applicants have found that it is possible to
increase the tubing's resistance to necking by pre-orienting the tubing
along the longitudinal axis of the tubing. However, the orientation process
may lead to dimensional instability. In particular, oriented polyoiefin
tubing experiences a phenomenon known as heat recovery, which is sometimes
referred as the "memory effect." Heat recovery is a complicated phenomenon
that occurs when oriented tubing is heated above the temperature reached
during the orientation process. When this occurs the tubing loses its
orientation causing shrinking and dimensional changes of the tubing. In
addition, Applicants have found that most medical tubings undergo some
permanent deformation when subjected to the long term {24 hours),
repetitive, cyclic stresses introduced by pumping mechanisms such as
Baxter's FLO-GARD 6000 Series pumps. Over this long term use, the
deformation causes a variance in the solution delivery rate from the
initial rate. This is especially true for polyolefin tubing with !ow
crystallinity. Polyolefin tubing have also been shown to have poor thermal
stability during storage, transportation, and end applications. The poor
thermal stability of polyolefin tubing can lead to changes in the desired
dimensions and shape. These dimensional and shape changes can possibly
adversely affect the accuracy of fluid volume delivery. It can also lead to
shape changes that can render the tubing incompatible or difficult to use
with pumps. One such problem occurs when tubing, which is frequently stored
and shipped in a coiled state, becomes set in that coiled shape. Such
coiled tubing is difficult to use as it has the tendency to return to a
coiled shape. One method of improving the thermal stability ofnon-PVC,
polyoiefin materials was contemplated in U.S. Patent No. 4,4G5,487 issued
to Nakamura et al. and assigned to Terumo Kabushiki Kaisha ofJapan
("Nakamura"). Nakamura relates to a container for medical use produced from
a polyolefin material. More particularly, Nakarnura relates to a medical
container produced from an ethylenevinyl acetate {EVA) copolymer containing
10 to 3 S weight percent of vinyl acetate   -~ APR ZQO~ 6 crass-linked
using an electron beam supplied at 50 to 200 keys to achieve an EVA
copolymer having a gel content of 50% or more. (Col. 3, lines 40-46). The
material is cross-linked so that the container can withstand temperatures
reached , during steam sterilization. However, the resulting high gel
content of the material caused by a high dose of radiation renders the
material a thermoset by nature, and thus, the material of the Nakamura
container may not be recyclable by conventional means. Others have provided
non-PVC multilayered tubings. For example U.S. Patent No. S,562,127
discloses a chlorine-free multilayered tubing material having an inner
thermoplastic layer having a Young's modulus from about 2 to about 60 MPa
and an outer layer having a Young's modulus of equal to up to about seven
times the Young's modulus of the inner layer. (Col. 2, line 33-col. 3, line
8). The outer layer reportedly provides toughness and abrasion resistance.
(Col. 2, Iines 62-64). However, without special processing conditions the
tubing i5 likely to be too stiff to be compatible with medical infusion
pumps such as Baxter's FLO-GARD. Therefore, the need exists for medical
tubing produced from a 



polyolefin material having a thermoplastic nature and the desirable
characteristics of PVC materials without the elution of plasticizers   - 9
APB 2003 The present Invention provides a method for preparing a medical
tubing for use with a pump to administer measured amounts of a beneficial
fluid over time to a patient comprising fhe steps of: providing a tubing
having a first layer selected from the group consisting of ethylene
homopolyniers and ethylene copolymers, wherein the copolymers of ethylene
are an ethylene monomer copolymerized with , at Ieast one monomer selected
from the group consisting of lower alkyl olefins, lover alkyl esters of a
carboxylic acid and lower alkene esters ~ a carboxylic acid, the lower
alkyl and lower alkene each have from 3-I g carbons, or blends thereof;
improving fluid delivery accuracy over time of the tubing by exposing the
tubing to a sterilization dosage of radiation of from about i5 to about 45
keys and incluamg dicumyl peroxide as a radiation sensitive - additive to
the tubing; and pumping fluid through the tubing with the pump. The presenf
invention also provides a method for preparing medical tubing for use with
a pump to adminfsfer measureu amounts of a beneficial fluid over time to a
patient comprising The steps of providing a mulfilaysred Tubing having a
first Layer and a second Payer, the first layer of an ethylene monomer
copolymerized -with at least vne monomer ,selected from The group
consisting of lower alkyl esters of a cafioxvlic acid and Power alkene
esters of a carboxylic acrd, Use lower alkyl and the tower alkene each have
from 3-10 carbons, The second layer of homopolyrners and copolymers of
alpha olefins) the second layer being disposed concentrically within the
first Layer and having a modulus of elasticity greater than a modulus of
elasticity of the hrsf layer; improving fluid delivery accuracy over time
of the tubing by exposing The tubing to a sterilization dosage of radiation
of from about 15 to 45 keys; and pumping fluid through the tubing with the
pump. The presenf invention further provides a fluid delivery system for
administering measured amounts of a beneficial #luid over Time _ to a
patient comprising:   - 9 APR 2003 7a a tubing Laving a sidewall with a
first layer selected brow the group consisting of ethylene l~omopolymers
and ethylene copol3rme~s_, wherein the ethylene oopqlytriers are ethylene
copolymerized with a monomer selected from the group consisting of lower
alkyl oleCns Laying from 3-10 carbons, lower alkyl esters -of a carboxylic
acid, the lower alkylhaving from 3-.lE? carbons, and lower alkene esters of
a carboxylic acid, the lower alkene having frow. 3-I4.carbons, the sidewall
ha~u~ a melt flow index of less than 5.0 ~11~ minutes arid ~e tubing
further comflrisinct a second layer conc_entricat(y disposed within the
first lever: and wherein a sterilization dosage of from about 15 to about
45kGvs has been transmitted to~ the tubing to Improve fluid delirrery
accuracy of~fhe tubing. Furfhermore, the present invention t~rovides a
fluid delivery system for administering measured amounts of a beneficial
fluid over time to a patient comprising: a tubing _ having a ~r-st Iayer
setec~ted firom the group consisting bf e#bylene homopolymers and ethylene
copolymers) wherein the copolymers of ethylene are as ethylene monomer
copalyiuerized wrath at Ieast one.monvrner selocted from the group
consisting of.Iower aryl olefins Laltipg from.3 ~#o. T8 carboins, lower
alkyl esters of a carboxylic acid, the lower aikvl i~avin~ froriW . to I8
carbons, and lower alkene esters of a carboxylic arid, the lower alkene _
having from 3 to 18 carbons , and the tubing further comprising a
secondIaYer concentrically disposed within the first layer. the second
layer having a moduius of elasticihr greater than a modnlus of elasticity
of the tr_rst layer_ a pomp coupled to the tubing, and wherein a ste
'rtli~tion dosage o~ radiation of from shout IS keys Go about 45 keys has
been transmitted to the tubing, and the tubing is .fornied by an.extrusion
process ~by au~ extruder, anc! wherein t#ie tubing is cooled to a solid
state to .define an Initial tliameteir ,and (then the tubiu~ !s stretched
in a direcxion aloe a longitndiuat axis of the tabing to de~e ~n-ori~xnted
diameter-that ii; less than rue lnititit diameter.   -9 APR 200 



