;e3e <223|6v6;6<T <- 9 AP R Q03 1 DESCRI TI ONON Techni cal Background

This Invention relates to a nethod for fabricating nmedical tubi ng-gnAPIRrZ{]mj
particularly to a process for inproving nedical punp tubing perfornance by
irradiating the tubing and optionally by also orienting the tubing.
Background of the Invention in the nedical field, where beneficial agents

are collected, processed and stored in containers, transported

ultimately delivered through tubes by infusion to patients, theagmﬂﬂﬁmwﬁﬁmmm
a recent trend toward devel oping materials useful for fabricatin

contai ners and tubing w thout the disadvantages of currently used net%Kfal s
such as polyvinyl chloride. These new materials for tubing nust h

uni que conbi nati on of properties, so that the tubing nay be used”@MEWBmmeﬂmh
adm ni stration sets and w th np@éro&kp MRbidsL eOMPUOPBIc AnDNg t hese

are the materials nust be optically clear, environnentally conpati bl e§otzve
sufficient yield strength, elasticity and flexibility, have a m ni num
gquantity of | ow nol ecul ar wei ght adg#%k%ﬁﬁTﬁﬂﬁ ot her extractables, and be
conpati ble with nedical solutions. S Strable for nedical 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 conpatability of the ~ 9
AP R 2003 2 tubing with nedical infusion punps. Medical infusion punps are
equi pped with ultrasonic sensors for detecting abnormal conditions in the
tubing such as air bubbles. It is also a requirenent that the tubing be
environnmental |y conpati ble as a great deal of nedical tubing is disposed of
inlandfills 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

t her nopl ast i caTéchnicecR&kaugdso t hat scrap generated during manufacturing
may be incorporated into virgin material and refabricated into_ other useful
articles. For tubing tThigtinyentign splefsele aonetbyd fordrbrigating srediqal tubingrredessary
to use a materjal that not geperate or mhiyzes the formtion of

by- product s suBRredE fcr‘f(l)aglogtﬁia r%%elg%jso TP R '%/Pe 185{‘ El\%prtgﬁlr?gﬂeggﬁya%gr nf ul ,
irritating, aﬂ@iﬁ@ﬂfaﬁﬁ% #e g afKepnglly FYelsovYica@ehaheing] ecti onabl e
anounts of hydrogen chloride {ar hydrochloric acid when contacted with

wat er) upon incineration. To be conpatible with nedical solutions, it is

desi rabl e t hat ttl}e tu ip \;e%fi.r?l be free fromor have a m ni nal content
of | ow nol ecul%r—&%rg&rf—éﬁﬁh—v%sac 19 T such as plasticizers, stabilizers and the
li ke. These conponents coul d berexid artiRdl Meld hehtleepaRedial GgsMk Wrkons t hat
cone into contact with the material. The additives may react with the

t her apeut i ¢ ageHegedprasessed ydseoredingentainges, Ganspeitehandndtimeiehidelivergli s i s

especially traquble i,n bi.o-tech_ dr f.ormul at.i ons where th
czﬁcelnt r a%/i onqgjfougﬁgur%s :}’3 1nlgusrlr%nag°up %tbﬂl%’i%n tg%{%%aspbleelﬁnsrﬁ fﬁGF%‘n“‘f'bnga“,’af? at her
than in wei 9htde@élojfiﬂ?ﬁﬁ&rﬂa&ﬁ.@&mﬁgﬁﬁriczﬁif@@ufﬂé&l&ﬁh@r@aﬁ&ﬁﬁﬁ%uﬂﬁmﬁhﬁebi o-tech

drug can render the formul ation unusabl e. Because bio-tech fornulations can
cost several tdisndvantaizes of duarentlpusedduaterials suchss polysmat ¢hleriddiafhestivew ubi ng

material be inert, Polyvi.nyl chloride.("PVC'). has been w del sed to
fabricate nedi’ﬁﬁ?ﬁﬁlﬁgqrﬂbblﬁgnf‘ismﬁv&as ‘éetc%?g‘f‘ﬁté ° @&BF‘F’@HE‘%H atBYC t ubi ng
i's optically ghgasnfab8hidedh figl athdti@tation3PEGhA Aith A ediddPirfrhdt W ng
through it. PVC t%bi gg has provean to V\%ka wel | in punp aglnfénérg?%lt?ﬁ'on sets.
PVC nedi cal t vhmong thtsprdpesiedesithabhterials mudt WRRIZADBc1&ar sénvasamehtaly n
characteristics so thah t he fg“%t erial, my be stretched to a.certain degree

al ong a | ongi tqaIPAUPleaRave gHipIRRL yighh Agenatlh nelatticdyaidn §exbditynhavecant

per manent redygt i i i fosdi 1 I t r PVC

t ubi ng resi st ;{ﬁ @1‘3@‘&?‘Hg?*%@%ﬂﬁgﬁﬁ%'gf“'%u%%‘g‘g agﬁg%'g aansd (?g%oe?gjg?t}g&g%% %ce
charact eri sti ds dompatiblewithanediemtslotidisng the flow rate of fluid through the

tubi ng using slide clanps which operate by crinping the sidewall of the
tubing to stop or redlidedesHablefenynedicd |tehing thboerfirat!ndransisiceny to Thew s| i de .

clanp may be used wthout. i .SeOring of .cuftin he tubi ng. Because
PVC by itsel f%fs)rswguarli"bsgé#“ﬁgﬁ)yzl&, ‘?grbev‘H%‘ﬁ%‘c&ﬁ‘5PFS%F§W@E%§%S%%‘BHW§%OM as
pl asticizers rBédptibglyasid@trdsonit8RdemsYbatlak @hdb&es he cdfpafaBliihopdove, in
sonme instances these plasticizers nmaybe 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 nedi cal tubing. Polyol efins and pol yol efin alloys
have been devel oped whi ch neet many of the requirenents of nedical
contai ners and tubing, wthout the disadvantages associated with PVC
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pol yolefins to fabricate nedical tubing. Such tubing has been found to have
poor surface characteristics so that it is readily susceptible to cytting,.
shreddi ng or scoring when clanping the tubing using a slide cl anp."'@ehéﬁiﬂma'
pol yol efin tubing also presents difficulties during use in punp pressurized
adm ni stration sets where the punp control £the flowrate of fluid t hr ough
the tubi ng by consecutively -9 APR Q003 4 inpinging upon the sidewalls of
the tubing to deliver a precise amunt of fluid aver a given tine period.

., Punps 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
punp upon det ect k s i : «The
Bemeor & Usual | y kA P R A00 e
admi ni stration sletsdsc semsorsefibr ideteplimg ebndrmahesnditess ifi shinthbingatuchhieng is a
tendency for the polyolefin tubing to deformwhen placed in the sensor body
due to resi stané‘é‘?ﬁ)\‘isth side walls of the sensor housing. 'This deformation
in some cases leads th i fadi : it and to
i nappropriately deacti \G/I%t{t!gdst% %ter L?\?h%%ﬁ%ﬁ?rph&%bre%ﬁg%%ﬁt@%nygﬁglgI efin

t ubi ng has beenasf aundatt dedd avferndedivaly ndling S¢ rdéspgidd. oBac damiéiiis hewdethrqugh di r ect
rel ati onship between yield strength and nodules, it is very difficult to

i ncrease t he yigri@estipendion tyhins gisposedqfaa dandfilla it i, desirable 19 upgas Wélenpdul es
of the materi al I IR haldiSp: [ - | e
dependent on crrygtlteaﬁfalg ?%/%}ﬁgllt@nfag@%ﬂ%ah%éﬁ?lg‘%gﬁ rgﬁgy&rrlt%ghélazcs&?is&%rl{lyn%lp Pl y
dependent on t hemamiahivhith ipltikginoplazthaligddediablwnthathe rapogubasedafuringe
polyolefin material is selected to match that of the plasticized PVC, the
pol yol efi n nat enpzifaeiusingmay Be meprgertskperEgingnaienal w&‘gﬁfabycq&@bw@@}erand t he
resulting tubin eE’ Sri9Q low a yield strength to resists potentially
external pulli n‘% rcesthat can result in necking of the tubing.
Conversely, when the yireltibsid agk dispssdedreaakindritior’¥Gs hdresdapsialisant

modul es is too high to function with punps. Polfyol efin tubing exhibiting

| ow yi el d st r ermatadalthe doesriitisgnesals eeminiplizes ths farmation ofenpreditpis sirhiag

referred to as .neckind.. Necking._i L i I ' h i.ameter of
he tubi ng t natnietracibamarre By SiRe eIk bt Db PSS

al ong the | ongifds@kitaplcadVe ndy éeh&atdﬂﬂ%é&oniﬂ&@&h@ﬂutﬁ@hyﬁﬁi@&@cﬂoﬁ@@@ﬁti on in
the flow of fluid through the tubing thereby rendering the tubing

i neffective. hydrox8Rriogsl Whapenntacke with Haerf ypgndnaingagtian: i s possible to

i ncrease the tubing' s istance .t o.neckin . Pre:-.Qni ent he ,t.ubi ng

al ong the | ongitudinal rrg???fago‘gpétﬁﬂ%wftﬁmeﬁ&a _%‘é’\%&’rﬂ,lgfi%séra%flg?%ﬁk%ﬁbd?ﬁ process
may |ead to di npRglifBairet ASiAdthbid dminiMaRadhichCofidw mochRWEIghR@dREeS | n
tubi ng experiences a phenonenon known as heat recovery, which is sonetines
referred as theuthhaapdasyicigbrsetibitizenpand theliby dihgsd congoratipiaukthesgtrptiehomenon

that occurs when oriented tubing is,heated.above. the.fepperature ached
during the ori 2’?[’; &'tei ‘E‘ﬁfaﬁ?%_tceﬁ"é%‘g et.fh‘a't ﬁ?rgec@ ucroéltatcﬂé“”{khﬁ%rfag'fgggle.s%ﬁ s
orientation caugifies Rfal Rdcnd/ifNAe tHePBRREHONRN s INRLFisOterndBOtht YBASE | N
addi tion, Applicants have found that nost nedical tubings undergo sone
per manent def onnefféctime whkis is edpeeielly tiotlesonee indigteck dmg{ fermilotions)where

erer b Lo oA AR RS PR S TR RRE 0
deformation cay %%i@t\smlaﬁg elcBnth &, %%ﬁ'ﬁﬁr%cxﬂ@ldsé’e‘%ﬁh‘é@kﬁteleﬁ@xﬁg%&a

initial rate. This 1s especially true for polyolefin tubing wth™!o
crystallinity. rBadeytieehimulatin wmyishizieeBatasise thedechdhonwiatianskvaw eospayerat her mal

stability during storage, trapspartation, and end applicatjons. The poor

t her mal st abi | itgefusafld BBﬁ%{%P%ﬁ“;}%g’t‘hﬁi‘W@‘i@gﬁe ﬁ@b et“B’"gﬂ‘u’é‘ﬁijé‘éf b6inethe desired

di mensi ons and shape. ' ' " 589 i,bly
adversely affect the a§§§§§9€E@§H§%ﬁ?gkbgﬁﬁﬁﬁaﬁﬂﬁF§£§§gﬁﬁ? caﬁRQ%@%Plead to
shape changes ttiging@anit meds afost bthedelrieqg ranneeM PN ¢ lBnOls optitdliycaltdr b0 use

