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THE EFFECTS OF PROLONGED ETHANOL 
EXPOSURE ON THE MECHANICAL PROPERTIES OF 
POLYURETHANE AND SILICONE CATHETERS USED 

FOR INTRAVASCULAR ACCESS

ChristopherJ.Crnich,MD,MS;JeremyA.Halfmann,BS;WendyC.Crone,PhD;DennisG.Maki,MD

BACKGROUND: Products containing alcohol are com-
monly used with intravascular devices at insertion, to remove
lipidsfromoccludedintravasculardevicesusedduringparenter-
alnutrition,and increasingly for thepreventionand treatment
of intravascular device–related bloodstream infection. The ef-
fectsofalcoholontheintegrityofintravasculardevicesremain
unknown.

METHODS: Two types of widely used commercial pe-
ripherally inserted central catheters, one made of polyether-
urethaneandonemadeofsilicone,wereexposedtoa70%etha-
nol lock solution for up to 10 weeks. Mechanical testing was
performedto identify force-at-break,stress,strain,modulusof
elasticity, modulus of toughness, and wall area of ethanol-ex-
posedandcontrolcatheters.

RESULTS: No significant differences between exposed
andunexposedcatheterswereidentifiedforanyofthemechani-
cal parameters tested except for a marginal reduction in the
modulus of elasticity for both polyetherurethane and silicone
catheters and minor increases in the wall area of polyether-
urethanecatheters.

CONCLUSIONS: These data indicate that exposure to
a 70% ethanol lock solution does not appreciably alter the in-
tegrity of selected commercial polyetherurethane and silicone
catheters.Giventhegreatlyexpandeduseofalcoholicsolutions
withintravasculardevicesofalltypes,webelievethatmanufac-
turerswouldbewelladvisedtosubjecttheircathetersandother
intravasculardevicestoformaltestingofthetypeemployedin
thisstudy(InfectControlHospEpidemiol2005;26:708-714).

ABSTRACT

Theuseof intravasculardevices in clinicalpractice
has greatly expanded during the past two decades; more
than200millionintravasculardevicesarenowusedinhos-
pitals, clinics, and the outpatient setting each year.1 The
widearrayofavailableintravasculardeviceshasenhanced
our capacity to administer a large number of parenteral
medicationsandtotalparenteralnutritionaswellas intra-
venousfluidsandbloodproducts.

Unfortunately,everyintravasculardevice,nomatter
the type, carries some risk of associated bloodstream in-
fection(BSI).2Asaresult,theHealthcareInfectionControl
PracticesAdvisoryCommitteeof theCenters forDisease
Control and Prevention has periodically published evi-
dence-basedguidelinesforthepreventionofintravascular
device–relatedBSI.The2002guidelines3nowrecommend,
forthefirsttime,useofa2%solutionofchlorhexidinefor
cutaneous antisepsis at the time of intravascular device
insertion. Currently, the only chlorhexidine-based anti-
septic commercially available for use with intravascular

devices approved by the Food and Drug Administration
contains2%chlorhexidinegluconatein70%isopropylalco-
hol(Chloraprep,Medi-Flex,Leawood,KS).Manyhospitals
acrosstheUnitedStateshaveadoptedthisproductforvas-
cularaccess.Medical-gradeethanolhasalsobeenusedfor
manyyearsfortheremovalof insipissatedlipidsfromoc-
cludedintravasculardevicesusedforparenteralnutrition.4-6
Moreover,recentreportssuggestthat25%to70%ethanol
usedasalocksolutionmaybeofvaluebothasanadjunct
to the treatment of intravascular device–related BSI7 and
for the prevention of infection with the use of long-term
intravasculardevices.8

The increasinguseof alcohols forvascularaccess
raises questions about their effects on the mechanical
integrity of catheters. However, the studies addressing
thisimportantissuehavebeenlimited.McHughetal.re-
ported that luminal surfaces and wall thickness of poly-
urethane catheters exposed to ethanol for as long as 19
dayswerenotsignificantlydifferentfromthoseofcontrol
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catheters exposed to normal saline when examined by
scanning electron microscopy; however, qualitative soft-
ening was observed for catheters exposed to ethanol.9
Theauthorsdidnotundertakeformalmechanicaltesting
ofthecathetermaterialsevaluated.Studiesperformedin
Japanfoundthattheconstantinfusionofetoposide,which
incorporatesethanolintoitsvehicle,wasassociatedwith
microcrackingofpolyurethanecatheters10;similardegra-
dationwasnotseenforcathetersmadeofpolyvinylchlo-
rideorsilicone.