7b In addition, the present invention provides a mefhod of manufacturing
tubing for use with a pump for administering measured amount of a
beneficial guid over time to a patient, the method comprising the steps of:
providing a polymeric material selected ftom the group consisting of
ethylene homopolymers and ethylene- copolymers, vsiherein the copolymers of
ethylene are an _ ethylene monomer copolymerized with a monomer selected
from the group consisting of Iowe~c alkyl olefins having from 3 to about !8
carbons, lower alkyl esters of a carboxylic acid, the Iower alkyl having
from 3 to~ 1$ carbons, and lower alkene esters of a carboxylic acid; the
lower all~ene haying from 3 to I8-carbons, tf~e polymeric material having a
melt flow inde~c of less than about 5.4.g1 i0 minutes; extruding the
polymeric material into a tubing having a first layer and a second !aver
concentrically disposed within the first layer. with an extruder; cooling
the tubing exiting the extruder to a solid phase to defu~.e au initial
diameter; stretcliing the tubing in a solid pliase to define an oriented
diameter that is less than the initial diameter; and improving fluid
delivery accuracy over time of the tubing by exposing the tubing to a
sterilization of radiation of firom about 15 to about d5 keys.   - 9 AP R
2003 s The present invention furtherprovides a monolayer tubing of ethylene
vinyl acetate copolymer that is exposed to sterilization dosages of
radiation to increase pump performance. The present invention also provides
a multilayered tubing. In a preferred form the tubing has an outer layer of
ethylene vinyl acetate and an inner layer of homopolymers and copolymers
ofalpha-olefins. Preferably, the modules of elasticity of the EVA is less
than the material of the inner layer. The multilayered tubing can also have
greater than two layers such as three layers. The multilayered tubings will
have an outer layer, a core layer and an inner layer. In a preferred form
the outer layer is softer than or has a modules of elasticity less than
that of the inner layer.   -9 APR 20D3 9 Brief Description of the Drawings
Fig. i is an enlarged cross-sectional view of a monolayer medical tubing of
the present invention; Fig. 2 is an enlarged cross-sectional view of a
mufti-layered tubing of the invention; Fig. 2a is an enlarged
cross-sectional view of a mufti-layered tubing of the invention; Fig. 3 is
a schematic representation of a method for forming, orienting 



and heat setting medical tubing; Fig. 3a is a plan view of a serpentine
pattern that tubing may follow through a heating or cooling bath of the
process shown in Figure 3; Fig. 3b is a schematic representation of a
method for forming, dry orienting and heat setting medical tubing; Fig. 4
is a schematic of a method of pumping fluid through polymeric tubing; Fig.
5 is a cross sectional view of a polymeric tubing during an up stroke in a
pumping operation; Fig. Sa is a cross-sectional view of a polymeric tubing
during a down stroke in a pumping operation; Fig. Sb is a cross-sectional
view of a polymeric tubing prior to multiple compressions by a pump; Fig.
Sc is a cross-sectional view of a polymeric tubing after multiple
compressions with a pump; Fig. 6 is a graphical representation of the
relationship between pump accuracy and cobalt-60 gamma radiation dosage;
and Fig. 7a is a graphical representation of the relationship between pump
accuracy and electron beam radiation dosage. Fig. 7b is a graphical
representation of the relationship between pump accuracy and gamma
radiation dosage.   -9 APR ~~~13 10 Fig. 8a is a graphical representation
of the correlation between modulus of elasticity and yield strength with
varying electron beam radiation dosages. Fig. Sb is a graphical
representation of the correlation between tnodulus of elasticity and yield
strength with varying gamma radiation dosages.   - 9 APR 2003 II Detailed
Description 