wi th punps. One such probl em occurs when tubing, which is frequently stored

and shi pped in %10®tﬁoré@U§ﬁI§Pé9ti°@é€8l?é§‘i@QPWi“ﬂ“gfh%hié-dl“{’@&lbéfr%lﬁépmse%h
iled tubing is. diffigul .as i t t
o | ed shape. Gtk b sSRffuh sl Tl B RANGRRE A5 it °

pol yoiefin materials was contenplated in U S. Patent No. 4,4G5, 487 issued
to Nakanura et al. and assigned to Terunp Kabushi ki Kai sha of Japan
("Nakamura"). Nakamura relates to a container for nedical use produced from
a polyolefin material. Mre particularly, Nakarnura relates to a nedica
cont ai ner produced from an ethyl enevinyl acetate {EVA) copol ymer contai ning
10 to 3 S weight percent of vinyl acetate -~ APR ZQO~ 6 crass-Iinked
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pol yol efin material having a thernoplastic nature and the desirable
characteristics of PVC materials wthout the elution of plasticizegs -9
APB 2003 The present Invention provides a nethod for preparing a'ﬁbdﬂﬂaR 2003
tubing for use with a punp to adm ni ster neasured anounts of a benefici al
fluid over time to a patient conprising fhé steps of: providing a tubing
having a first |ayer selected fromthe group consisting of ethylene
honopol yni ers and et hyl ene copol yners, wherein the copol yners of ethylene

are an et hyl ene nonomer copolynerized with , at |east one nononmer selected
fromthe group consisting of |ower alkyl olefins, |over alkyl esters of a
carboxylic acid and | ower al kene esters ~ a carboxylic acid, the | ower

al kyl and | ower gl kene,oa6h NaNRC] LOMB the BaEARPARD nellihhends o1 grg0f

inproving fluid derivery accuracy over tim tubing y_expospﬁg t he
tubing to a stedédrézalongi GRGageinal axiadifahd abigf withowd el d Sighi@icaliout 45
keys and i ncluang di cunyl peroxide as a radiation sensitive - additive to

t he tubing; andrgrmperigeduation in theglignetehe! the Bibing. Vnwother weordsuR¥C t¥hiagpr esenf

invention al so praovides a hod..f reparding nedical .tubing for. yse with
a punp to adm nl%g?ﬁgpeﬁlggg-uggg "ged %aggb?n&ﬁ% tbaggaé’fofac |1%§WF%$HI%\%F[‘?#BE to a
patient conpri siipgy forRohirEMMag @le AFWYAtElbNGuia tHrbhdh then®iRtusiitiiiae chapkng a
first Layer and a second Payer, the first |ayer of an ethylene nonomner

copol yneri zed -which operatedwarimyping thensisiewiall of e abirgtostoprer Tducgthe fipw of

consi sting of | r, al kyl. esiers, of cafioxvlic acid.and Power alkene
esters of a cartg‘\ggmoelg(lig}eot}'g%e I%S\RE?G PRDMay ¢ '{Sﬁ‘iewt‘tgwétrcaﬁﬁlﬁ%ﬁé’néﬁch have
from 3-10 carbqnguE@gﬁggggmguiayer of honopol yrners and copol yners of

al pha ol efins) the second |ayer being disposed concentrically within the
first Layer and havi ng BecawduPVi€ Wy itedlfisst # aigid/ pglyewt.clowt matecalanwabightis of

el asticity of the hrsf |ayer; inprqoving fluid,deliver cur ver tinme
of the tubing HPTEEHEE F@X‘Trﬂés P{‘}E‘i“ﬁ@eri %‘uﬁt b§tag?1‘°rdl fPi%ﬁdi%%%dfﬂég’iZ $§ehdi ati on
of from about oSBTl s ibivd b bOUARACLN ButdtRldigbite th the
punp. The preséﬁ?hgﬁég%ﬁﬁ%ﬁmfurtcer pf@%%&ésrén%yui dglivgry sysﬁg%1for
adm ni st eri ng rwasiuidegdasimpuritrsugif tte hbnesf | doalthi#l reasbnpued bEcawse oftthe a
patient conprising: . - 9 APR 2003 7a a tubing Laving a sidewall with a
first |ayer seldéﬂtgcéalesﬁawwefb%%mewgw Wﬁyﬂf“ge?‘%(}l’é‘%?ée IS-5HBIS ner s
and et hyl ene cq&@h iﬂgCﬁﬂmﬁ&ﬁ%ﬁfh% t he et hyl ene oopglytriers are ethyl ene
copol yneri zed w a nononer seletted fromthe group consisting of |ower

al kyl ol eCns Layi ng fr Bolydictids aad poh®lefincalleys aheybeca steeclspedodhiah amseboxyl i ¢

acid, the lower alkyl having from 3-.|E? carbons, and | ower al kene esters of
a carboxylic adpany ehdhe dﬁ@ﬂreﬂ%ﬁ@fﬁaﬁhﬁé sanépiners-and  gikbinge éithquh dhsj gewal |
ha~u~ a nelt fl i =0 1 I g =8 I ;

further conflr @%grdlléé}ggé% S g‘fg%clr? a@“@?%&ﬁof@%’??@a%&‘igi’ g{)éo%éndﬁ %Bttéﬁ?lﬁgt he
first lever: amgkediwapplicationd bedahiezthey havetaimgel aftrabrabilitatofliidd SMost about
45kGvs has been transmtted to~ the tubing to Inprove fluid delirrery
accuracy of ~f h@otyehiig arqapvirpamapaly squpd agthexéanot penseate hamisldegrodants” g
fluid delivery t. . admnj steri SUr At S ngf.j ci al
fluid over 11 msoed inopedfiof B liohiel B BRHERAC WS o BhaShipiggly 02
setec~ted firomdy/eedlrOmMBy gRRBIETHsNGe Bbstafthylianmahoiarpakiyey providk af hyl ene
copol ymers) wherein the copolyners of ethylene are as ethylene nononer
copal yi uer i zed epprahic giteinative tooheCnblowenes theed e maay hintsiiestih @ vefearup to

consi sting of. | ower | .ol ef.iins Lalti om 3 ~#o0. J8 carboins, |ower
al kyl esters ofeég%eaﬂ%?fﬂoéaba{%FW!‘b‘ftﬁse&%c};v%W@ialg yo!lgfgbi n~ froriw. to I8
carbons, and |ower al kgpe cehfleS pRoblamS afab@Bkbh Gndduntbred Be dspipeberBiifkene _
having from3 to 18 carbons ,  and the tubing further conprising a

secondl aYer compotmisfinsdd Faprigits posiec! tubtrgi Hutthigbinghgs bdeayeaumd to hevepeoond
| ayer having a nodui er than a nodnlus of elasticity

s of elasticihr grea
of the tr ret ISHYase CHArARCHSUED s fhad 1t B TEHED BTRUDIE AR FUlgr SHRIdnG P

‘rtli~tion dosesg&wgw g{i%lgﬁ)ggtﬁéaw@r%pesﬁ{g%kdé§m'ﬁs.y§e@ng§@g§eﬁﬁ%ud§@3 has

been transmtted to t ubing 1s orni an. extrusion
process ~by au-alsressdradiffiamdts direipeiseintpiting ptashirigd hdmimisdacion dets vehesol i d
state to .define an Initial tlianmeteir ,and (then the tubiu~ !s stretched
in a direcxion Bf 88MR ¢ouHgis thaifleay rafiod Towd thieughathe feping byeopsecuivgly ~xnt ed
dianeter-that ii; less than rue Inititit dianeter. -9 APR 200



7b in addition, the present invention provides a nefhod of manufacturing
tubing for use with a punp for adm ni stering neasured anmount of a
beneficial guid over tine to a patient, the nethod conprising the s}gpApR 2003
providing a polyneric material selected ftomthe group consisting o

et hyl ene honopol yners and et hyl ene- copol ygers, vsiherein the copol yners of
ethyl ene are an _ ethyl ene nononer copol ynerized with a nononer sel ected
fromthe group consisting of lowe~c al kyl olefins having from3 to about !8
carbons, |ower alkyl esters of a carboxylic acid, the |Iower alkyl having
from3 to~ 1% carbons, and | ower al kene esters of a carboxylic acid; the

| oner all ~ene haying from3 to |8-carbons, tf~e polyneric material having a
melt flow inde~c of |ess than about 5.4.gl1 i0 mnutes; extruding the

pol yneri c mat er iimpingingoupentthbsidevallaf teg wbing tedelivgy e pregisd amositofhuidaver
concentrically di sposed w thin &he first layer. with an extruder; cooling
the tubing exiti°§ ‘iﬂ@e%g%?ﬁﬁg?‘to a solid phase to defu~.e au initia

di aneter; stretcliing thgmpdphige ubedetoSPlubdbddletidiaragdeftsd8 hhfigntd fptaiont ed
dianeter that is less than the initial diameter; and inproving fluid

del i very accur abgveovatousismgsorsf totdetect sish egnditionsy@sdmick grashiae ofiflundyirt thea

sterilization of radiati.o f firom apbout 15 to about d5 keys. - 9 APR
2003 s The pr es SR8 49 ?l’fp'ﬂ)t?%le_fsd? h‘?giuﬁfsgﬂ?fﬂaeih%“mfﬁ%?fwm?ﬁ’éipHB‘de’c’Bt hyl ene
vinyl acetate CQQ@J:tYﬂ?ﬁn iR epkabI EBRR TR s O of b€ i bUBRE! TRe d0SRBEsAIly

radi ati on to increase punp performance. The present invention also provides
a nultilayered hate aigensémrbody pir ehehredghiont of thedutiingofihe hdmirastrasioneaet isayer of
et hyl ene vinyl acetate and an inner |ayer of honopol yner nd copol.yners

of al pha- ol ef i nsSeopFesk 8y fﬂeyi‘ P?fgbei‘?ﬂcfﬁ‘i“éstgwt{‘%r?é%?it@d?vyoér a‘FFeP efil | ess
than the materi gl.: t ] thels j | so have
greater than tvv?)[l bll%tgr&sgfosd&g gg llat%ﬁfi@éhﬁ %@%ﬂ%’%‘r@xﬁu{eﬁgf*l&%&géﬁ? th?? %gs wi ||
have an outer | ageie, seasardioasihgy Ghisadedorantiomesorhayaes ldads hepdedérsread f or m
the outer layer is softer than or_has a mpdul es of el asticity | ess than
that of the i nntidiqaig ap abnormgl eguditsrsmndgo ppapgroppately Fi?ﬁc%ﬁedge {HBSIPR awi ngs
Fig. i 1s an en| ed cross-sectional view of a nonol ayer nedical tubing of
t he present inv%‘ﬂf‘ on; Fig. 2 is an enlarged cross-sectional view of a
mufti-layered tubing ofFuriher, cervanpblydlefifritghingBasi tecadoward tariged low yield

cross-sectional view of a nufti-layered tubjng of the invention; Fig. 31is
a schematic repsteesgit aficsrspithaie dearbieect slatioastip Mgtvesni ¥eald; sepnsth an

modulus, it is very difficult to increase the yield strength without increasing at the
same time the modulus of the material. In polyolefin materials, the modulus is
primarily dependent on crystallinity. In PVC materials, the modulus is primarily
dependent on the amount of plasticizer added. ~When the modulus of the
polyolefin material is selected to match that of the plasticized PVC, the polyolefin
material's yield strength becomes significantly reduced, and the resuiting 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 modulus is too high to function with pumps.