Given the rapidly growing exposure of all types of
intravascular devices to alcohols, we studied the effects
of prolonged exposure to 70% ethanol on the mechanical
integrity of polyetherurethane and silicone intravascular
catheterscommonlyusedforlong-termvascularaccess.

METHODS
ExperimentalProcedure

Standardtensiletestswereconductedtoevaluatethe
effectsofprolongedexposuretoethanolonthemechanical
integrity of two types of widely used peripherally inserted
centralcatheters(PICCs):a4Frenchsingle-lumencatheter
(ArrowInternationalInc.,Reading,PA)madeofanaromatic
thermoplastic polyetherurethane containing 20% barium
sulfateforradiopacityanda5Frenchsingle-lumencatheter
(CookCriticalCare,Bloomington,IN)madeofsilicone.The
inner and outer diameters of both types of catheter were
determined after cross-sectioning by optical measurement
usingaNikonEclipseOpticalMicroscope(NikonUSA,Mel-
ville,NY)andMetamorph imagingsoftware (version5.02;
Universal Imaging Corp., Downington, PA); the average
cross-sectionalareawas0.85mm2forthepolyetherurethane
catheterand1.75mm2forthesiliconecatheter.

One set of catheters (15 polyetherurethane and 16
silicone catheters) was locked with 70% ethanol, whereas
control catheters (17 polyetherurethane and 17 silicone
catheters) were left empty (ie, were not locked with any
solution). Study catheters in both groups were then im-
mersed inpreparedHank’sbalancedsalt solutionheldat
37°C,tosimulatetheeffectofthehumanbloodstream,for1
to10weeks.Mechanicaltestingwasperformedonethanol-
exposedandcontrolcathetersafter1,2,3,5,6,and9weeks
forpolyetherurethanecathetersandafter1,2,3,4,7,9,and
10weeksforsiliconecatheters.

PreparationofCatheterSegments
At the timeofmechanical testing, twoor three test

catheters from each treatment arm were removed from
theHank’sbalancedsaltsolution.Theethanolwasdrained
fromthetreatedcatheters,andthecatheterswereallowed
to air dry at room temperature. A minimum of three but
asmanyasnine25-mmsegmentswerepreparedfromthe
tubularportiondistal to thehubofeachcatheter,exclud-
ingthetip(Table).Asolidsteelcorewasintroducedinto
eachofthegrippedendstominimizethestressconcentra-
tioneffectsandreducetheriskoffailureduetopinchingof
theendsofthesegment(Fig.1).Ifsuchafailureoccurred,
thedatawerediscardedandanadditionalspecimenfrom

thesamecatheterwas tested.Mechanical testingofcath-
etersegmentswasconductedonanInstron5566Universal
TestingMachine(DatapointLabs,Ithaca,NY).

TensileTesting
Tensilestrengthtestingtodetermineforce-at-break

wasconductedasdelineatedinstandard10555-1oftheIn-
ternational Organization for Standardization.11 The condi-
tioningproceduredescribedinthestandardwasreplaced
bytheexperimentalimmersionproceduredescribedabove.
Catheterjunctionsandhubswerenotsubjectedtotesting.
Alltestingwasconductedatroomtemperature.Forcewas
measuredinnewtons(N),stress—theforceperunitarea—
wasrecordedinmegapascals(MPa),andstrain—adimen-
sionlesspropertycharacterizingstretch—wasmeasuredas
theratioofthechangeinlengthofthecathetersegmentto
theoriginal lengthofthecathetersegment.Catheterseg-
ments were loaded while force and strain data were con-
tinuouslyrecordedat0.5-secondintervals.Astrainrateof
500mm/minwasemployedtosatisfythe20mm/min/mm
strainraterecommendedbytheInternationalOrganization
forStandardizationstandard.11