While the invention is susceptible of embodiment in many different forms,
there is shown in the drawings and will herein be described in detail
preferred embodiments of the invention with the understanding that the
present disclosure is to be considered as an exemplification of the
principles of the invention and is not intended to limit the broad aspect
of the invention to the embodiments illustrated. I. Radiation Modified
Polymeric Medical Tubing Figure I shows tubing structure 10 having a
sidewall 12. Preferably the tubing sidewall is fabricated from a polymeric
material of an ethylene copolymerized with comonomers selected from the
group consisting of lower alkyl olefins, and lower alkyl and lower alkene
substituted carboxylic acids and ester and anhydride derivatives thereof.
Preferably, the carboxlic acids have from 3-I 0 carbons. Such carboxylic
acids therefore include acetic acid, acrylic acid and butyric acid. The
term "lower alkene" and "lower alkyl" is meant to include a carbon chain
having from 3-18 carbons more preferably 3-10 and most preferably 3-8
carbons. Preferably, the tubing is an ethylene and vinyl acetate copolymers
having a vinyl acetate content of less than about 36% by weight, more
preferably less than about 33% by weight and most preferably less than or
equal to about 28% by weight. It is also preferred that the EVA have a high
molecular weight and a melt flow index as measured by ASTM D-I238 of Less
than 5.0 g/10 minutes, more preferably less than about 1.0 g/10 minutes and
most preferably Iess thaci 0.8 g110 minutes or any range or combination of
ranges therein. It may also be desirable to blend into the tubing material
certain amounts of a blending resin of a polyolefin and more particularly
homopoIymers and copolymers of alpha-olefins. These additives may be
blended into the tubing material in an amount from S% to about 95% by
weight of the tubing material. The alpha-olef ns may contain from 2 to
about 20 carbon atoms or any range or combination of ranges therein.
Alpha-olefins containing from 2 to about 10   - 9 APR 2M13 12 carbon atoms
are more preferred. Thus, the olefin polymers rnay be derived fxom olefins
such as ethylene, propylene, 1-butene, 1-pentene, 4-methyl-1-pentene,
Ioctene, I-decene, 4-ethyl-1-hexene, etc., or mixtures of two or more of
these olefins. Examples of particularly useful olefin polymers include
ethylene-butene copolymers and ethylene and propylene copolymers and
ethylene and octene-I copolymers which will be referred to as ultra-low
densitypolyethylenes (ULDPE). Such ULDPE's have a density of preferably
equal to or below i.910 glcm3 and preferably are produced using metallocene
catalyst systems. Such catalysts are said to he "single site" catalysts
because they have a single, sterically and electronically equivalent
catalyst position as opposed to the Ziegler-Natta type catalysts which are
known to have multiple catalysts sites. Such metallocene catalyzed ethylene
a-olefins are sold by Dow under the tradename AFFINITY and by Dupont-Dow
under the trade name ENGAGE, and by Exxon under the tradename EXACT. It may
be desirable to add a radiation sensitive additive to the tubing material
that is responsive to exposure to radiation such as gamma rays, electron
beam, ultra-violet light, visible light or other ionizing energy sources.
Suitable radiation sensitive additives include organic peroxides such as
dicumyl peroxide (DiCup) and other free radical generating compounds. Other
free-radical sensitive functional groups include acrylate, acid, dimes and
their copolymers and terpolmyers, amide, amine, silane, urethane, hydroyxl,
epoxy, ester, pyrolidone, acetate, carbon monoxide, ketone, imidazoline,
photo and W initiators, fluorocompounds, etc. These functional groups may
he in polymeric and non-polymeric compounds. More particularly suitable
additives include ethylene vinyl acetate, ethylene methyl acrylate (EMA),
ethylene acrylic acid (EAA), fatty amides, low viscosity functionalized and
non-functionalized styrene-butadiene copolymers and their hydrogenated
derivatives, functionaiized and non-functionalized polybutadiene,
polyisoprene, ethylene propylene dime monomer terpolymer, poiybutene,
urethane acrylate, epoxy acrylate, photoinitiators, etc. Even more   -~ 9
APR 20A3 13 particularly the additives include low viscosity functionalized
ultra-low density polyethylene, functionalized with epoxys, carboxylic
acids and their ester and anhydride derivatives, A-C polymers by Allied
Signal, SRICN and Esacure products from Sartomer, functionalized fatty
products from Akzo Nobel and Henkel, photoinitiators from Ciba-Geigy,
fluoro compounds from 3 M, EVA from DuPont, EAA from Dow Chemical and EMA
from Chevron and 1,2-syndiotactic polybutadiene from Japan Synthetic Rubber
Co. The ethylene-propylene terpolymers have a third component of a chain
nonconjugated diolef n e.g. 1,4pentadiene, 1,4-hexadiene, 1,5-hexadiene or
a cyclic polyene e.g dicyclopentadiene, methylenenorbornene,
ethylidenenorbornene, cyclooctadiene, methyltetrahydroindene, etc. These
types of additives shall be referred to as EPDM. Suitable EPDM's are sold
under the tradenames NORDEL (Dupont Chemical Company), VISTALON (Exxon},
ICELTAN {Dutch State Mines), JSR {Japan Synthetic Rubber) and EPDM from
Mitsui Chemical Company. The radiation sensitive additives should be added
to the tubing material in effective amounts preferably in an amount by
weight of the monolayer or outer layer from 0.01-20.0%, more preferably
from 0.01-10.0% and most preferably 0.02-5.0%. Optionally, the tubing
material may be further modified by incorporating polar additives to
enhance their compatibility with adhesives such as cyanoacrylate type
adhesives and improve other surface characteristics such as friction
(lubrication}. The polar additives preferably are selected from a
nonpolyrneric aliphatic or aromatic hydrocarbon having greater than 5
carbon atoms but less than 500, more preferably less than 200 carbons and
most preferably less than 100 carbons in the backbone. Further, the
additives should have electron negative groups selected from the group of
amines; amides; hydroxyls; acids; acetate, ammonium salts; organometallic
compounds such as metal alcoholates, metal carboxylates, and metal
complexes of numerous 1,3 dicarbonyl compounds;   -~ ~J AP R 2QQ3 14 phenyl
phosphines; pyridines; pyrrolidones; imidazoline, and oxazolines. The
modification additive can also be a polymer emulsion or solution. The polar
additives should be included in an amount by weight of the tubing material
from about 0.001 %-10.00%, more preferably 0.0I -2.0%. Figure 2a shows a
multilayered tubing having outer layer 12, inner layer I4 and a core layer
i S. In a preferred form, the outer layer 12 and the core layer 15 are
constructed of the same material and additives as set forth above for the
tubing materials. The outer and core layers 12 and I 5 do not have to be of
the same material as one another. Preferably the inner layer 14 or solution
contact layer is selected from homopolymers and copolymers of alpha
olefins. More preferably the inner layer 14 polyolefin is an ethylene
copolymer with alpha olefins having from 3-18 carbons and more preferably
from 4 to 8 carbons and most preferably is a LJLDPE. Preferably, the inner
layer has a minimum amount of components that are capable of migrating into
a solution passing through the tubing 10. Also, the outer layer I2 should
have a modulus of elasticity of less than the inner layer I4. In a
preferred form, the core layer 15 will be the thickest layer and constitute
from 55-99%, more preferably from 75-99% and most preferably from 90-98% of
the total wall thickness or any range or combination of ranges therein. In
a two-layered cubing structure shown in Figure Z, preferably the outer
layer I2 should be thicker than the inner layer 14. Preferably the inner
layer will have a thickness in the range of 1-40%, more preferably from
I-25% and most preferably from 2-10% of the total wall thickness or any
range or combination of ranges therein. II. Method of Blending The
components of the polymer blends should be blended through molten mixing,
physical blending such as tumble blending, or other means such as reactive
extrusion.   



9 APR 2003 1S III. Method of Fabricating Medical Tubing The medical tubings
10 of the present invention should have an inner diameter dimension within
the range of 0.003-0.4 inches, and an outer diameter dimension within the
range of 0.12-0.50 inches. More particularly, medical tubing for use in the
administration of fluid using a medical infusion pump, such as Baxter
infusion pump sold under the tradename FLO-CARD, and COLLEAGUE, have an
inner diameter within the range of 0.099-0. I OS inches, an outer diameter
within the range of 0.134-0.145 itches, a.nd a wall thickness within the
range of 0.018-0.021 inches. The tubing should be flexible having a modulus
of elasticity of less than S0,000 psi, more preferably less than 30,000,
even more preferably less than 10,000 and most preferably less than 4,000
psi, or any range or combination of ranges therein. IV. Method of Heat
Setting and Orienting the Tubing Optionally, it may also desirable for the
tubing 10 to be oriented along its longitudinal axis and set in this
dimension using heat. This orientation step increases the yield strength of
the tubing in the longitudinal direction thereby reducing the tendency for
the tubing to neck during use. In effect, pre-orienting of the tubing
increases the resistance to further necking. Preferably, the tubing 10
should be oriented so that the initial inner and outer diameters of the
tubing are anywhere from 10%-300% greater than the diameter of the tubing
10 after orienting and more preferably from 20%-120% and most preferably
from 30%100%. These ranges further include all combinations and
subcombinations of ranges therein. The ratio of the beginning diameter to
the diameter after orienting shall be referred to as the orientation ratio.
The orientation process may be a wet orientation process or a dry one as
set forth below. Figure 3 shows a schematic representation 30 of the method
of orienting the tubing 10 in a wet orientation process. The method of wet
orienting includes the steps of providing a tubing 10, and orienting the
tubing i0 along its longitudinal axis so that the tubing 10 has a desired
inner and outer diameter, as   16 specified above in Section III, and
orientation ratio. It is believed that the orienting step aligns the
molecules of the tubing along the longitudinal axis to increase the
resistance to necking upon subsequent longitudinal stressings. The tubing
10 is then heat set to reduce shrinkage of the tubing and to fix the tubing
in the oriented dimension. The tubing 10 (which may be a single layered or
multilayered) is pulled in a direction indicated by arrows 34 along a
continuous path that may be referred to as a line. The term "up-line" shall
refer to locations along the line in a direction opposite the direction to
the flow of the tubing 32. Conversely, the term "down-line" shall refer to
locations in the direction of the flow of the tubing. By using the term
"line" it should not be thought that the method must be carried out in a
straight line, rather it should be taken to mean that the method is carried
out in a sequence of consecutive steps. As shown in Figure 3, tubing 10 is
formed with an extruder 36. The tubing 32 exiting the extruder 36
preferably has an outer diameter dimension that will be from 10%-300%
greater than after orienting and more preferably from 20%-120%, and most
preferably from 30%-100% greater. The tubing 10 is pulled from the extruder
36 with a first puller 37, a second puller 38, a third puller 39, and a
fourth pulley 40. The diameter of the tubing at the first pulley 37, when
the tubing is in a solid state, shall be referred to as the initial
diameter. The pulleys 37, 38, 39 and 40 may have a silicone or rubber
coating to increase the coefficient of friction with the tubing 32. The
second and third pulleys 38 and 39 may have a plurality of axially spaced
and circumferentially extending grooves to accommodate more than one set of
tubing 32 on a surface of the pulleys 38 and 39 at a time. After exiting
the extruder 36, the tubing 32) which is in a molten or semi-molten phase,
passes through a first cooling bath 41 where the cubing 32 is cooled with
air or a liquid. Preferably, the first cooling bath 41 is a water bath at
- 9 APR 2U03 17 a temperature within the range of 4 C-45 C. The tubing
should be converted to a solid phase in the cooling bath 41. After exiting
the first cooling bath 41 the tubing 10 extends between the first and
second pullers 37 and 38 where the tubing 10 is oriented by operating the
second puller 38 at a greater rate of speed than the first puIler 37 to
achieve the desired orientation ratio. It is believed that orienting the
tubing while in the solid state is more effective in achieving an oriented
tubing than by stretching the tubing immediately after exiting the extruder
36 or as it is passes through the first cooling bath 4i white the tubing is
in a molten or semi-molten phase. This section of the line will be referred
to as the orienting section 42. Preferably the second puller 38 is operated
at a rate within the range of about 4-10 times faster than the f rst puller
37. By controlling the relative speeds of the first and second pullers 37
and 38 one can control the final inner and outer diameters of the tubing 10
and achieve the desired orientation ratio. In the orienting section 42 the
tubing 10 is passed through a second cooling bath 43 where the tubing 10 is
cooled with air or a liquid. Preferably, the second cooling bath 43, as the
first cooling bath 41, is an aqueous bath at a temperature within the range
of 4C-45C. To overcome the memory effect of the oriented tubing I0, it is
necessary to heat the tubing to a temperature above that which it will
normally be exposed during shipping, storage and use, but below the
temperature at which the tubing is fully melted. By exposing the tubing to
temperatures above the application temperature, less ordered lower melting
crystals are melted leaving higher melting crystals which will be thermally
stable over the application temperature range. Part of the highly oriented
macro-molecule chains will be relaxed to provide a tubing with enhanced
thermal stability. To this end, after exiting the second cooling bath 43,
the tubing 10 trains about the second pulier 38 and extends betlveen the
second puller 38 and the third puller 39. The tubing 10 proceeds in a
direction back toward the extruder 36 