Polyolefin tubing exhibiting low yield strengths are readily susceptiﬁle
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.



and heat setting nedical tubing; Fig. 3a is a plan view of a serpentine
pattern that tubing may follow through a heating or cooling bath ob;&
process shown in Figure 3; Fig. 3b is a schematic representation® 'SR 20'03
method for formng, dry orienting and heat setting nedical tubing; Fig. 4

is a schematic of a nethod of punping fluid5through polyneric tubing; Fig.
5is a cross sectional view of a polyneric tubing during an up stroke in a
punpi ng operation; Fig. Sa is a cross-sectional view of a polyneric tubing
during a down stroke in a punping operation; Fig. Sb is a cross-sectional
view of a polymeric tubing prior to multiple conpressions by a punp; Fig.

Sc is a cross-sectional view of a polyneric tubing after nmultiple

Celat tonshi . bet veon puidiprlictits deb® fad BB i go kiR Pdhsst P rbizgioe.
and Fig. 7a is aregimRkd @%Eclﬁﬁ@ﬁyeﬁ%f&ﬁhﬁ@lhé’fubid’g%l x\gtﬁémgﬁmlﬂm bekwe@e pump

accuracy and el ectron beam radiati on dosage. I's a graphical
represent ati on ofubinge Hoateati, theskhicptabien meﬂsmwﬁeaddcdnmloanhngamh&/ In

o 00l AL i e SoRBT LR o
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strength with vargimygicgphencmaiinat ithen ochnsagis. oriented JubdRRisARod labo@ahal | ed
Description 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 low 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.

Onemethod of improving the thermal stability of non-PVC, polyolefin
materials was contemplated in U.S. Patent No. 4,465,487 issued to Nakamura et
al. and assigned to Terumo Kabushiki Kaisha of Japan ("Nakamura"). Nakamura
relates to a container for medical use produced from a polyolefin material. More

particularly, Nakamura relates to a medical container produced from an ethylene-

vinyl acetate (EVA) copolymer containing 10 to 35 weight percent of vinyl acetate



Whi'l e the invention is susceptible of enbodinent in many different forns,

there is shown in the draw ngs and will herein be described in detai

preferred enbodi nents of the invention with the understandi ng that -tgeAPR 20,03
present disclosure is to be considered as an exenplification of the

principles of the invention and is not intgnded to limt the broad aspect

of the invention to the enbodinents illustrated. |I. Radiation Mdified
Pol ynmeri c Medi cal Tubing Figure | shows tubing structure 10 having a
sidewal | 12. Preferably the tubing sidewall is fabricated froma polyneric

material of an ethyl ene copol ynerized with conononers selected fromthe
group consisting of |lower alkyl olefins, and | ower al kyl and | ower al kene
substituted carboxylic acids and ester and anhydride derivatives thereof.
Preferably, thecressrlinkediusingcargelesieanebdappsapplipd ot 3G kG BUchackisvbeRry | i c

aci ds thereforegncl I I he. id a Vi i The
term”lower al E%kgmgﬂgm%fg%gg %%ggfmf%ﬁ@yr%é’n QP%ICT ﬂg(flltjjjdgl g @é?@o&h?,hai n
havi ng from 3- 1QaeAslI9essdiifleedroeha tiidddntainck@amRsthsrasd tepipefatiradteychdd 8
carbons. Preferabl'y, the tubing is an ethylene and vinyl acetate copol yners

havi ng a vi nyl duegstcamstantlieation fHaveaysr, thraasultieghigiBgelconteniail iematerial e
ferably | th t ,33%.by.. wei ght t. preferably | th

Daual 1o about couty MBRbIRE of pijalonPeiefiihe BBk BaF PR eoRTR A8 a b g

nol ecul ar wei ghhugngle amaRkihl bf ofe | RAlGxRE dBRBEMECRaPInATMELRBR 8f Less

than 5.0 g/10 mnutes, nore preferably |l ess than about 1.0 g/10 m nutes and
most pr ef er abl ycohegdiondlas¢and. 8 g110 ni nutes or any range or conbi nati on of

ranges therein. It may_.al so, be desirabl e blend into. . the tubin terial
Cortain amounts of a bPUI H SGTHEORORTYS TUR Sy EOPSRIIRGI ar |y
homopol yrer s ang sCPREtoNEE 55691128 ldpafsed £EHIBEne-FEERRIANRD HERg TBYeP

bl ended into the tubing material in an ambunt from S%'to abou% 95% by

wei ght of the thabinggnismethaimoplbkic Eyphbaviged Yiosngiminodolus fiom dhoah2 20 t 0

about 20 carbon, atons or any range or conbingtion of ranges therein.

Al pha-ol ef i ns c?@ﬁl“aq(m’ﬁ)é aﬂ‘ﬂcﬁ’i‘\ cgltgrolaggc}mvmgoa %09“335 K‘Igﬂ‘ﬂ?ﬁ/% cqual LB dh at ons

are nore prefer : dihe & 1o RALY BEAS i : ri xgmol ef i ns

such as et hyl enaqe)fglgtgreg%ﬁﬁg%e@ }zghﬁé éellr?llg, 81- gﬁtﬁt lel{rlllgﬁngené§ﬁy%\{%gag)r%tg g]r%’e,

| oct ene, |- decdime,8).4Thet hytler layhercporedip pmvidastowghntssr o abfastonoredstamer e of

t hese ol efins. Exanples g%4§ rticular]ébuseful ol efin polyners include
g%an

et hyl ene- but endCebpofiFHe OWPYRY| WHROU SRFCH BERFFESHNS C@B%IP%@F@%

et hyl ene and oc - i il L r. : - | ow
densi typol yet hul Gat 4 BPRRLTFGRhEhppathe Wi ELATRRGIh Dufips bl B¢ P
equal to or belBawter'sFLD-GARIB®and preferably are produced using netall ocene
catal yst systens. Such _catalysts are said to he "single site" catalysts

because they have a si Hefirefors tthe negel | xisth dore msdicab Anting Injodised Eare it

catal yst positi : i [ . . which are
known to have #ﬁﬁ?ﬁ%?gﬁggﬁg ?@?%LQﬁ?ﬁgﬁggu5ﬁhﬁé%§ﬁﬁ%%§ﬁ%ﬁ%%k%%%%gﬁgéthyIene
a-ol efins are fP¥duatenuls withent thbehiticadéphwtciAlrsl Nl TY and by Dupont - Dow
under the trade nane ENGAGE, and by Exxon under the tradenanme EXACT. It may
be desirable to add a radiation sensitive additive to the tubing materi al
that is responsive to exposure to radiation such as ganma rays, electron
beam wultra-violet light, visible light or other ionizing energy sources.
Sui tabl e radi ati on sensitive additives include organic peroxides such as

di cunyl peroxide (D Cup) and other free radical generating conpounds. O her
free-radical sensitive functional groups include acrylate, acid, dines and
their copolynmers and terpol nyers, am de, am ne, silane, urethane, hydroyxl,
epoxy, ester, pyrolidone, acetate, carbon nonoxide, ketone, im dazoline,
photo and Winitiators, fluoroconpounds, etc. These functional groups may
he in polymeric and non-pol ymeric conpounds. More particularly suitable
additives include ethylene vinyl acetate, ethylene nethyl acrylate (EMA),
ethylene acrylic acid (EAA), fatty am des, |ow viscosity functionalized and
non-functional i zed styrene-butadi ene copol yners and their hydrogenated
derivatives, functionaiized and non-functionalized pol ybutadi ene,

pol yi soprene, ethyl ene propyl ene di ne nononer terpolyner, poiybutene,

uret hane acryl ate, epoxy acrylate, photoinitiators, etc. Even nore -~ 9
APR 20A3 13 particularly the additives include | ow viscosity functionalized
ultra-1ow density pol yethyl ene, functionalized wi th epoxys, carboxylic
acids and their ester and anhydride derivatives, A-C polyners by Alied
Signal, SRICN and Esacure products from Sartoner, functionalized fatty
products from Akzo Nobel and Henkel, photoinitiators from C ba-Cei gy,
fluoro conpounds from3 M EVA from DuPont, EAA from Dow Chem cal and EMA

a ~ o -, .



9 APR 2003 1S I1l. Method of Fabricating Medical Tubing The nedical tubings
"10 of the present invention should have an i nner dianmeter di me_na/: &IPRI 2m3 ’
the range of 0.003-0.4 inches, and an outer dianeter dinmension i tHi

range of 0.12-0.50 inches. Mre particularly, nmedical tubing for use in the
adm nistration of fluid using a nedical infusion punp, such as Baxter

i nfusion punp sold under the tradename FLO CARD, and COLLEAGUE, have an
inner dianeter within the range of 0.099-0. | OGS inches, an outer dianeter
wi thin the range THe fred@t-ifkehfién biovides a nfethéd ﬁ)rg?édarihﬁ!a%@tﬁézﬁ t¥Bindiop the
range of 0.018-Q,021 in heg. . The tubing shoul d be flexible having a nodul us
of el asti ci tYpedyith 2pump ko administeranepsuredaipeunds ef a banecial dyis avestimedo 000,
even nore prepicAbiompihsy mggfbp@,Q)f;OOO and nost preferably | ess than 4, 000
psi, or any range | i r t.h i | V. Met hod of Heat
Setting and Ori ent%éﬁ?ﬁg“l {F’g@igﬁlgv%taifg%g? ?,Seﬁﬁdﬁgg?"é&?cgra'é%i rable for the
t ubi ng 10 t o doasistineof cityletcdngnipotyrhangid etiyiea capolPmeRdwisleid N this

di mensi on usi Rg heat. This orientation step increases the yield strength of
the tubing i Ah¢ FRPAYREYS of athiispe gicraacthybencrpenasesy copalyoieniged Witht endency f or
the tubing t ' f re-orienting of . the tubing

i ncreases thg1t %ggﬁ%sﬁq%%@g%eg&tgﬁcrtﬁgr%ﬁgg ?"Hg.cgib?‘ge‘fr@r%ldf’gf’f ?lﬁgpt ubi ng 10
shoul d be or iotafired I@gertaligl eith® of Bickibokviidwmed ashBuwevhREendeanBtgrs of the
tubi ng are anywhere fraom 10% 300% greater than the dianmeter of the tubing
10 after ori érﬁ’?fh‘?@y%w%héI%V%ﬁﬁiﬁgﬁl@'oﬁﬁbwgm@aliﬂ(bl%'aﬁ@nhirsiﬁ pref erably
from 309400% ther include all conbinations and : _
subconbi nat.i-ogar\lr-smg?’%Fg%ggga}t?{%?’ei n. The ratio of the beginning dianeter to
the di aneter aft eimpiovingtfluig dslatry advrdcgloeér widde bOthaSubRE bYr i entation ratio.