Themechanicalpropertiesofsegments,including
force-at-break (N), failure stress (MPa), elongation at
failure(mm),maximumstrain(changeinlength[mm]/
original length [mm]), modulus of elasticity (MPa),
modulusoftoughness(MPa),andwallthickness,were
measured foreachof thestudycatheters.Theelonga-
tionofcathetersegmentsatfailure(mm)wasmeasured
as the displacement of the grips at the time of break-
age;directplacementofanextensometeronsegments
wasnotpossiblebecause theywere toosoft.Standard
stress–straincurveswerecreatedfromdatagenerated
duringdisplacement-controlled loadingof thecatheter

TABLE
NUMBER OF CATHETER SEGMENTS USED AT EACH EXPOSURE 
INTERVAL FOR POLYETHERURETHANE AND SILICONE 
CATHETERS

Catheter Material Test Day Ethanol Control

Polyurethane 6 7 5

14 9 7

21 5 7

36 7 6

47 8 6

67 5 3

Silicone 7 6 5

15 6 6

21 8 3

29 5 5

50 4 9

67 3 4

72 6 6
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segments.Thesecurveswerethenusedtocalculatethe
modulus of elasticity (Young’s modulus) and modulus
oftoughness.

Figure 2 shows a typical stress–strain curve for a
silicone catheter segment. The initial slope of the curve
is taken to be the elastic modulus, beyond which the
specimenundergoesplasticdeformation.Typically,after
significant strain, the slope of the curve changes again.
Rubberypolymers,suchaspolyurethanesandsilicones,
mayexhibitanincreaseinstresspriortobreakageasare-
sultofstrain-inducedcrystallizationcausedbymolecular
orientationinthedirectionofappliedstress.12Themodu-
lusofelasticitywascalculatedfromtheslopeofthelinear
regionofthecurvebelow0.25strainforsiliconecatheters
and below 0.10 strain for polyurethane catheters. The
modulus of toughness of a material represents the total
amountofworkthespecimenisabletowithstandbefore
it fails and is proportional to the area under the entire
stress–straincurve.

WallArea
Wall area in square nanometers (nm2) was deter-

minedbysubtractingtheinnerwallareafromtheouterwall

area,asdeterminedbytheopticalmeasurementmethods
described above. The initial intent was to obtain multiple
measurementsfromasinglecathetersegmentandtakethe
averageofthesemeasurements.However,withinthefirst
week of testing of silicone catheters, it became apparent
that thewallareawasnotuniformthroughout the length
ofthecatheterlumen.Basedonthisknowledge,measure-
ments were obtained from several different catheter seg-
mentsalongthelengthofthecatheterlumenandtheaver-
ageofthesemeasurementswasrecordedasthewallarea
foreachexposure interval.Asa result, thewallareas for
siliconecathetersatday7ofexposurewerenot included
in the final analysis. This modified method of assessing
wallareawasusedatallexposureintervalsfortestedpoly-
etherurethanecatheters.Mislabelingofpolyetherurethane
cathetersegmentsselectedforwallareadeterminationon
day36ofexposuredidnotallowforaccurateidentification
ofexposedandcontrol catheters, andwall areameasure-
ments of polyetherurethane catheters on day 36 of expo-
surewerenotincludedinthefinalanalysis.

StatisticalAnalysis
The measurements obtained at each exposure in-

tervalfromeachtreatmentgroupwereaveragedforpoly-
etherurethane and for silicone catheters. Unpaired Stu-
dent’sttestswithWelchcorrectionwereusedtocompare
meanvaluesforeachmechanicalpropertymeasured.

RESULTS
The mechanical properties of polyetherurethane

cathetersexposedtoa70%ethanollocksolutionforaslong

FIGURE 1. (A) A catheter segment loaded into an Instron 5566 Universal 
Testing Machine (DatapointLabs, Ithaca, NY) and (B) the location of the 
steel core inserts within the catheter segment to facilitate gripping within 
the testing apparatus.

B

A
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as67daysandofsiliconecathetersexposedtoa70%etha-
nollocksolutionforaslongas72daysaredepictedinFig-
ures3through5.