- 9 ~4PR 2003 18 and through a heating bath 44 where the tubing is heat
set. Preferably, the heat bath 44 is positioned above the second cooling
bath 43 to save floor space. However, this positioning is optional. This
portion of the process will be referred to as the heat setting section or
step 45. Preferably, the heat setting step 45 is done on-line after the
orienting section 42, but could be done off Line in a batch mode process.
During the heat setting step 45, the tubing 10 is passed through a heating
bath 44 where the tubing 10 is heated with a medium such as heated air or
liquid. The heating bath 44 preferably is an aqueous solution of water at a
temperature of between about 50-99C. Additives such as salt may be added to
the aqueous solution. In order to control the dimension of the tubing, it
is desirable that the tubing 10 not be oriented during the heat setting
step 45. Far this reason the tubing 10 should be kept under minimum tension
to keep the tubing taught or the tubing should be allowed to sag an amount,
between the second and third pullers 38 and 39, to prevent or control the
shrinkage. Thus, the second and third pullets 38 and 39 should be operated
at similar speeds or pullet 39 could be operated at a slightly slower speed
than pullet 38 to accommodate some shrinkage. To further prevent orienting
of the tubing 10 in the heat setting section 45, it may also be desirable
to support the tubing 10 while being pulled through ._ the heating bath 44
with a supporting structure 47. However, providing the supporting structure
47 is optional. Suitable supporting structures 47 include a conveyorthat
moves at the same rate of speed as the tubing 10 through the heating
setting section 45. Another supporting structure 47 is a plastic or metal
conduit having a diameter greater than that of the tubing wherein the
tubing 10 is supported by the interior surface of the conduit. After
exiting the heating bath 44, the tubing 10 extends beriveen the third
pullet 39 and the fourth pullet 40. Pullet 40 should be operated at a
similar speed of pullet 39 or slightly slower than 39 to prevent further
orientation. The tubing 10 is passed again through the second cooling bath
43. Of course it is    9 APR 2U03 19 possible to provide for a sepaxate
cooling bath, but this arrangement saves floor space. It may also be
desirable to provide for the tubing 10 to make several lengthwise passes
through the cooling bath 43 or heating bath 44 as shown in Figure 3a to
provide for maximum cooling or heating of the tubing in a minimal amount of
space. This may be accomplished by providing a plurality of spaced rollers
49 to define a serpentine pattern through the heating bath 44 or cooling
bath 43. To prevent any further orientation ofthe tubing 10, it may be
necessary to operate the fourth pulley 40 at a similar speed or slightly
slower rate of speed than the third pulley 39. After passing the fourth
pulley 40, the tubing has an oriented diameter and passes through a cutter
or spool 48 where the tubing 10 is cut to the appropriate length fly
wrapped about the spool for storage or shipment. Figure 3b shows a dry
orientation process 30. The dry orientation process is same in most
respects to the wet orientation process with the mayor exception that the
tubing 10 is oriented in section 42 between pulleys 37 and 37a. Pulley 37a
is operated at a speed greater than pulley 37. During the dry orientation
step 42, the tubing 10 is not submerged in the aqueous bath 43 as is the
case in the wet orientation step 42. In the dry orientation process,
pulleys 38, 39, and 40 will be run at a rate similar to or slower than
pulley 37a. Notwithstanding these differences between the wet and the dry
orientation process, it is desirable that the tubing is oriented while in
the solid state. V. Method of Irradiating the Tubing During the course of
medical device manufacturing, most medical devices have to be sterilized.
Radiation sterilization is a preferred method. Surprisingly, it has been
found in this investigation that by exposing the tubing to standard
sterilization dosages of radiation, the tubing performance as measured by
accuracy of fluid dosage delivery was improved. As shown in Figures 7a and
7b,   - 9 APB 2003 20 pump accuracy increased with increasing dosages of
e-beam radiation (Fig. 7a) and gamma radiation (Fig. 7b}. As shown in
Figures 8a and 8b, it was also found that the modulus of elasticity of the
tubing, line 80, decreased with increasing dosages of e-beam (Fig. 8a) and
gamma radiation dosages (8b). It was surprising that these decreases in
modulus were not accompanied by a significant decrease in yield strength of
the tubing as indicated by line 82. 