The orientation process may be a wet orientation process or a dry one as
set forth bePHRsng the ding Brgiilizadendsraes of radisties ehfrani awusdSof t he net hod

of orientingd gyt &'@h@gs A iianu?mgﬁitécvu?r{cﬂlﬁ@[toﬁmeod%ia%&%ggg serbilidTEL hod of wet

orienting includes the steps o gatu and ori-enting the

t ubi ng i 0 al ohijtive t© thotpirtggdindhal axis so that the tubing 10 has a desired

i nner and outer dianeter, bcgsﬁ 56 Sﬁgci fied above in Section Ill, and
orientation rati oPUPing {ufbibrouph dhe §hinsoyidh HEiPSAY ng step ali gns t he

nol ecul es of the tubing along the longitudinal axis to increase the

resi stance to i %&P ; i r } t ubi ng
10 is then hea’?ﬁgéé ‘%tggmﬁgged?ghs riﬁ%glgggggh%ﬁga?ﬁb?rﬁgémhﬁg%ﬂ @?’ﬁe t ubi ng
in the orifenveswiih revsirote. admisiste Faagureg amgtindholapenriicial dpidgver imper ed or

mul til ayergd)ndisnPirmsitliddhe stipsept i on indicated by arrows 34 along a
conti nuous p tdﬁ ?ﬁ?t ﬁrr%ild;e referred to as a line. The term"g&-rl I ne" shal l
T

refer to | ocatisAddiapsniuiliryerechivbing Raving 2 Hist Kiyebppa S $eeoPHd Btion to

|t he I! OW st lf[aﬁert BPlaA%eBRenEaRYRIRE! Yopdyiterzetmyitid anehétnene shaldmeref er to
ocations i n

e direction of the flow of e tubing. By using.the term
"line" it selstadifremiihg row Gamisting4f lower f’r‘%\k/‘h%‘iiefﬁ..é}tasa OXYIG %‘Hé G in a
strai ght lih& alkétd Eifterstof Shaibskyhe atia ke (6Wermnaian ahtidhe dvermaliidnedsach carri ed
out I1n a sequence of consecutive s

teps. hown in Fi 3, tubing 10 i
For med w THarca or (1R0985, esacabi /o551 Ay ate A ropprndlg o0 0 'S

pr ef er abl yidiaselath0 W sesirinBy&T bekidraRpbsyY édtrsenitichily WRhihrtheniitél%aydh 0%
greater than after orientin nor e

g and, preferably fro 0%.120% and nost
pr ef er abl PN hewingoaancgubs g edasticity grraterdbamg r@@éﬁiﬂgs ﬂg]?ééﬁc'%’r?fnq’? ﬁiésqext ruder
36 with algy'ef;st puller 37, a second puller 38, a third puller 39, and a
fourth pull’ey 40. The di ameter of the tubing at éhe f r'i{ %(ull%@?, when
the tubing is impPevingl fuid seliyasy agpuacy guer Wigqf dhe (uping bynexhoging; 5P
di anet er .« il Efiizhlion osad® AMddoay fAY @bausHb! OIS (@ysy ahber
coating to ircrease the coefficient of friction with the tubing 32. The
second an@uingingdiuiihrewah e tebipg wih 3 PYBRe a plurality of axially spaced
and circunferentially extendi ng grooves to accomodate nore than one set of

tubing 32 on a surface of the pulleys 38 and 39 at a tinme. After exiting
the extruder 3&het peesenbi hgersipn witles peovidesa andiwidndeliveBeiyskm t ©h phase,
passes th @l i t CHNR N 20 d wth
air or a %?@Ell%égm@re %aarsgjg%y,a l@ﬂ’lf Fbrf ga'} b\gggﬁcﬁﬂgh@gt %%ilﬁrgtg \%\tfatE gﬁgrﬁat h at
- 9 APR 2t@Bprsingt tenperature within the range of 4 C-45 C. The tubing
shoul d 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 puller 37 to
achieve the desired orientation ratio. It is believed that orienting the
tubing while in the solid state is nore effective in achieving an oriented

- . B Y T



- 9 ~4PR 2003 18 and through a heating bath 44 where the tubi ng.i%(éff& 003\
set.” Preferably, the heat bath 44 is positioned above the second i 92
bath 43 to save fl oor 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 node process.
During the heat setting step 45, the tubifm 10 is passed through a heating
bath 44 where the tubing 10 is heated with a nedium such as heated air or

| i quid. The heating bath 44 preferably is an aqueous solution of water at a
t enper ature of bettubisg baxdog 58ided] witho firstdayatusetectes! Font theagrawg added to

t he aqueous solution, |n order to, control the dimension of the tybing, it
5 doal 1 abi EOTSHMIEGlecthplsnn domepabinGE 64 cHikag Bop yiRprEnwhaely Gt ting

step 45. Fa .S I n. L he tubi . kept 1.l t ensi on
to keep theéqlkgbﬁgwﬁgﬁgﬂ?éoﬁct ﬁg‘y{gg%%%b?&gﬁ%hgﬁpgg&laﬁl %\%Bgﬁ%%@g%f&ai? anount ,
bet ween t hefrsRC@BAdNH ddiiskstinP Wi B&er 3fkyR BT havRgPiieNEBL100Earbems," Ol t he

shrinkage. Thus, the second and third pullets 38 and 39 shoul d be operated
at simlar lopeeddkydregens-of ad@arbagit add ofier latwed alitylahsding Hiom 3H16wer speed
than pullet 38 to accommpdat e sonme-shrinkage. To further rggggt_ orienting

of the tubi§igbons. pad loweemalkene esters o acaplioxghic agid. the laypr ViEsi rabl e

l
to support i 1 i Q. : t bath 44
wth gpsup éﬁ%y%s&{&% sﬁl@vpa%?v\na%\@“uﬂﬁﬂ%ﬁ# f)ﬁéeséu ofii’ii{’g'&structure
47 i's opt | GHANeS S, t ZBHdne fuias 14rihsT Soiphu 25 RISt RICERIGAUE, or  nat
moves at t,ldis_ps@azgﬁthgﬁtm ﬁﬁmaademanﬁh%éreihimgte}mzéﬂ?md&ad?ﬁ freat i ng I
. setting secfi : 0 upporting stru e i ast or neta
conduitg ha@bﬂ@%%?%‘&t&%ﬁgﬁ e%‘éﬁ’%éqf%%?ﬁ "E'QIE‘? ﬁﬂgﬂﬁﬂ%ﬁ’é‘f% t he
tubing 10 délivenppciurgsy &thbheblngit eri or surface of the conduit. After
exiting the heating bath 44, the tubing 10 extends beriveen the third

pull et 39 and t I o Puled et shou be -operated aj a
simlar speed Q?ﬁ Sﬁ‘?ﬁt"é@%?,rg{”%r&éﬁ}‘gr{f‘ Yé;/hugﬁéj\/{%«?dés%gnh@g f%"’%‘r"e%‘ﬁ?mf t her
ori ent at i opdmifigienhimeastted sarpawde bf ag dienclidialofligt ovee #eedodacpstisnbtg bat h
43. O Coubﬁrﬁpﬁéin&:s 9 APR2U03 19 possible to provide for a sepaxate
cooling bath, “but” this arrangenent saves floor space. It may al so be
desir-abl e to pr dviufdng Jraving a i AQYGIOSJ%‘%Q@H‘S eFRup| _@H&XW@WS@{ passes

t hr ough th%ﬂﬁg i i 4 i Lgure.-3ato
provi de for %enlgﬁﬂn%g%%?% %Ed E‘g‘g%"%lﬁg"‘g%‘?%‘é F@%fcz‘gﬁlan&a&ﬁ?#a - amount  of
space. Thi stityfsnchee aacahplcns meshomer populydierigedwith Wit dbdst vnefmewagad rol l ers

49 to define a serpentine pattern through the heating_ bath 44 or_ cooling
bath 43. Tselpsted &om e sroup; spsisgrg OR{osr Wl olefs digiinggfrom 3 te. Ifny be

necessary I 1Lt 3 t i r.glightly

ol oner 1 ot SASPREIBLE: bkt bRkl it PG Ao B Ptk RRARE ot 3; 01

pul I ey 40, td 1@ chibobsgadib fovest dkdmendsads Of areilekylinacigpdacowehafittgls a cutter
or spoal *Halig et B30l H0LABHE . a e t&lﬂn%ﬁﬁtrép%lﬁgﬁéiﬁ@% dgpgph fly

wr apped about the spool for storage or shipnment. Figure’3b shows a dry

ori ent at i okaypr owwesially Wisposkd witiin &t st leyerpthecesend layeuhavinghanost
respects t ' r | tion that the
tubi g 10 Tocfis bl KBl o DALY dadicfly BRMEBAXRRE, Lo ey 37

is operated at a speed greater than pulley 37. During the dry orientation
step 42, the tubi pgmpOcoupledito Ll tdringe daridnwhbreing g séerilizaion lagazaefi s t he
case in the wet orientatjon 42. In t dry orientation.pr,0GeSS,

pul | eys 38 Iadiation, af foonn ghpyut ﬁﬁ&ﬁﬁt‘hﬁb%‘tﬂg&ég@)i\#l W%Bcﬁgﬁet han
pul |l ey 37a, (Notw t angi. t i ffe F‘S%éﬁ@ exiWRier2Rge t he dry
orientati orﬂu%cge[gg,ﬁ{e’l @f@&e@?ﬁ@%ﬁg a{ﬂréﬁlqt&ﬁzl ubi ng@j{'{sd]orl_er?tr’e while in
the solid slitdn tYe td6Thpas cobldirtbacidid stateitb Rlcfidiandnilal dignstbicambur se of
medi cal device manufacturing, nost nedical devices have to be sterilized.
Radi at i on sicar ilei tubfiigots istretchpd dfier itdctieat hiode Shongitudinablaxis of thas been
found in this investigation that by exposing the tuhi to standard
sterilizat ﬂﬁm&@s‘k@w&ioﬁm&mﬁwﬁwiﬁ&%ﬁﬂ&ﬂp@ﬁ'g ek neasured by
accuracy of fluid dosage delivery was inproved. As shown in Figures 7a and
7b, - 9 APB 2003 20 punp accuracy increased with increasing dosages of
e-beamradiation (Fig. 7a) and ganma radi ation (Fig. 7b}. As shown in
Figures 8a and 8b, it was also found that the nodulus of elasticity of the
tubing, line 80, decreased with increasing dosages of e-beam (Fig. 8a) and
ganmma radi ati on dosages (8b). It was surprising that these decreases in

nodul us were not acconpanied by a significant decrease in yield strength of
the tubing as indicated by Iine 82.