Theforce-at-breakorstress-at-breakwasconsistently
higher inthepolyetherurethanecatheterscomparedwith
thesiliconecatheters,and the forceorstressrequired to
breakthesiliconecatheterstendedtodecreasethelonger
they remained in theHank’s solution (Figs.3and4).No
significant difference in the force required to break seg-
mentswasfoundbetweenthecathetersexposedtoethanol
and the unexposed, control catheters within each group,
regardless of the exposure time (Fig. 3). The maximum
stress-at-breakwas found tobe reducedat a singleexpo-
sureintervalinbothtypesofcatheter(day47ofexposure
forthepolyetherurethanecathetersandday7ofexposure
forthesiliconecatheters),butnosignificantdifferencesbe-
tweenexposedandcontrolcatheterswerefoundatanyof
theotherexposureintervals(Fig.4).

The maximum segment elongation and strain im-
mediately prior to breakage tended to be greater for the
siliconecathetersthanforthepolyetherurethanecatheters,
although thisdifferencediminished the longer thecathe-
terswere immersedinHank’ssolution.Nodifferences in
elongationandstrainwereseenbetweenthecathetersex-
posedandthoseunexposedtoa70%ethanollocksolution,
foreitherthepolyetherurethaneorthesiliconecatheters,
regardlessoftheexposuretime.

Asexpected,themodulusofelasticity(Fig.5)and
themodulusoftoughnesswerehigherforthepolyether-
urethanethanforthesiliconecatheters.Themodulusof
toughness of the polyetherurethane catheters exposed
toethanolwasnotsignificantlydifferentfromthatofthe
unexposed, control catheters.Although themodulusof
toughness of the silicone catheters exposed to ethanol
was found to be reduced at a single exposure interval
(day21),nodifferenceswereseenbetweenthecatheters
exposedtoethanolandtheunexposed,controlcatheters
atanyoftheothertestingintervals.Incontrast,themod-
ulusofelasticityofboththepolyetherurethaneandthe
silicone catheters exposed to 70% ethanol was found to

beslightlybutsignificantlyloweratseveraloftheexpo-
sureintervals(Fig.5).

Wall areas of segments of the control polyether-
urethaneandsiliconecathetersdidnotchangeappreciably
overtimeduringprolongedimmersioninHank’ssolution
at37°C.Oncomparisonof theethanol-exposedcatheters
withtheunexposed,controlcatheters,thewallareaofthe
siliconecathetersegmentswasnotconsistentlyalteredby
exposureto70%ethanol.Incontrast,thepolyetherurethane
cathetersexposedto70%ethanolshowedaconsistenttrend
towardincreasingwallthicknesswithprolongedexposure
times,althoughstatisticalsignificancewasreachedatonly
oneofthetestingintervals(day47ofexposure).

DISCUSSION
Ethanol and other alcohol-containing solutions are

commonlyusedwith intravasculardevicesas topicalanti-
septicsduring insertionorat the timeofdressingchang-
es13,14 andasflushsolutions to remove insipissated lipids
from occluded catheters.4-6 Moreover, there is growing
interestintheuseofethanolasanovelintraluminaldisin-
fectant forthetreatment7andprevention8of intravascular
device–relatedBSI.

Previousstudieshaveraisedquestionsabouttheef-
fects of ethanol exposure on the mechanical integrity of
polyurethane catheters,9,10 although, to our knowledge,
nostudieshaveexaminedtheeffectofethanolonsilicone

FIGURE 2. Typical stress–strain curve for a silicone catheter segment. The 
area under the entire curve represents the modulus of toughness, where-
as the slope of the portion of the curve highlighted in black represents the 
modulus of elasticity (Young’s modulus). MPa = megapascals.

A

FIGURE 3. Force-at-break (in newtons [N]) at various exposure intervals 
for (A) polyetherurethane and (B) silicone catheters. Data are the mean 
force-at-break (N) of catheter segments tested (the table contains the 
number of segments tested at each exposure interval). Vertical bars rep-
resent standard error. *P < .05.

B
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catheters.Ourstudywentbeyondthequalitativeassess-
mentsmadeintheseearlierstudiesbyrigorouslyassess-
ingtheeffectsofprolongedethanolexposureontheme-
chanical integrity of widely used polyetherurethane and
siliconecatheters,employingindustrystandardswherev-
erpossible.11Althoughithasbeenreportedthatpolyure-
thanesmaydissolveinpolarorganicsolvents,12ourstudy
failedtoshowanyconsistentreductions in themechani-
cal integrity of polyetherurethane or silicone catheters
exposed toa70%ethanol locksolution foras longas10
weeks.