Sterilization radiation is typically earned out at much lower doses of
radiation than are used to crass-link polymers. The typical magnitude of
such sterilization radiation is on the order of about 25 keys, but can
sometimes be as low as 15 keys. In some instances, although not
necessarily, exposing the tubing to radiation sterilization results in a
measurable change in gel content of the tubing. Gel content indicates the
percentage of the weight of insolubles to the weight of the tubing
material. This definition is based on the well-accepted principle that
cross-linked polymer materials are not dissolvable. However, signif cant
gel content such as about 50% renders the material a thermoset. Such
thermosets are undesirable far medical usages as they are not capable of
recycling using standard recycling techniques. It is important to note that
it is possible to expose tubing to sterilization dosages of radiation and
achieve enhanced tubing performance with pumps without observing any
changes in the gel content of the tubing. The medical tubing 10 of the
present invention exhibits a gel content preferably ranging from 0% to
49.9%, more preferably 0% to 45%, and most preferably 0% to 40%, or any
range or combination of ranges therein. Preferably, the tubing is exposed
to a low dose of gamma radiation ranging fi-vm 1 S keys to 58 keys, more
preferably lSkGys to 45kGys, and most preferably 15 keys to 35 keys, or any
range or combination of ranges therein. 'Thus, this tubing 10 maintains its
thermoplastic   - 9 APR zoa3 21 characteristics and can be reprocessed or
recycled using standard recycling techniques. Pump accuracy can also be
improved after even Iower doses of radiation when very minute amounts ofthe
radiation-sensitive additives described above are added to the polymeric
material prior to extrusion. An example of a pump in which an improvement
in tubing performance has been observed is the FLO-GARD~ 6201. The FLO-GARD
6201 is a single pump head, electromechanical, positive pressure,
peristaltic, intravenous, infusion device. The pump is designed to operate
with standard PVC intravenous tubing that conforms to Baxter
specifications. The pump has a primary flow rate range from I to l999
mLlhr. The secondary range is 1 to 999 mL/hr, or the upper limit will be
the same as the primary rate limit, which ever is lower. Infusible volume
for both secondary and primary modes is 1 to 9999 mL. This pump has the
capability of operating with a wide variety of standard LV. administration
sets including: basic sets, filter sets, CONTiNU-FLO, and BURETROL sets.
The pump accuracy should be within ~ 10% for any flow rate setting during
24 hours of continuous service using the same LV. administration set. As
depicted in Figure 4, the pump has a series of eight "fingers." The fingers
provide positive pressure to squeeze fluid out of the pump segment for
delivery to the patient. The eight fingers move up and down in sequence and
perform a peristaltic infusion function. During this process, the tubing
undergoes repetitive cyclic deformations which eventually may cause
permanent deformation in the tubing geometry. (See Figures Sb and Sc). This
permanent deformation (See Figures 6 and 7) leads to a volumetric reduction
in the tubing which, in turn, causes an under-delivery of fluid to the
patient. Such phenomenon is generally referred to as "pump fall-off." The
Examples below will show that the tubing ofthepresent invention had less
change in flow-rate over a 72 hour period when compared to non   ' 9 APR
Z003 22 radiation sterilized tubing and existing PVC medical tubing.
Illustrative, nonlimiting examples of the present tubings are set out
below. Numerous other examples can readily be envisioned in Iight of the
guidingprinciples and teachings contained herein. The examples given herein
are intended to illustrate the invention and not in any sense to limit the
manner in which the invention can be practiced.   ` 9 APR 2003 23 VI.
Examples Sterilization Radiation Examples Experiments on fluid delivery
accuracy with electromechanical pumps, gel content and relaxation time were
conducted to characterize the properties of the irradiated tubing. Gel
content was determined by solvent extraction. The tubing samples were
extracted by refluxing in a Soxhlet extractor with 150 mesh stainless steel
screen and 250 mL of xylene during 6 to 8 hours, sufficient for a complete
extraction of soluble polyolefin materials. The residual materials in the
screen were dried under vacuum to a constant weight which was used to
calculate geI content: _ Gel /a = [weight of residual/weight of sample] x
I00% Relaxation time (i.e., the time for force to decay to Ile (36.8%) of
initial force under constant strain rate) at elevated temperature is
another way to measure rheological and elastic behavior of polymeric
materials. The test procedure is described as follows) A Rheometrics Solid
Analyser RSA-II is used for the study. Non-PVC tubing (OD about 0.141 inch)
is cut into about 1 inch lengths. A two-plates fixture is heated for 20
minutes at about 75 C before the 1-inch length of tubing is inserted
between the two metal disks (about 0.59S inch diameter). The initial gap
between the two disks is about the same as the OD of the tubing (i.e.,
0.141 inch). The tubing and the plates are then heated at 75 C for another
5 minutes before compressing tubing at a constant strain. The initial force
and force decay are recorded with time. The relaxation time is taken as the
point when the force decrease to l le or 36.8% of the initial force value.
As shown in the following examples, small increases in relaxation time
appear to improve pump accuracy.   24 



1. Example 1 - ~ a~ ~ooo Separate tubings fabricated from 100% ethylene
vinyl acetate (EVA) {DuPont ELVAX) and a blend of EVA and Ethomeen 0I15
(0.23 by weight) {Akzo Nobel Chemical Company) were irradiated at various
levels of radiation. The mode of radiation provided was cobalt-60 gamma.
Each length of tubing was then used in conjunction with a Flo-Gard 620I
medical infusion pump sold by Baxter Healthcare Corporation as described in
detail above. The change in flow rate of the pump through the tubing was
measured after 72 hours of continuous usage. The Flo-Gard 620l is a single
pump head, electromechanical, positive pressure, peristaltic, intravenous,
infusion device. The pump is designed to operate with standard PVC
intravenous tubing That conforms to Baxter specifications. The pump has a
primary flow rate range tom I to 1999 mLlhr. Infusible volume for both
secondary and primary modes is I to 9999 mL. This pump is with a capability
of operating with a wide variety of standard administration sets including:
basic sets, f lter sets, Continu-Flog, and Buretrol sets. The pump accuracy
should be within t I O% for any flow rate setting during 24 hours of
continuous service using the same administration set. As depicted in Figure
4, the pump has a series of eight "fingers." The fingers provide positive
pressure to squeeze fluid out of the pump segment for delivery to the
patient. The eight fingers move up and down in sequence and perform a
peristaltic infusion function. During this process, the tubing undergoes
repetitive cyclic deformations which eventually may cause permanent
deformation in the tubing geometry. (See Figures S and Sa). This permanent
deformation (See Figures 6 and 6a) leads to a volumetric reduction in the
tubing which, in turn, causes an under-delivery of fluid or pump fall-off.
If the material used to make the tubing does not have similar elastic and
creep resistance properties as current PVC material, elevated deformation
-9 APR 2003 25 could occur. This elevated deformation of the tubing would
cause greater under delivery from the preset flow rate as compared to PVC
tubing. Pump fall-off generally decreases with increasing levels of
cobalt-60 gamma radiation doses. The level of radiation and change in fluid
delivery for Example 1 are set forth below in Tabie 1.   - 9 APB 2Q03 26
TABLE I SampleCmpCobalt-60Pump Fall Off %Within Limit ofNumberGamma, keys~
10%i 7-960604Ai 00% EVA0-1 ! 3No17-960919BEVA/0.23%I
S-8.38YesEthomeen17-961408CEVA10.23%25.4-7.06YesEthomeen17-961212E100%
EVA34.2-5.67Yes17-960827AEVA/0.23%58.1-G.75YesEthomeen 2. Example 2
Separate monolayer tubings manufactured from a blend of 95% EVA and 5%
ULDPE and were treated with different amounts of a precompounded additive,
dicumyl peroxide {DiCup). The tubings were then irradiated with escalating
doses of cobalt-60 gamma radiation. Finally, the tubings were placed in a
FLO-GARD 620l infusion pump, and the percent change in flow rate delivered
through the tubings was measured. The level of additive, the radiation
dosage, and corresponding change in pump performance is set forth below in
Table 2. 