Sterilization radiation is typically earned out at nuch | ower doses of

radi ati on than are used to crass-link polyners. The typical nagnitude of

such sterilization radiation is on the order of about 25 keys, bu-tgcﬁrPR 2003
sonetines be as | ow as 15 keys. 1 n some instances, although not

necessarily, exposing the tubing to radiation sterilization results in a
nmeasur abl e change in gel content of the tubing. Gel content indicates the
percentage of the weight of insolubles toyghe weight of the tubing

material. This definition is based on the well-accepted principle that
cross-linked polynmer materials are not dissol vable. However, signif cant

gel content such as about 50% renders the material a thernoset. Such

t hernosets are undeS|r medi cal usages as they are not capabl e of
recycling using st Bnd cﬁ'%c%‘l’l r’?@esteé’&hﬂﬂvﬁﬂ Proviassi norbetiPdt ®fnot e t hat

it i's possi b|rﬁaﬁt§fa@t&ﬁﬁ§€tubm | 08 Use W?tﬁra'ﬂtﬁﬁé'f@ﬁ a@ﬁﬁﬁ%ﬁn@fméaﬁjréa' on and
achi eve enhanced t ubi ng For mance Wit h nps W t hout obsServin

changes in t Nt 0&6@!38%@0'%1'7”@%’8( timerds a Pﬁ‘!@"tnﬂlﬁ feathoshmmp@smqm t he
present invenggnorexhibits a gel content preferably ranging from0%to
49.9% nore preferably 0%to 45% and_nost preferably 0%to 40% or any
range or conbi natirevidsig a pebuseric matgrial s ﬂeééérfg&m;ﬁhetgieun @bnﬁﬁlﬂgsoﬁxposed

or ot or abl y RN Ranasiayet auiie iR el jidsite BoimRlGE "or “any

range or CORBiyicHel &3 S chgl&%smbﬂﬁfl@ﬂ Bopolyhibiized: Qith 4 WhbrtanekUscliRhdd i NS 11

t hernopl astic 9 APR z0a3 21 characteristics and can be reprocessed or
recycl ed usiﬁmghagdmpdwmmmglofgomchlk}qlm@ﬁnsﬁmmngfmmdcgo aboutadi8so be
i nproved after even Iogﬁc& doses of radiatii on, when ver m nut e anmounts ofthe

radi ati on- s #dPRFJAWEH 19@%%‘@%%@% thé}“@lﬁeﬁ’%lg*yrrerl c

t I { I t
" tubi ng’ plf 18 RHRLE Rk RBies el dPetiol s B Hientitrde’ st ke Lo Garo
6201 is a sk fRIHTB D92 barBdRC tHOPRGRAE ﬁﬁk@ﬂﬂ%ﬁbﬁg%ﬁggﬁgﬁg

peristaltic, intravenous, infusion device. . .The punp i's
with standaﬂﬂlﬂm@anmboa&/%ﬂ(gﬁkommg that conforns to Baxter

speci fi cati eRgudid§ah® Yayrhag %al?érla”ﬁﬁtM 4 |tt9Mhdi @Iaemgh@gﬁstf R98n lana?a | 9;3;3 o
[im W e

mLl hr. The secondary ra

the sane as SPHY ?Y%Eﬁ%c?%ff'%a“vldrﬁﬂosewtblﬁ tﬁ%gfs”aé’eT Mf@ra" q”ﬁ%i@f bl e vol une
for both second 9 as the
capability of o%éérﬁa ﬁlgeoﬁb@ gm\j!\[nﬁggtﬁggrﬁfré?&otgfggt%g% f‘i@d@ﬂ@%ﬁﬁl stration
set s i ncl udliifid-dikastee; sets, filter sets, CO\ITl NU- FLO, and BURETRCL sets.
The punp accuracy shoul d be within ~ 10%for any flowrate setting during

24 hours of coniteiching hepingin Asalid HWW@WW@QW&?FW‘SM As
depi ct ed '&l?&%ﬁfﬂ%’mltﬂf xbﬁﬁda series of eight "fingers." The fingers

provi de posi ssure 10 sqﬂeeze fluid out of the punp segnent for

delivery to theuﬂ;]ﬁb'v ﬂuﬂf@hee-?mccﬁmg@var tni¢cofufc alsing Oyrexpbsiggquence and

performa peristaltic infusion nction. During this process, the tubing
under goes ﬂ@ﬁ@wﬂgﬂweS&yﬁﬂﬁﬁomefGMM%Kmdﬁéﬂ“hﬁ@ﬂﬁé¢éﬁﬁ@9uﬂ@5hﬁyscause

per manent deformation in the tubing geonetry. (See Figures Sb and Sc). This
per manent deformation (See Figures 6 and 7) leads to a volunetric reduction
in the tubing which, in turn, causes an under-delivery of fluid to the
patient. Such phenonenon is generally referred to as "punp fall-off." The
Exanpl es below wi Il show that the tubing ofthepresent invention had |ess
change in flowrate over a 72 hour period when conpared to non " 9 APR
Z003 22 radiation sterilized tubing and existing PVC nedi cal tubing.
Illustrative, nonlimting exanples of the present tubings are set out

bel ow. Nunerous other exanples can readily be envisioned in light of the
gui di ngpri nci pl es and teachi ngs contai ned herein. The exanpl es given herein
are intended to illustrate the invention and not in any sense to limt the
manner in which the invention can be practiced. 9 APR 2003 23 VI.
Exanpl es Sterilization Radiation Exanpl es Experinments on fluid delivery
accuracy with el ectronechani cal punps, gel content and relaxation tinme were
conducted to characterize the properties of the irradi ated tubing. Gel.
content was determ ned by solvent extraction. The tubing sanples were
extracted by refluxing in a Soxhlet extractor with 150 nmesh stainl ess steel
screen and 250 nL of xylene during 6 to 8 hours, sufficient for a conplete
extraction of soluble polyolefin materials. The residual materials in the
screen were dried under vacuumto a constant wei ght which was used to

cal cul ate gel content: Gel /a = [weight of residual/weight of sanple] x
IOO%)ReIaxatlon time (i.e., the tlne for force to decay to IIe (36 89@ of

R ] N T T Y o, I Y T

gﬁtg oper at e



1. Exanple 1 - ~ a~ ~o00 Separate tubings fabricated from 100% et hyl ene
vinyl acetate (EVA) {DuPont ELVAX) and a bl end of EVA and Et honeen 0l 15
(0.23 by weight) {Akzo Nobel Chemi cal Conpany) were irradiatec§t ARRi 2083
| evel s of radiation. The node of radiation provided was cobalt-60 ganmna.
Each | ength of tubing was then used in conjunction with a Flo-Gard 620l
nmedi cal i nfusion punp sold by Baxter Healthcare Corporation as described in
detail above. The change in flow rate of the punp through the tubing was
measured after 72 hours of continuous usage. The Flo-Gard 620l is a single
punp head, el ectromechanical, positi&e pressure, peristaltic, intravenous,
i nfusi on device. The punp is designed to operate with standard PVC
i ntravenous tubing That conforns to Baxter specifications. The punp has a
primary flow rate range toml to 1999 nLl hr. Infusible volume for both
secondary and primary nodes is | to 9999 nL. This punp is with a capability
of operating with a wide variety of standard adm nistration sets including:
basic sets, f lter semspre@‘amriwauﬁdﬂmgherpf@ic&gaﬁidhalay&eﬁtﬁn%a&hﬂm@ accuracy
should be withint | Obwfor any flow rate setting during 24 hours of
conti nuous sefnylcacetatd mdmeré%ms ehopadl totstertlizatiprnsdasagesofgedipéeretd i n Fi gure
4, the punp has a series of eight."fingets,".The fingers proyide positive
ot esour 6 o SAUEREPIR OISy T bieBti endonire wEridhE RN e
patient. The ighigb! Ki 4 pEeN%d FRUELY baipthas AVbutkilay dfaRFRnVIdyIPREfRA M a
peristaltic infusion function. During this process, the tublng undergoes
repetitive cyodiasintef byerof homspalpnens ardeopolyarersofigiphacdefing. Prsforairipgnt
deformation ipn th ubi eonet See Fi,qur.es and .Sa).. Thi s per manent
_ deformation @oﬁpﬁxﬁpi@%&%@? éé%lEVgafﬁlgesf ‘Qf’df‘%ﬁ’@%]rqf@‘")rl@’a?fgﬁ%n in the
tubing which, in turThe GRAUASFraNubRE Bl £8) hai(R pYealtl tHoh ¥ 19ErsRUSPad al | - Of f .
If the material used to nake the tubing does not have simlar elastic and
creep resi st dhwee lgreop Flteimgtilayersd tubdngs willGavearepiterd layas) et tayedafdr mat i on
-9 APR 2003 25.coul.d occur. This_.el evated deformation of the tubi ng would
cause great ePldRRREIAYEE| ?/feFF‘i oterdayer f9 softer hppohasa % to PVC
tubi ng. Punp : with increasing |evels of
cobal t - 60 ga%lﬁgya%ﬁﬁ%g&g{egfﬂgﬁfgﬁ ce?[ of radiation and change in fluid
delivery for Exanple 1 are set forth below in Tabie 1. - 9 APB 2Q03 26
TABLE | Sanpl eCnpCobal t-60Punp Fall Of %W thin Limt of Nunber Ganma, keys~
10% 7-960604Ai 00% EVAO-1 ! 3Nol7-960919BEVA/ 0. 23%
S- 8. 38YesEt honmeenl7- 961408CEVALO. 239%25. 4- 7. 06YesEt honeenl17- 961212E100%
EVA34. 2-5. 67Yes17- 960827AEVA/ 0. 23%58. 1- G 75YesEt honeen 2. Exanple 2
Separ at e nonol ayer tubings manufactured froma blend of 95% EVA and 5%
ULDPE and were treated with different anounts of a preconpounded additive,
di cunyl peroxide {D Cup). The tubings were then irradiated with escal ati ng
doses of cobalt-60 gamma radiation. Finally, the tubings were placed in a
FLO- GARD 620l i nfusion punp, and the percent change in flow rate delivered
t hrough the tubings was neasured. The |evel of additive, the radiation
dosage, and correspondi ng change in punp perfornmance is set forth belowin
Tabl e 2.



TABLE 2 Sanpl e NoConposi ti onCobal t-60PunmpW t hi nGanmma, keysFall-OfLtmt of
f10% 7- 960813E95% EVA/ 5925 4-6 13YcsLJLDPElI O D25 Di Cupl7-9b0813F95%

EVA/ S¥%25 4-5.32YesULDPE/ 0 0SO D~Cup - 9 APR 20U3 27 3. Exanple IerPR 2003
Exanpl e 3, tubing manufactured primarily of EVA was irradiated wt

di fferent doses of radiation provided by g ectron beam Table 3 set forth
bel ow shows the change in punp accuracy at different |evels of electron
beam radi ati on dosage. TAB LE 3 Sanpl e #Conpositi onEl ectron Beam keysPunp
Fall -OfWthin Limt oft 10% 7.96064Ai 00% EVAO-i 1.3Nol7-960828AEVA/ 0. 23%
Et honeenl S. . b. 68Yes17- 960828AEVA/ 0. 23% Et homeen25- 4. 8GYes17- 960814C100%
EVA50- 4. 14Ycs~~ | 7-960604A1 00% EVAI 00- 2. 95Yes17- 960604A100% EVA200- 2. 26Yes
4. Exanple 4 In Exarrple G tubing manufactured primarily of EVA was

i rradi ated wi t [Braifffesery dd sleesDwingsdi at i on provi ded by Cobal t-60 Gamma
radi ation. Table 4 set forth bel ow shows the change jn accuracy at
different levels of CoB4td 18(?“ qassaReriay g’%% T‘%Bﬁngyﬁr ﬁ

Nunber Conposi t i eysPunp Fall O‘f 17- QGOGO4A100% EVAO- |
1.i317-960919E P@%&fg%gc %8&15 8. 38l 7- 961008CEVA | 0 23% Et honeen25
4-7.0GL7-961212E1Q0% %ﬂish&nﬁ?écﬂc%@%&?ﬁ%ndw Of 2auttElayered euthilg 4F 6 75

- 9 APR -2~ 28 5.  Exanple 5 In Exanple 5, the gel content present in tubing
manuf act ur ed ptheiarentiPnof EVA was neasured after the tubing were irradiated

at progressively |argeg ofnl ?&m i ent
i ncreased appreci ably agove?%ad'{ ggﬁéfrgssgsga I on ﬁa& %ﬁlgggbéeg%% ation,

it was | earnedof thatingstiog,ont ent coul d

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. 5ais a cross-sectional view of a polymeric tubing during a down-
stroke in a pumping operation;

Fig. 5b is a cross-sectional view of a polymeric tubing prior to multiple
compressions by a pump;

Fig. 5c is a cross-sectional view of a polymeric tubing after multiple
compressions with a pump;

Fig. 6 15 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.



be held to inperceptible | evels. However, the relaxation tinme for these
tubing sanples still increased. Thus, nmaintaining the tubing as a ,
t hernopl astic rather than a thernoset. TABLE 5 Sanpl e #Conposi tierg:oAPlR ma
Gamma, keysRel axation time, sec.CGe! Content ii 7-960604AEVA01020t