Ourstudywasdesignedtoprovideaworse-possible-
casechallengetothemechanicalintegrityofthecatheters
tested: thedurationsofcontinuousexposure to70%etha-
nolwerehundredsof timesgreater thanan intravascular
devicematerial is likely toexperience inclinicalpractice.
Wedidfindminimaldifferencesinthemodulusofelasticity
between the ethanol-exposed and the control polyetheru-
rethane catheter segments at several of the exposure
intervals (Fig. 5). However, no consistent trend toward a
sustainedreductioninthemodulusofelasticitywasfound
forthesiliconecatheters(Fig.5).Prolongedethanolexpo-
sureappearedtoproduceslightswellingofthewallsofthe

polyetherurethanecatheters,butnoconsistenteffectwas
seenforthesiliconecatheterstested.Thesefindingsmay
representa typeIerrorormaybetheresultofmeasure-
menterror.However, the latterseemsunlikelygiventhat
theexposedandunexposedcathetersweremeasuredina
similarfashion.

Even if the modest differences seen in the modu-
lusofelasticityandwallthicknessarereal,theireffecton
the clinical performance of these catheters in practice is
likelytobenegligiblebecausetheforcerequiredtobreak
a catheter segment (Fig. 3), the stress at break (Fig. 4),
the maximum elongation before breakage, the maximum
strainbeforebreakage,andthemodulusoftoughnesswere
unaffectedbyprolongedexposureto70%ethanol.Webe-
lieve these properties are more reliable predictors of the
integrityofintravasculardevicesduringclinicaluse.Infact,
the sole mechanical property of catheter lumens recom-
mended for testing in the International Organization for
Standardization standard is the force-at-break.11 As such,
we interpret our findings as strong evidence supporting
thesafetyofusingethanolandalcohol-containingsolutions
withselectedpolyetherurethaneandsiliconecatheters in
clinicalpractice.

FIGURE 4. Maximum stress (in megapascals [MPa]) at break at various testing intervals for (A) polyetherurethane and (B) silicone catheters. Data are 
the mean stress (MPa) of catheter segments tested (the table contains the number of segments tested at each exposure interval). Vertical bars represent 
standard error. *P < .05.

A B

FIGURE 5. Modulus of elasticity (in megapascals [MPa]) of catheter segments at various exposure intervals for (A) polyetherurethane and (B) silicone 
catheters. Data are the mean modulus of elasticity (MPa) of catheter segments tested (the table contains the number of segments tested at each expo-
sure interval). Vertical bars represent standard error. *P < .05; **P < .01; and ***P < .001.

A B
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Our study has limitations. First, we assessed only
the mechanical integrity of the tubular portion of the
polyetherurethane and silicone catheters. As a result,
the impact of prolonged ethanol exposure on the integ-
rityof thecatheterhuband junction (at the interfaceof
thehubandthetubularportionofthecatheter)remains
unknown.However,70%alcoholshavelongbeenusedto
cleancatheterhubsprior toblooddrawsorconnections
to administration sets, and we have been unable to find
any published reports of cracking or fracturing of cath-
eterhubslinkedcausallytorepeatedexposuretoalcohol.
Moreover,areviewoftheFoodandDrugAdministration’s
ManufacturerandUserFacilityDeviceExperienceData-
base (MAUDE),15 which includes data on complications
with devices in use from 1992 to 2004, failed to identify
anyreportsofmechanicalfailureofcatheterhubslinked
toalcoholexposure.However,ifsucheffectsdidoccur,a
damagedhubcouldbeeasilyrepairedwithoutreplacing
theentirecatheter.