TABLE 2 Sample NoCompositionCobalt-60PumpWithinGamma, keysFall-OffLtmit of
f10%l7-960813E95% EVA/5%25 4-6 13YcsLJLDPElO D25 DiCup17-9b0813F95%
EVA/S%25 4-5.32YesULDPE/0 0S0 D~Cup   - 9 APR 20U3 27 3. Example 3 In
Example 3, tubing manufactured primarily of EVA was irradiated with
different doses of radiation provided by electron beam. Table 3 set forth
below shows the change in pump accuracy at different levels of electron
beam radiation dosage. TAB LE 3 Sample #CompositionElectron Beam, keysPump
Fall-OffWithin Limit oft 10%f 7.96064Ai00% EVA0-i 1.3No17-960828AEVA/0.23%
EthomeenIS..b.68Yes17-960828AEVA/0.23% Ethomeen25-4.8GYes17-960814C100%
EVA50-4.14Ycs~~ ! 7-960604AI00% EVAI00-2.95Yes17-960604A100% EVA200-2.26Yes
4. Example 4 In Example G, tubing manufactured primarily of EVA was
irradiated with different doses of radiation provided by Cobalt-60 Gamma
radiation. Table 4 set forth below shows the change in pump accuracy at
different levels of Cobalt 60 Gamma radiation dosage. TABLE 4 Sample
NumberCompositionCobalt-60 Gamma, keysPump Fall Off,17-9GOG04A100% EVA0-I
1.i317-960919E3EVA / 0.23% Ethomcen15-8.38l7-961008CEVA I 0 23% Ethomeen25
4-7.0G17-961212E1Q0% EVA34.2-5.G717-960827AEVA / 0.23% Ethomeen58 1-6 75
- 9 APR -2~ 28 5. Example 5 In Example 5, the gel content present in tubing
manufactured primarily of EVA was measured after the tubing were irradiated
at progressively larger doses of cobalt-60 gamma radiation. Gei content
increased appreciably above 50 keys ofradiation. At low doses ofradiation,
it was learned that gel content could 



be held to imperceptible levels. However, the relaxation time for these
tubing samples still increased. Thus, maintaining the tubing as a
thermoplastic rather than a thermoset. TABLE 5 Sample #CompositionCobalt-60
Gamma, keysRelaxation time, sec.Ge! Content ii 7-960604AEVA01020t
7-960919BEVA/0.23% Ethomeen15106017-961008CEVAI0.23% Ethomeen25.41
16017-961212EEVA34.2130717-960827AEVA10.23% Ethomeen58.112838 6. Example 6
This example shows that addition of very small amounts of dicutnyl '
peroxide can increase gel content at the same cobalt-60 gamma radiation
level. The results are set forth below in Table 6.   - 9 APR 203 29 TABLE 6
Sample ~CompositionCobalt-60 Gamma, keysGel
Content17-960813E95/EVA/S%0d.31ULDPEJ0.025%
DiCup17-960813E95%EVA/5%25.42ULDPE10.025%
DiCup!7-960B13E95%EVA/5%58150'iULDPE/0.025% DiG~p 7. Example 7 In Example
7, five samples comprising primarily EVA were irradiated with five
different levels of electron beam radiation. The gel content present in
each sample was measured subsequent to the radiation sterilization process.
Higher gel contents were observed as the radiation dosage increased. Table
7 summarizes the results of tile experiment. TABLE 7 Sample
NumberCompositionElectron Beam, keysGel
Content,17-960604AEVA0017-960828AEVA I 0.23%
Ethomeen150.b517-960814CEVA5063I7-960604AEVA100787-960604AEVA20087   - 9
APP 203 30 8. Example 8 In Example 8, relaxation time was measured as a
function of cobalt-60 



gamma radiation dosage. Here, five tubing samples comprising mainly EFTA
were irradiated with five different levels of cobalt-60 gamma radiation.
The relaxation time was measured for each sample. This experiment revealed
that relaxation time can be increased by normal doses of cobalt-60 gamma
sterilization radiation. it can be seen as relaxation time increases, pump
fall-off deceases, and, therefore, pump accuracy increases. The results of
this experiment are set forth in Table 9. TABLE 9 Sample
NumberCompositionCobalt-60RelaxationPumpGamma, keysTime,
SecFallOff)17-960604AEVA0t02-11.I317-9609I98EVA /
0.23%l5tOG-8.38EthomeenI7-961008CEVA / 0.23%25.4I 16-7
06Ethomeent7-961212EEVA34 2I30-5.6717-960827AEVA I
0.23%58.1128-6.75iEthomeen 9. Example 9 Relaxation time was also measured
as a function of additive level and cobalt-60 radiation dosage. Table 10
shows that the addition of very small amounts of dicumyl peroxide had
increased relaxation times as compared to samples having lower levels of
dicumyl peroxide after the samples ~.vere irradiated with identical doses
of cobalt-60 gamma sterilization radiation.   - 9 APR 2003 31 TABLE 10
Sample t~CompositionCobalt-b0 Gamma)Relaxationkeystime,
Sec.17-960813E95/BVAIS/01 (9ULDPFJ0.025/
DiCup17-960813E95%EVAIS%25.4148LJI,DPEJ0.025/
DiCup17-960813E95%EVA/S/58.1178ULDPE10.025% DiCup 10. Example 10 The
relationship between relaxation time and increased doses of electron beam
radiation is summarized in Table 11. Six tubing samples composed primarily
of EVA were irradiated at six increasingly larger doses of electron beam
radiation. As the radiation dosage increased, relaxation time increased.
The increase in relaxation time associated with the increase in electron
beam radiation was much greater than the increase in relaxation time
associated with similar levels of cobalt-60 gamma radiation. (See Table
11.)   -9 APR 2003 32 TABLE I I Sample NumberCompositionElectron Beam,
keysRelaxation 



Time, Sec17-960604AEVA0l02I7-9b0828AEVA I 0.23% Ethomeen15I 1
f17-960828AEVA I 0.23% Ethomeen25I7317-960814C IEVA503 I G17-960604A
iEVA10079717-960604AEVA2003000 Tubings were constructed with the materials
set forth in Table 12 and exposed to various dosages of gamma radiation.
The modules of elasticity was measured to determine the effects of
radiation on the modules of elasticity. The modules was measured with an
Instron 4201 at room temperature (73 F/50% relative humidity) at a speed of
20 in/min with a 2 inch gauge length.   - 9 APR 2003 33 TABLE 12
MaterialGamma Dosage (KGYS)ModulusYieldEVA CM57b wlethomeen
S-15None3l56760"I9.43080775"28.9275575838.92540752EVA CM576 wlethomeen
0.I5None3088791"16.224507832G.7219G767-- _ I1. Example 11 In Example 11
multilayered tubings were constructed having an outside layer of CM576
(EVA) and an inside layer of SM8250 or SM 8401 (ULDPE). The tubing samples
were exposed to various dosages of a Cobalt-60 gamma source as set forth in
Tables 13-14. The tubings were tested for their compatibility with Baxter's
FLO-GARD 620l pump (Table 13). The tubings were also studied to determine
the relationship between yield strength and modulus of elasticity with
increasing dosages of Cobalt-60 radiation exposure. As shown in Tab le 14,
as the radiation dosage increased the modulus of elasticity of the tubing
decreased significantly with only a slight change in the yield strength
(See also Figures 8a and 8b} .   -~ aPR 2003 3a TABLE 13
SampleCompositionCobalt-60 Gamma 