7- 960919BEVA/ 0. 23% Et homeen15106017- 961008GCEVAI 0. 23% Et honeen25. 41
16017-961212EEVA34. 2130717-960827AEVAL10. 23% Et honmeen58. 112838 6. Exanple 6
Thi s exanpl e shows that addition of very small anounts of dicutnyl '

per oxi de can increase gel content at the same cobalt-60 gamra radi ation

| evel . The results are set forth below in Table 6. - 9 APR 203 29 TABLE 6
Sanpl e ~Conpositi onCobalt-60 Ganma, keysGCel

Cont ent 17- 960813E95/ EVA! S%9d. 31ULDREJQ. 025% " ¢ th ion b

Di Cup17- 960813E95%EVA/ ¥ 5o BUE pRecd) Jspiesentation of the correlation between

i Qup! 7- 960B13EAGHAYALPYalHHY dnklsPHE/ roAZR il Cauping: ol BRI AT rakifheibirarl e
7, five sanples conprising primarily EVA"were irfadiated wth five

di fferent | eveldosadesel ectron beamradi ati on. The gel content present in
each sanpl e was neasurgd sybsequent .tq the radjati sterilization process.
H gher gel contents we?@ séqr@eﬂfaiggcthépfﬁéﬂﬁt%{ﬁnoﬁpggsﬁﬁ%el?%g%‘é"é&‘? Tabl e
7 summarizes t ,ﬁ@g i : i ; I R4S

Nunber Conposi t it}gcr)l&E ectﬁegaﬁggé}aén%de%éeég %?&ﬁ With v%%gg dition dosages.

Cont ent, 17- 960604AEVA0017- 960828AEVA | 0. 23%

Et honmeen150. b517- 960814CEVA5063I 7- 960604AEVA100787- 960604AEVA20087 -9
APP 203 30 8. Exanple 8 In Exanple 8, relaxation tine was neasured as a
function of cobalt-60



gamma radi ati on dosage. Here, five tubing sanples conprising mainly EFTA

were irradiated with five different | evels of cobalt-60 gamma radiation.

The relaxation tine was neasured for each sanple. This experi nent-ge\ﬁggaﬁ
that relaxation tinme can be increased by normal doses of cobalt-60%g 003
sterilization radiation. it can be seen adlrelaxation tine increases, punp
fall-of f deceases, and, therefore, punp accuracy increases. The results of
this experinment are set forth in Table 9. TABLE 9 Sanpl e

Nunber Conposi t i onCobal t - 60Rel axat i onPunpGamma, keysTi ne,

SecFal | OFf)17- 960604AEVAOt 02- 11.1317- 96091 98EVA /

0. 23% 5t OG 8. 38Et honeenl 7- 961008CEVA / 0. 23%25. 41 16-7

O6Et honeent 7- 96%21§E5§A34 21 30-5.6717-960827AEVA |

0. 23%8. 1128-6. tiep Exanple 9 Relaxation tinme was al so neasured
as a function of additigs6d BYSlvedfish SR&ebati of &Hb i8R i ; e 10

shows that the addition o)f veryvesrlmI’Ig arrgémtsoo%g%ﬁurry lqg‘?ar x?lggpeﬂgd

i ncreased r el axfathgnhérerieshasn o theadradtings andmill derdiabe rigsdribedr inl duysl s of

di cunyl peroxide after the sanples ~.vere irradiated with identical doses
of cobal t-60 gaweisred empedimenise theavertiopwith the undexgipnding thag thepagsept 10

S SR L D PSS (e s ot
Di Cupl17- 960813 ER&HEYAaBI@S ndlifitthddd ORI tRBroad aspect of the invention to the

Di Cupl7-960813E95%VA/ S/ 58. 1178ULDPE10. 025% Di Cup 10. Exanple 10 The
rel ati onshi p bembodinends Blwatrateth time and i ncreased doses of el ectron beam

radiation is sunmari zefl #Qgi'[l%%m&&lgefi,é]ly&#ﬁcrmuﬁgﬂgé@éngorrposed primarily

of EVA were irradi ateda X1 easl ng arger f el ectron beam

radiation. As the radi pipuR @R&PIRbLINGGIEAERA 0 hatiha¥3idetallitizNMPrdfBabRased.
The increase in relaxation tine associated with the increase in electron

beam r adi at i on theasubing lsidgweR tie rfabrivatedt fiiem | anpelemenc irpateria! aodaen ethytlenee
associated with simlar Jevels of cobalt-6 a radi ation. e Table
11.) -9 APR QSB%‘Y@?“%TYEEF"V‘O%%{H%'F é‘elﬁﬂﬁgggﬁo%%?‘iﬁ %%‘éi%&%&’ﬁ%‘éram

keysRel axat i on 4ikyl olefins, and lower alkyl and lower alkene substituted carboxylic acids and

D

ester and anhydride derivatives thereof. Preferably, the carboxlic acids have from
3-10 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-1238 of less than 5.0 g/10
minutes, more preferably less than about 1.0 g/10 minutes and most preferably
less than 0.8 g/10 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 homopolymers
and copolymers of alpha-olefins. These additives may be blended into the tubing
material in an amount from 5% to about 95% by weight of the tubing material.
The alpha-olefins 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



Ti me, Secl7-960604AEVAOl 021 7- 9b0828AEVA | 0. 23% Et honeenl5l 1
f17-960828AEVA | 0. 23% Et honmeen251 7317-960814C | EVA503 | G17-960604A

i EVA10079717- 960604AEVA2003000 Tubi ngs were constructed with the tm)an 2003 :

set forth in Table 12 and exposed to various dosages of gamma radiat

The nodul es of elasticity was neasured to determne the effects of

radi ati on on the nodul es of elasticity. The nodul es was neasured with an
Instron 4201 at roomtenperature (73 F/50% relative humdity) at a speed of
20 in/mn with a 2 inch gauge |ength. - 9 APR 2003 33 TABLE 12

Mat eri al Gamma Dosage ( KGYS) Mbdul usYi el dEVA CVb7b w et honeen

S- 15None3l 56760"1 9. 43080775" 28. 9275575838. 92540752EVA CVb76 W et honmeen

0. 1 5None3088791" 16. 224507832G 7219G/67-- _ 11, Exanple 11 In Exanple 11

mul tilayered tulserhgs alpensare mese pratorred. hbws the olefinpelangamay hederyed GvBr 6
(EVA) and an insj I \ 1, " _{ubing sanpl es
wer e exposed too\l/%qugﬁ%l? Oegﬁgéggéggggé%ﬁgﬁlﬁégol égﬁg’s“oﬂ%ﬁg ggené%r%’? orth in
Tabl es 13-14. Thgchtbi-decenves-ethiybsiededc) et neihixt@epat v bi prabt theBaxt er' s
FLO GARD 6201 punp (Table 13). The tubings were al so studied to determ ne

t he rel ati onshi pldfieswBsampleeoipagiquissituseihelcinpelymeroncladesshyleteryutone h

I ncreasi ng dosages .of Cobal t,- 60 radi ation _exposure. own i,n Tab |le 14,
ne e radi ati oRSEISREE T BAec R rEbmats BT ol REY e ek B b ng
decreased signi bé widHwifbk Yefarr&d to @8ilrs e aensity pbiethyleféstUs D@t h
(See al so Fi guresﬁgg’hand 8b} . -~ aPR 2003 3a TAB E?ghy

Sanpl eConposi t i SncobANPEBOhavgadensity of preferably equal to or below 0.910 g/cm? and

preferably are produced using metallocene catalyst systems. Such catalysts are

said to be "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, dienes and their copolymers and
terpolmyers, amide, amine, silane, urethane, hydroyxl, epoxy, ester, pyrolidone,
acetate, carbon monoxide, ketone, imidazoline, photo and UV initiators, fluoro-
compounds, etc. These functional groups may be in polymeric and non-polymeric
compounds. More particularly suitabie 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, functionalized and non-functionalized
polybutadiene, polyisoprene, ethylene propylene diene monomer terpolymer,

polybutene, urethane acrylate, epoxy acrylate, photoinitiators, etc. Even more



(keys) Sanpl e Size n=Punp Falloff (% change over tine)t 7-970821 ACM676] SVB
2S001-9.88Wth | $/ Et horeen 0-! 517-970924BCM6761SMB 40135.1 5-1. 76w g

15%t honeen 0-! 5(heated bath} TABLE 14 APR 20[]3
Sanpl eConposi ti onCobal t - 60Sanpl eMbdul usYi el dGanmmasi ze( psi ) ( psi )(keys) n=17-
80220BCMb761SMB401053631880wi t h 15%Et homelen 0- f 5( heat ed

bat h) 17- 980220BCVb76/ SMB40139. 852937832wi t h 1 5%t homeen 0- 15( heat ed

bat h) 17- 980220BCVb76/ SMB40148. 752875823wi t h 15%Et honeen 0- 15( heat ed bat h)

Whi | e specific enbodi nents have been illustrated and descri bed, nunerous

nodi fications are possible wi thout departing fromthe spirit of the

i nvention, and the scope of protection isonly limted by the scope of the

T A0 i O R Dl AT Sl B

beneficial fl wdlyQN@end, ifiRctioBaldzcRabitieBox§s dakboxNE atids afd &R &fer aR§OVi di ng
a tubing having a first layer selected fromthe group consisting of

et hyl ene horn)pmhydmdlts demicative yA dn@olyopass piredlied hgnad &Rﬂhé a@ddrgure | 7eCS OF
et hyl ene ~lr~ al |1 aqnor.l | e W ast one
nonomer sel ectlﬁﬁ %f‘hga‘g‘?lﬂﬁp Hgi‘@ﬁe&g’g@x é‘\'ﬂfét %“28 1@?‘1 L?“ | over al
hyl ester s OfHMFEhQQﬁWlat&% R @b@@bléﬁ‘fﬁ!)ro%xlﬁﬁ%d%%ﬁﬁﬁ BYAG @l bovylic
acrd, tilelo ower al kefic each have floor 3:T~ carbons, or

bl ends t| ~ei ~dbyPaontErodifrog Dew{ihdmiel awrbEMPaﬁ:mmC’cimyroo\md 1 Riayediofactic | e

t ubi b t he tybi U zai | f di at f f
ot 212”1 o P bl igne. Hom, papné‘mfae" RaBhroDp e et enEPioYant ari on
sensitive add't&;xﬁyﬁ}]&samar Qﬁ'rgxt'o?ta guﬁgmﬁé lggalea'ag&leﬁmghwubln ?

wtll the punp almlwl ing 1S an ethyl ene
vinyl acet at e peapdiene) ci 4hhm<raﬂiege,a WSI-anvdadanet ante acoeyctint polyenot enpre than
36/ c vinyl acetate by weight of the copolyr 3. The nmethod of .claim?2
wherei n the UéilCY@B}ﬁ’F@‘ﬁfheBF’nﬁ“I‘)ée@Pﬁ Oé’FFé'ef\ﬁtm@‘Ide%f‘é’@f “Ev(%’éﬂp%?ﬂ‘eqes from

oo 01 ROk 7 DAL Rl B gt
milltltes. EPDM. Suitable EPDM’s are sold under the tradenames NORDEL (Dupont
Chemical Company), VISTALON (Exxon), KELTAN (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 non-
polymeric 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;