The other limitation of our study was our testing
ofonlyonemanufacturer’spolyurethanecatheter.Many
intravascular device manufacturers have advised against
exposure of their polyurethane catheters to alcohol and
acetone because of concerns about accelerated environ-
mentalstresscracking.16Wehavebeenunabletoidentify
any published studies that corroborate these concerns.
However, MAUDE contains 195 reports, all except one
submittedbythreecompanies(BardAccessSystems,Salt
LakeCity,UT;BostonScientificCorp.,SaltLakeCity,UT;
and Medcomp Medical Components, Harleysville, PA),
describing environmental stress cracking of central ve-
nouscatheters,usuallyatthejunctionofthecatheterhub
andlumen,whichwasascribedtoexposureofthedevices
toalcohol-containingantisepticsoracetone.Becauseen-
vironmentalstresscrackingofvascularcathetersmayoc-
curinclinicalpracticewithoutanyclearincitingcause,the
causalrelationshipofexposuretoalcoholineachofthese
reportsisunclear.

Of the 195 reports in MAUDE, 154 involved a
cuffed hemodialysis catheter (Ash Split I Hemodialysis
Catheter,MedcompMedicalComponents)manufactured
from an aliphatic polyetherurethane called Tecoflex
(Thermedics,Wilmington,MA),acompoundthatreport-
edlyswellsmorethan25%inthepresenceofethanolor
isopropylalcohol17andisknowntodevelopmicrocracks
afterprolonged implantation times.18Themanufacturer
has since introduced a next-generation hemodialysis
catheter (Ash Split Hemodialysis Catheter II) made of
Carbothane(Carboline,St.Louis,MO),analiphaticpoly-
carbonate–basedpolyurethanethathasbeenshowntobe
compatiblewithseveralcutaneousantiseptics,including
chlorhexidineandisopropylalcohol.19Fourteenreports
pertainedtoapolyurethanePICC(VaxcelPICC,Boston
ScientificCorp.),althoughwehavebeenunabletoobtain
informationontheexactpolyurethaneformulationused
in itsmanufacture;however, informationinMAUDEin-
dicatesthatthemanufacturerrecentlymodifiedthepro-
duction procedure to make the catheter material more

resistant to theeffectsof isopropylalcohol.20Of there-
maining27reports,26werefromamanufacturer(Bard
Access Systems) that apparently has not modified the
material used in the manufacture of its catheter (Poly-
urethanePer-Q-CathPICC)and,asaresult,continuesto
recommendagainsttheuseofalcoholoralcohol-contain-
ingsolutionswithitscatheter.

The typeofpolyurethanecatheterevaluated in this
study is manufactured from an aromatic thermoplastic
polyetherurethanethatissimilar,butmaynotbeidentical,
topolyurethanesusedinthemanufactureofintravascular
devices produced by other companies. Aromatic polyure-
thanes may be more resistant to the effects of organic
solvents than aliphatic polyurethanes,12 but the effects of
ethanolexposureontheintegrityofothertypesofaromatic
polyurethanesusedinthemanufactureofintravascularde-
vicesareunknown.Ourfindingscombinedwiththereports
submitted toMAUDEhighlight theheterogeneityamong
polyurethanesandsuggestpotentialdifferences in theef-
fectsofalcoholsandotherorganicsolventsontheintegrity
of these devices. They also point out that manufacturers
must understand that alcohols will be used increasingly
withtheirdevices,regardlessoflabelinginstructions,and
the importance of using materials in the manufacture of
intravasculardevicesthatareresistanttothedegradingef-
fectsoftheseagents.Giventhegreatlyexpandeduseofal-
coholicsolutionswithintravasculardevicesofalltypes,we
believethatmanufacturerswouldbewelladvisedtosubject
their catheters and other intravascular devices to formal
testingofthetypeemployedinthisstudy.

Thiswasthefirststudytosystematicallyevaluatethe
effectof ethanolon the integrityof two typesof vascular
catheterscommonlyusedinclinicalpractice.Thefindings
suggest that a 70% ethanol lock solution has a negligible
impactonthemechanicalpropertiesofpolyetherurethane
andsiliconecatheters,despitecontinuousexposuretimes
aslongas10weeks.Thesefindingsshouldallayfearsabout
theuseofalcohol-containingantisepticsolutionswithvas-
cularcathetersmadeofsiliconeandaromaticpolyetheru-
rethanesandshouldpromptfurtherstudyofethanolasan
anti-infective lock solution for the prevention8 and treat-
ment7 of intravascular device–related BSI in clinical prac-
tice.
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