(keys)Sample Size n=Pump Falloff (% change over time)t 7-97082I ACM576ISM8
2S001-9.88With I$/Ethomeen 0-! 517-970924BCM5761SM8 40135.l5-1.76with
15%Ethomeen 0-! 5(heated bath} TABLE 14
SampleCompositionCobalt-60SampleModulusYieldGammasize(psi)(psi)(keys)n=17-9
80220BCM5761SM8401053631880with 15%Ethomeen 0-f5(heated
bath)17-980220BCM576/SM840139.852937832with 1 5%Ethomeen 0-15(heated
bath)17-980220BCM576/SM840148.752875823with 15%Ethomeen 0-15(heated bath)
While specific embodiments have been illustrated and described, numerous
modifications are possible without departing from the spirit of the
invention, and the scope of protection is only limited by the scope of the
accompanying claims.   - 9 APP ~00~ 35 Vie claim. 1 A method for preparing
medical tubing for use with a pump to administer measured amounts of a
beneficial fluid over time to a patient comprising the steps of: providing
a tubing having a first layer selected from the group consisting of
ethylene homopolymels and ethylene copolymers, wherein the CopOl)'ll7eCS Of
ethylene ~lr~ a11 elhylelle Illonorllel CopOly111e1-lLed with at least one
monomer selected from the group consisting of towel alkyl olefins, lower al
hyl ester s of a cal boxyl lc acid and towel alkene ester s of a caibovylic
acrd, tile lower alk~,~l mot lower alkenc each have floor 3-l~ carbons, or
blends tl~ei~of; rm(noving l~lurd delivery accuracy over time of tile
tubing by exposing the tubing to a steoUlzatlon dosage of radiation of from
about 15 to about 45 kG~'s amt including dicumvl peroxide as a radiation
sensitive additive to the tubing: and Intmping fluid LhlOllgh the tubln`?
wrtll the pump 2 `hhc method of claim 1 wllc:lcin the tubing is an ethylene
vinyl acetate copolyrlcr havrtlg a Vlllyl acetate content of not more than
36/c vinyl acetate by weight of the copolyrncl 3. The method of claim 2
wherein the Uel content of tile ethylene vinyl acetate copolymer is from
about 0-49/~. 4 The method of claim 2 ~1'llCrClll tile elllylelle vlflyl
acetate coholylnel- has a melt flow index of less than about S.0 g/10
mrlltltes.   



- 9 AP R 2003 36 5. The methoc( of claim 2 wherein the ethylene vinyl
acetate copolymer has a melt flow index of less than abotlC 1.0 g/IO
minutes. 6. The method of claim 2 wherein the ethylene vinyl acetate
copolymer has a melt tlov~ index of less than about 0.80g /10 minutes. 7.
~rhe method of claim I wherein the step of exposing the tubing to
sterilization dosage of radiation comprises the seep of exposing the
tllblng to a source of radiation selected from the group consisting of
gamma lays) ultra-motet rays, and electron beam 8 Tlle method of claim 1
\\'llelein the step of 1)lowcll~' a tubm~; fultllel includes tile step) of
plo\ lclln~r a tublllg \vltll a second la)~m concentllcally disposed
\wtllln tl~~ (list layc:l of the tubing. 9 Tlle IllelllOd Of Clallll 8
\vllerelll tilt; secOllCl lafCl llas a 111OdllIllS of elasticlt)' shat la
greater than the modulus of elasticity of the fllst layer 10 'The method of
claim 9 \vhelein the second layer IS selected frOlll 110I110p01)'nlelS
allCl COpOly111e1J 01`1(()l1<1-Olel`lnS. I 1 Tlle nlechocl of clalnl 10
\vllel'elrl tile SeCOlld la)'el IS art llltla lov.~ density ()olyeth)~lenc
12. The method of claim I wherein lhc lower alkyl group and the lower
alkene group have from 3-10 carbons.   - 9 APR 2003 37 13. The method of
claim 1 wherein the first layer of the tubing further comprises a blending
resin of a polyolefin or polyolefin copolymers in an amount by weight from
5-95 % . 14. The method of claim 13 wherein the blending resin polyolefin
copolymer is an ultra-low density polyethylene. 15. The method of claim 1
wherein the pump is a peristaltic pump. 16. A method for preparing medical
tubing for use with a pump to administer measured amounts of a beneficial
fluid over time to a patient comprising the steps of providing a
multilayered tubing having a first layer and a second layer, the first
layer of an ethylene monomer copolymerized with at least one monomer
selected fiom the group consisting of lower alkyl esters of a carboxylic
acid and lower alkene esters of a carboxylic acid, the lower alkyl and the
lower alkene each have from 3-10 carbons, the second layer of homopolymers
and copolymers of alpha olefins, the second layer being disposed
concentrically within the first layer and having a modulus of elasticity
greater titan a modulus of elasticity of the first layer; improving fluid
delivery accuracy over time of the tubing by exposing the tubing to a
sterilization dosage of radiation of from about 15 to 45 keys, and pumping
fluid tlu-ough the tubing mth the pump. 17. The method of claim 16 wherein
the first layer is an ethylene vinyl acetate copolymer.   9 AP R Z003 38
18. The method of claim 17 wherein the ethylene vinyl acetate 



copolymer has a melt flow index of less than about 5.0 g/10 minutes. 19.
The method of claim 17 wherein the ethylene vinyl acetate copolymer has a
melt flow index of less than about 1.0 g/10 minutes. 20. The method of
claim 17 wherein the ethylene vinyl acetate copolymer has a melt flow index
of less than about 0.80 g/ 10 minutes. 21. The method of claim I7 wherein
the second layer is an ethylene and alpha olefin copolymer wherein the
alpha olefin has from 3 to 8 carbons. 22. The method of claim 21 wherein
the second layer is an ultra low density polyethylene. 23. The method of
claun 16 wherein the tubing further comprises a third layer. 24. The method
of claim 16 wherein the gel content of the ethylene vinyl acetate copolymer
is from about 0-49 % . 25. The method of claim 16 wherein the step of
exposing the tubing to sterilization dosage of radiation comprises the step
of exposing the tubing to a source of radiation selected from the group
consisting of gamma rays, ultra violet rays, and electron beam 26. The
method of claim i6 wherein the step of improving fluid delivery accuracy
over time comprises the step of including a radiation sensitive additive to
the tubing.   - 9 APR 2003 39 27. The method of claim 26 wherein the
radiation sensitive additive is selected from a compound having at least
one functional group selected from the group consisting of organic
peroxides) acrylates, acids, amides, amines, silanes, urethanes,
ltydroyxls, epoxys, esters, pyrolidones, acetates, carbon monoxides,
ketones, i~nidazolines, photo initiators, fluoro-compounds and dienes. 28.
The method of claim 27 wherein the compound having diene functional group
is an EPDM. 29. The method of claim 27 wherein the compound having a dime
functional group is a syndiotactic 1,2-polybutadiene. 30. The method of
claim 27 wherein the compound having a diene functional group is a styrene
butadiene block copolymer. 31. A fluid delivery system fox administering
measured amounts of a beneficial fluid over time to a patient comprising: 