- 9'AP.R 2003 36 5. The nethoc( of claim2 wherein the ethylene vinyl

acetate copolyner has a nelt flow index of |less than abotlC 1.0 g/10

m nutes. 6. The nethod of claim2 wherein the ethylene vinyl acetagesAPR 2003
copolymer has a nelt tlov~ index of |ess than about 0.80g /10 m nufes.” 7
~rhe method of claim | wherein the step of 1éxposing the tubing to
sterilization dosage of radiation conprises the seep of exposing the

tI1blng to a source of radiation selected fromthe group consisting of

gama | ays) ultra-notet rays, and electron beam8 Tlle nmethod of claiml
\W'llelein the step of 1)lowel|~" a tubm-; fultllel includes tile step) of
plo\ Iclln~r atublllg \vltll a second | a)~mconcentllcally disposed

Wileron tity vsayE¥fosphiits pifighidsooidoct M e o oflaofhét 1t * | |
greater than thenodifichtich 2iditBleaai alkb by agblyatee embilsiin or aylatior0 ' The net hod of

claim9 \vhelein the second layer IS selected frAd Il 1101110p01)'nlelS

al | 0 COpdylllel) 01" 1(Thypalanadditiyesshald be mchndedingn epmesry byoreightafighe 10
\vilel'elrl til cald.la)' el | [l dnle L~ Ity _ | yet h) ~l enc
12. The met hod %’fﬂ%%fgérl‘ aﬁgl?al\%l))r?@raeljloH%ﬁéia(olv(\)eérO/gI og%lpr&fegﬁag§ Qm 4%‘%’ | ower

al kene group have from Pighge gRERMESa multilafriiBbid hdvidg oliter 1dhee 1PEiInhad of

claiml1 wherein the first layer of the tubing further conprises a bl ending
resin of a pol yderedrild aod asotejayasfld n e dpsfepred derny, theamitenayend 2 pyd theicgret fr om

5-95 % . 14. The nethod of cl ai wher ein.t.he,bl endi ng resi,n .pol vol efin
copol ymer is anqa’etrﬁg-alr%wnﬂtghcg?‘{n?ﬁg%f%%IH?/tF’é?{é'pd_aL .ltwleﬁg‘g ﬁeé??{gbab(%?’ e%‘I’rai m 1
wherein the punppétubtmglfhte$iial ThCouldHiRd cdr® laybrs TRhAO 5 dPhothhePRbedd tEedi cal
tubing for use with a punp to adm ni ster neasured anounts of a benefici al

fluid over tine sameangatial@npne amhdrsiPueferabky the mper lgyerpdorisdlutign gontact

[til d tuki .havi first | d.l he first
Tayer of an et hyFeRd® aUROHL FORHTTORREITSE AnheoIPrer a5eihs pletiamdriel
sel ected fiomt efefa%ptrfeqﬁ%%yéwmoﬁ%y&wgﬁ isairmgyle?éh g&;folﬁﬁe@wﬁarawl ic

acid and | ower al kene "esters of” a carboxylic acid] ower al kyl” and the
| oner al kene eactefhimdmvingdmm 318 caabdisrsd ntonepstecabind frbaryeo HEarbarsmnd! yner s

and copol yners of al pha ol efi he, second . | ayer, bei_.ng di.sposed -
concenf ri zal ly \W?%P%r}?rﬁ@y f%%@iquyg)fefgrﬁgg’h%?%@r Ly %@gf‘ﬁ‘éf“&%?’a@f’?tci ty
greater titan ao@‘@%bHi%en%ﬁh@t'aﬁ‘éEéﬁ‘ab%f‘?ﬁigﬁaﬁﬁg frité §Eolh§é(r?é]éssih§'ﬂ’{r81‘fg}{‘9xef luid

del i very accuracy over tinme of the tubing by exposing the tubing to a
sterili.zati on dossge 16f Aladitlat ower leferf I2mimwalddiate 4 Biotlolud 5f kleyticityarfdegsunpi ng

(i tTu-oush e fuon i She ounp 7, Toe monor ol g g sherel
18. The method Qfyef! Ak Bohditieei&hs3-584 Ve SREMI Hon?GBIR0E and most
preferably from 90-98% of the total wall thickness or any range or combination
of ranges therein.

In a two-layered tubing structure shown in Figure 2, preferably the
outer layer 12 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 1-25% 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.



copolynmer has a nelt flow index of |less than about 5.0 g/10 m nutes. 19.

The nmethod of claim 17 wherein the ethylene vinyl acetate copol yner gh

melt flow index of |less than about 1.0 g/ 10 minutes. 20. The mnet hd'('jgoaipﬁ 20‘03
claim 17 wherein the ethylene vinyl acetate copolynmer has a nelt flow index

of | ess than about 0.80 g/ 10 m nutes. 21. ¥he nethod of claim 17 wherein

the second | ayer is an ethylene and al pha ol efin copol yner wherein the

al pha olefin has from3 to 8 carbons. 22. The method of claim21 wherein

the second layer is an ultra | ow density pol yethyl ene. 23. The net hod of

claun 16 wherein the tubing further conprises a third |layer. 24. The net hod

of claim 16 wherein the gel content of the ethylene vinyl acetate copol yner

is fromabout 0-49 %. 28y N dE{feHRhdfd ﬁe@&pgﬁﬁﬁfgei n the step of
ra

exposing the tubing to sterilization dosage o Iatron conprises the step
of exposing the tubing tTheanaiicdl adirghs 10adilapramtsmleatibeshouidavela igi@up
consisting of ganma rays, ultra violet rays, and el ectron beam 26. The

met hod of cl ai m A@mgsdapensignevishia thegpnge /AR r? mches apban owteydiametaracy

over tine conpri SES i i i Al Qn: i Li itive to
The tubing T Giieskd il ifnClnk i 8% A SNBIRGERE, heiRaRitht
radi ation sensit foraisadflithd ¥Eninisiragdeef g6id fusiig AmedisEaHARidnMinGY sakhlagast

one functional group selected fromthe group consisting of organic
peroxi des) acryl Bedsr isfisipn pumplespld awdeesthesitiadenagie Jldd ®, and

| tydroyxls, epox t rol idones, acetat car 1 de

ket ones, i ~ni daz%?ﬁ%@égﬁ@tgﬁeﬁp f’?ngf‘gl?]??tew’ﬁ}glflgfdcr .eomg%@gé%]n&ﬁ%ss' 28.
The met hod of CI@daataidmgfeewmmmeemgwn.clsh@vmgn&ie@,%dwﬂﬁnlcmeﬁhesgr_oup
is an EPDM 29. The nethod of claim 27 wherein the conpound having a dine

functional groupwitbinghe yange of &t 8-9.02] dnghes. yBast tabliing should de fiekiblavesvmgia of
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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 bea 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 10 along its

longitudinal axis so that the tubing 10 has a desired inner and outer diameter, as



a tubing having a sidewall with a fast | ayer selected fromthe group

consi sting of ethyl ene honopol yners and et hyl ene copol yners, whereipn the

et hyl ene copol yners are et hyl ene copol ynerized with a nononer sel HQGAPR%US .
t he group consisting of |ower alkyl olefins having from 3-10 carbons, | ower

al kyl esters of a carboxylic acid, the | oer al kyl having from 3-10
carbons, and | ower al kene esters of a carboxylic acid) the | ower al kene
having from 3-10 carbons, the sidewall having a nelt flow index of |ess
than S.0 g110 mnutes, and the tubing further conprising a second | ayer
concentrically disposed wthin the first |ayer; and 9 APB 2~3 40 wherein
a sterilization dosage of fromabout 15 to about 45 keys has been
transmtted to uhi . j e b | Very ac t ubi ng.
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wherein the tubing further conprises a third layer. 39, A fluid delivery
system for adnidirs¢temi apgositeatbe ddetmda thesilow of theenbibg GlalConverseyoier ti me

to a patient conprising: , uhd havi n first |agyer.selected.fromthe
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havi ng from 3 ow id 8 staghtdine, rattwnirshaiilidye taden ¢o sicad that thamethod iscarsied d, t he
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initial dianxeter- is from30 %- |00 %greater than the oriented
di anpet er . coefficient of friction with the tubing 32, The second and third pullers 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 pullers 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 tubing 32 is

cooled with air or a liquid. Preferably, the first cooling bath 41 is a water bath at
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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 ora liquid. Preferably, the
second cooling bath 43, as the first cooling bath 41, is an aqueous bath at a
temperature within the range of 4°C-45°C.

To overcome the memory effect of the oriented tubing 10, 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 ortented 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 puller 38 and extends between the second puller 38 and the

third puller 39. The tubing 10 proceeds in a direction back toward the extruder 36
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third puller 39 and the fourth puller 40. Pulier 40 should be operated at a similar

speed of puller 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
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It may also be desirable to provide for the tubing 10 to make several
Ienéthwise 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 of the tubing 10, it may be necessary
to operate the fourth puller 40 at a similar speed or slightly slower rate of speed
than the third puller 39.
After passing the fourth puller 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 or 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 major
exception that the tubing 10 is oriented in section 42 between pullers 37 and 37a.
Puller 37ais operated at a speed greater than puller 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, pullers 38, 39, and 40 will
be run at a rate similar to or slower than puller 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,
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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 carried out at much lower doses of
radiation than are used to cross-link polymers. The typical magnitude of such
sterilization radiation is on the order of about 25 kGGys, but can sometimes be as
low as 15 kGys.

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, significant gel
content such as about 50% renders the material a thermoset. Such thermosets are
undesirable for 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 from 15 kGys to 58 kGys, more preferably
15kGys to 45kGys, and most preferably 15 kGys to 35 kGys, or any range or

combination of ranges therein. Thus, this tubing 10 maintains its thermoplastic
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Pump accuracy can also be improved after even lower doses of
radi;tion when very minute amounts of the 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 1 to 1999 mL/hr. 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 1.V.
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 [.V. 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 5b and 5c¢). 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 ofthe present invention

had less change in flow-rate over a 72 hour period when compared to non-
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radiation sterilized tubing and existing PVC medical tubing. Hlustrative, non-
limiting examples of the present tubings are set out helow. Numerous other
examples canreadily be envisioned in light of the guiding principles 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.
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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

gel content:

Gel % = [weight of residual/weight of sample] x 100%

Relaxation time (i.e., the time for force to decay to 1/e (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-IT 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 0.595 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 1/e or 36.8% of the initial force value. Asshown inthe
following examples, small increases in relaxation time appear to improve pump

accuracy.

APR 2003
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0 0 Separate(: bings fabricated %r%ml\%oi/i é{t ylene viny%etate (E\Q\)

(DuPont ELVAX) and a blend of EVA and Ethomeen 0/15 (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® 6201 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® 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 1 to 1999 mL/hr.
Infusible volume for both secondary and primary modes is 1 to 9999 mL. This
pump is with a capability of operating with a wide variety of standard
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 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
inthe tubing geometry. (See Figures 5 and 5a). 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
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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
gan&na radiation doses. The level of radiation and change in fluid delivery for

Example 1 are set forth below in Table 1.
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TABLE |
Sample Comp Cobalt-60 Pump Fall Off % | Within Limit of
Number Gamma, kGys + [0%
17-960604A 100% EVA 0 -113 No
17-960919B BVA/0.23% 5 -8.38 Yes
Ethomeen
17-9610608C EVA/0.23% 254 -7.06 Yes
Ethorneen
17-961212E 100% EVA 34.2 -5.67 Yes
17-960827A EVA/0.23% 58.1 -6.75 Yes
Ethomeen

2. Example 2

Separate monolayer tubings manufactured from a blend 0of 95% EVA
and 5% ULDPE and were treated with different amounts of a precompounded
additive, dicumy! peroxide (DiCup). The tubings were then irradiated with
escalating doses of cobalt-60 gamma radiation. Finally, the tubings were placed

in a FLO-GARD® 6201 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 No Composition Cobalt-60 Pump Within
Gamma, kGys Fall-Off Limit of £
10%
17-960813E 95% EVA/5% 254 -6 13 Yes
ULDPE/0 025 DiCup
17-960813F 95% EVA/S5% 254 -5.32 Yes
ULDPE/0 050 DiCup

=y

P)R 2003
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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.

TABLE3
Sample # Compasition 1 Electron Beam, Pump Within
1 kGys Fall-Off Limit of &
10%

17-96064A 100% EVA 0 -11.3 No
17-960828A | EVA/0.23% Ethomeen 15 -6.68 Yes
17-960828A 1 EVA/0.23% Ethomeen 25 -4.86 Yes
17-960814C | 100% EVA 50 -4.14 Yes
17-960604A 100% EVA 100 -2.95 Yes
17-960604A | 100% EVA 200 -2.26 Yes

4. Example 4

In Example 4, 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 Number Compaosition Cobalt-60 Pump Fall

Gamma, kGys Off, %
17-960604A 100% EVA 0 ~-11.13
17-960919B EVA /0.23% Ethomeen 15 -8.38
17-961008C EVA /0 23% Ethomeen 254 -7.06
17-961212E 100% EVA 34.2 -5.67
17-960827A EVA /0.23% Ethomeen 58 1 -6 75
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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 cabalt-60 gamma radiation. Gel content increased appreciably above 50
kGys of radiation. At low doses of radiation, 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 S
Sample # Composition Cobalt-60 Relaxation | Gel
Gamina, tinie, sec. Content %
kGys
17-960604A EVA 0 102 0
17-960919B EVA/0.23% FEthomeen 15 106 0
17-961008C EVA/0.23% Ethomeen 25.4 116 0
17-961212E EVA 34.2 130 7
17-960827A EVA/0.23% Ethomeen 58.1 128 38
6. Example 6

This example shows that addition of very small amounts of dicumyl
peroxide can increase gel content at the same cobalt-60 gamma radiation level.

The results are set forth below in Table 6.
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17-960813E 95%EVA/S% 0 0.31
ULDPE/0.025% DiCup
17-960813E 9S%UEVA/SY 25.4 2
ULDPE/).025% DiCup
179608138 95%EVA/S% 58 § 50
ULDPE/0.025% DiCup

7. Example 7

In Example 7, five samples comprising primarily EV A 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 the experiment.

TABLE 7
Sample Number Composition Electron Gel Confent, %
Beam, kGys
17-960604A EVA 0 0
17-960828A EVA/0.23% Ethomeen 15 0.65
17-960814C EVA 50 63
17-960604 A EVA 100 78
17-960604 A EVA 200 87
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gamma radiation dosage. Here, five tubing samples comprising mainly EVA
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. Theresults ofthis experiment
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8. Example 8

are set forth in Table 9.
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In Example 8, relaxation time was measured as a function of cobalt-60

TABLE 9
Sampie Number Composition Cobali-60 Relaxation Pump
Gamma, kGys Time, Sec Fali
Off, %
17-960604A EVA 0 102 -11.13
17-9609198B EVA70.23% 15 106 -8.38
Ethomeen
17-961008C EVA/0.23% 254 16 -7 06
Ethomeen
17-961212E EVA 342 130 ~5.67
17-960827A EVA/0.23% 58.1 128 -6.75
Ethomeen

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 samiples were

irradiated with identical doses of cobalt-60 gamma sterilization radiation.
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TABLE 10
Sample # Composition Ceobalt-60 Gamma, Relaxation
kGys time, Sec.
{7-960813E 95%EVA/SY 0 19
ULDPE/0.025% DiCup
17-960813E 9S%EBVA/SY 254 148
ULDPE/.025% DiCup
17-960813E 9SUEVA/SY 58.1 178
ULDPE/0.025% 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 inrelaxation titne 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.)
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TABILE 11

Sample Composition Electron Relaxation

Number Beam, kGys Time, Sec
17-960604A EVA 0 102
17-960828A EVA /0.23% Ethomeen 15 m
17-960828A EVA /0.23% Ethomeen 25 173
17-960814C EVA 50 36
17-960604A EVA 100 797
17-960604A EVA 200 3000

Tubings were constructed with the materials set forth in Table 12 and
exposed to various dosages of gamma radiation. The modulus of elasticity was
measured to determine the effects of radiation on the modulus of elasticity. -

The modulus 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.
p g 2
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TABLE 12

Material Gamma Dosage Modulus Yield
(KGYS)
EVA CM576 None 3156 760
w/ethomeen S-15
- 19.4 3080 775
“ 28.9 2755 758
u 38.9 2640 752
3
EVA CM576 None 3088 791
w/ethomeen 0-15
- 16.2 2460 " 783
“ 26.7 2196 4| 767
35,7 2293 704

11. 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® 6201 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 Table 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) .
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TABILE 13
Sample Composition Cobalt-60 Sample Pump Falloff
Gamma Size n= {% change over
(kGys) time)
17-970821A CM576/SM8 250 0 1 -9.88
with 15%
Ethomeen 0-15
17-970924B CMS576/SM8 401 35.1 5 -1.76
with 15%
Ethomeen §-15
(heated bath})
TABLE 14
Sample Compoasition Caobalt-60 Sample Medulus Yield
Gamma size (psi) (psi)
{kGys) n=
17-980220B )] CM576/SM8401 0 5 3631 880
with 15%
Ethomeen 0-15
(heated bath)
17-980220B § CM576/SM8401 39.8 ) 2937 832
with 15%
Ethomeen 0-15
(heated bath)
17-980220B | CM576/SM8401 48.7 5 2875 823
with 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.
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We claim.

I A method for preparing medical tubing for use with a pump to
administer measured amounts of a beneficial {luid over time (o a patient
comptising the steps of:

providing a tubing having a first layer selected fiom the group
consisting of ethylene homopolymets and cthylene copolymers, wherein
the copolymers of ethylene ate an ethylene monomer copolymerized with
at lcast one monomer selected from the group consisting of lower alkyl
olefins, lower alkylesters of a carboxylic acid and lower alkene esters of
a catbovylic acid, the tower alkyl and tower alkene cach have from 3-18
catbons, o1 blends thereof;

improving fluid delivery accuiacy over time of the tubing by
exposing the tubing o a stenthizatton dosage of 1adiation of from about 15
o about 45 kGys and mcluding dicumyl peroxide as a radiation sensiuive
additive (o the tubing: and

pumping fluid thiough the tubmg with the pump

2 The method of claim 1 wheicin the tubing ss an ethylene vinyl
acetate copolymer having a vinyl acctate content of not more than 36%

vinyl acetate by weight of the copolymei

3. The method of claim 2 whercin the gel content of the ethylene

vinyl acetate copolymer is from about 0-49%.

4 The method of claim 2 wherein the cthylene vinyl acetate

copolymer has a melt flow mdex of less than about 5.0 g/10 minutes.
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5. The method of claim 2 wherein the ethylene vinyl acctate

copolymer has a melt flow index of less than about 1.0 g/10 miutes.

6. The method of claim 2 whetein the ethylene vinyl acetate

copolymer has a melt flow index of less than about 0.80g /10 minutes.

7. The method of claim 1 whetein the step of exposing the tubing
to sterilization dosage of radiation comprises the step of exposing the
tubing 1o a source of radiation sclected {rom the group consisting of

gamma 1ays, ultta-violet rays, and electron beam

& The method of claim | wheremn the step of providing a tubing
further includes the step of providing a tubing with a second layes

concentiscally disposed within the fust layer of the tubing.

9 The method of claim 8 wherein the second layer has a modulus

of elasticity that 1s greater than the modulus of elasticity of the fust layer

10 The method of claim 9 whetein the second layer 1s selected

{rom homopolymets and copolymers of alpha-olefins.

[l The method of claim 10 wherein the second layert s an ultia-

low denstty polyethylene

12. The method of claim 1 wherein the lower alkyl group and the

lower alkene gioup have {rom 3-10 carbons.
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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 alky!l
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 than 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 kGys,
and

pumping fluid through the tubing with the pump.

17.  The method of claim 16 wherein the first layer is an ethylene

vinyl acetate copolymer.
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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 17 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 claim 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 16 wherein the step of improving fluid
delivery accuracy over time comprises the step of including a radiation

sensitive additive to the tubing.
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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, wrethanes, hydroyxls, epoxys, esters, pyrolidones, acetates,
carbon monoxides, ketones, imidazolines, 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 diene

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 for administering measured amounts of
a beneficial fluid over time to a patient comprising:

a tubing having a sidewall with a first 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 5.0 g/10
minutes, and the tubing further comprising a second layer concentrically disposed

within the first layer; and
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wherein a sterilization dosage of from about 15 to about 45 kGys 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 g/10

minutes.

35.  The fluid delivery system of claim 31 wherein the second layer
has a modulus of elasticity that is greater than a modulus of elasticity of the

first layer.

36.  The fluid delivery system of claim 35 wherein the second layer
is an ethylene and alpha olefin copolymer wherein the alpha olefin has from 3

to 8 carbons.

37 The fluid delivery system of claim 36 wherein the second layer

is an ultra-low density polyethylene.
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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 baving a first layer selected from the group consisting of
ethylene homopolymers and ethylene copolymers, wherein the copolynders of
ethylene aré an ethylene monomer copolymerized with at least one monomer
selected from {hc group consisting of lower alkyl olefins having from 3 to 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, 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 the tubing, and wherein a sterilization dosage of
-radiation of from about 15 kGys to about 45 kGys has been transmitted .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 loﬁgitudinal axis of the

tubing to define an oriented diameter that is Iess than the initial diameter.

40.  The fluid delivery system of claim 39 wherein the initial
diameter is from 10% - 360% 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.

42 The fluid delivery system of claim 39 wherein the initial
diameter is from 30% - 100% greater than the oriented diameter.
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43 .  The fluid delivery system of claim 39 wherein the fust layer is

an cthylene vinyl acetate copolymer.

44, The fluid delivery system of claim 43 wherein the ethylene
vinyl acetate copolymer has a melt flow index of less than about 5.0 g/10

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 g/10

minutes.

46, The fluid delivery system of claim 43 wherein the cthylene
vinyl acetate copolymer has a melt flow index of less than about 0.80 g/10

minuics.

47.  The fluid delivery system of claim 39 wherein the second layer

is an ethylene and alpha olefin copolymer wherein the alpha olefin has from 3

to & carbons

48. The fluid delivery system of claim 47 wherein the second layer

is an ultra-low density polyethylene.
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cthylene vmyl acetate copolymer having a vinyl acetate content of not more

than 36 % vinyl acetate by weight of the copolymer.

52. The method of claim 51 wherein the gel content of the ethylene

vinyl acetate copolymer is from about 0-49%.
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copolymer has a melt flow index of less than about 0.80 g/10 minutes.

55. The method of claim 53 wherein the step of exposing the (ubing
of sterilization dosage of radiation compriscs 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.

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 homopolymers and copolymers of alpha-olefins.

58. The method of claim 57 wherein the second layer 1s an ultra-

low density polyethylenc.