a tubing having a sidewall with a fast layer selected from the group
consisting of ethylene homopolymers and ethylene copolymers, wherein the
ethylene copolymers are ethylene copolymerized with a monomer selected from
the group consisting of lower alkyl olefins having from 3-10 carbons, lower
alkyl esters of a carboxylic acid, the lower alkyl having from 3-10
carbons, and lower alkene esters of a carboxylic acid) the lower alkene
having from 3-10 carbons, the sidewall having a melt flow index of less
than S.0 g110 minutes, and the tubing further comprising a second layer
concentrically disposed within the first layer; and   9 APB 2~3 40 wherein
a sterilization dosage of from about 15 to about 45 keys has been
transmitted to the tubing to improve fluid delivery accuracy of the tubing.
32. The fluid delivery system of claim 31 wherein the first layer is an
ethylene vinyl acetate copolymer. 33. The fluid delivery system of claim 32
wherein the ethylene vinyl acetate copolymer has a melt flow index of less
than about 1.0 g/10 minutes. 34. The fluid delivery system of claim 32
wherein the ethylene vinyl acetate copolymer ha a melt flow index of less
than about 0.80 g110 minutes. 35~ Tlie fluid delivery system of claim 31
wherein the second layer has a modules of elasticity that is greater than a
modules of elasticity of the first layer. 36. The fluid delivery system of
claun 35 wherein the second layer is an ethylene and alpha olefin copolymer
wherein the alpha olefin has from 3 to 8 carbons. 37. The flmd delivery
system of claim 36 wherein the second layer is an ultra-low density
polyethylene.   - 9 ~ P ~ ~~03 41 38. The fluid delivery system of claim 31
wherein the tubing further comprises a third layer. 39, A fluid delivery
system for administering measured amounts of a beneficial fluid over time
to a patient comprising: 'a tubing having a first layer selected from the
group consisting of ethylene homopolymers and ethylene copolymers, wherein
the copolymers of ethylene are an ethylene monomer copolymerized with at
least one monomer selected from the group consisting of lower alkyl olefins
having from 3 to 18 carbons, lower alkyl esters of a carboxylic acid, the
lower alkyl having Eton? 3 to 18 carbons, and lower alkene esters of a
carboxylic acid, the ~low~r alkene having from 3 to 18 carbons, and the
tubing further comprising a second layer concentrically disposed within the
first layer, the second layer having a modulus of elasticity greater than a
modulus of elasticity of the first layer. a pump coupled to fhe tubing, and
wherein a sterilization dosage of ,radiation of from about IS keys to about
45 kGya has been iransmitted.to the tubing, and the tubing is formed by an
extrusion process by an extruder, and wherein the tubing is cooled to a
solid state to define an initial diameter and then the tubing is stretched
in a direction along a longitudinal axis of the tubing to define an
oriented diameter that is less than the initial diameter. 40. The fluid
delivery system of claim 39 wherein the initial diameter is from 10 % - 300
% grater than the oriented diameter. 41. The fluid delivery system of claim
39 wherein the initial diameter is from 20% - 120% greater than the
oriented diameter. r 42. The fluid delivery system of claim 39 wherein the
initial dianxeter- is from 30 % - l00 % greater than the oriented
dianpeter. 



~ AP R 20D3 42 43 . The fluid delivery system of clahu 39 wherein the rxzst
layer is an ethylene vinyl acetate copolyruer. 44. fro fluid delivery
system of claim 43 wherein tie ethylene vinyl acetate copolymer has a melt
flaw index of less than about 5.0 g110 minutes. 45. The fluid delivery
system of claim 43 wherein the ethylene vinyl acetate copolymer has a melt
flow index of less than about 1.0 g110 minutes. 46, 'The fluid delivery
system of claim 43 wherein the etlZylene vinyl acetate copolymer has a melt
flow index of less than about 0.80 g110 minutes. 47. The fluid delivery
system of claim 39 wherein die second layer is an ethylene and alpha olefin
copolymer wherein the alpha olc(in has from 3 to 8 carbons 48. Tlre fluid
delivery system of claim 47 wherein the second layer is an ultra-low
density polyethylene.   -g ~p~ 213 43 49 ~ A method of manufacturing tubing
for use with a pump for administering measured amount of a beneficial fluid
over time to a patient, the method comprising the steps of: providing a
polymeric material selected from the group consisting of ethylene
homopolymers and ethylene copolymers, wherein the copolymers of ethylene
are an ethylene monomer copolymerized with a monomer selected from the
group consisting of lower alkyl olefins having from 3 to about 18 carbons )
lower alkyl esters of a carboxylic acid ) the lower alkyl having from 3 to
18 carbons, and lower alkene esters of a carboxylic acid, the lower alkene
having from 3 to 18 carbons, the polymeric material having a melt flow
index of less than about 5.0 g/10 minutes; extruding the polymeric material
into a tubing having a first layer and a second layer concentrically
disposed within the first Iayer~ with an extruder cooling the tubing
exiting the extruder to a solid phase to define an initial diameter;
stretching the tubing in a solid phase to define an oriented diameter that
is less ttlan the initiat diameter; and improving fluid delivery accuracy
over time of the tubing by exposing k the tubing to a sterilization of
radiation of from about 15 to about 45 keys.  50. The method of claim 49
wherein the initial diameter is from 10 300 % greater than the oriented
diameter. 51. The method of claim 49 wherein the polymeric material is an
ethylene vinyl acetate copolymer having a vinyl acetate content of not more



than 36 % vinyl acetate by weight of the copolyjner. 52 . The method of
claim 51 wherein the gel content of the ethylene vinyl acetate copolymer is
from about 0-49 % .   - 9 AP R 2003 44 53. The method of claim ~ 52 wherein
the ethylene vinyl acetate copolymer leas a melt flow index of less thaw
about 1.0 g110 minutes. 54. The method of claim 53 wherein the ethylene
vinyl acetate copolymer has a melt flow index of less flan about 0.80 g/10
minutes. 55. The method of claim 53 wherein the step of exposing the tubing
of sterilization dosage of radiation cornpriscs the step of exposing the
tubing to a source of radiation selected from the group consisting of gamma
rays, ttltra violet rays, and electron beam. 56. The method of claim 49
wherein the second layer has a modulus of elasticity that is greater than a
modulus of elasticity of the first layer 57. The method of claim 56 wherein
the second layer is selected from homopolyrners and copolymers of
alpha-olefrns. 58. The method of claim 57 wherein the second layer is an
ultra low density polyethylene. .An.A k.A5.AF y&L.A
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