A CATHETER LOCK SOLUTI ON COVPRI SI NG Cl TRATE AND A
PARABEN BACKGROUND This invention generally relates to
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infection of catheters, such as intravascul ar
catheters and other body cavity catheters. Mre
specifically, but not exclusively, this invention
relates to infusing a lock solution into an indwelling
cat heter, such as, for exanple, an indwelling

i ntravascul ar cht GRTEETERSLOGH $9EVREOBccl usi on and
i nfection iICOMPREBING CAIRATE HND RIWeARABBNcat het er .
By way of background, catheters are used w th

i ncreasing frequency togtheahyRgti ents requiring a
vari ety of nedical pro —Cat heters offer many

advantages for patients; for exanple, catheters
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W t hout repeated injections I nfusion o
stieRheds drfugseveritimdeacslusdioacerdl ynfestépnfefui ds used

| BathermiNerapy, adrinkehvi iR 168 MY el QDL @R rabody
intermttent basis. In hyperalinentation treatnent,

caBHeber@tartetsualiofeuskeriferatl hf usiuibnnet xargeively.

VQhQQEﬁnééht&bﬂiﬁgﬁat%@ Ebeﬂﬁiﬁﬁﬁépafld&ﬁtB@i@ﬁi%naﬁﬁt&3§ﬂ
for infusion of drugs on an intermttent basis,

 ARGT G- FIoRTBAT TS 1t GU Rk y TOFoP IS & ydioeel 1ing
duattaenugathedefeteal erdy Rndabl yidisedolustsdalhy three

times per week--_ t.0 emve bl ood %r .the patient's
cﬁggfﬁ 9§r§ns§%t%ﬁﬁmﬁgr TS ABnt™ W%iqkﬁgr%éﬁ%eﬁefreated
bl ood Hmackyt of the-kpabiedt .cabnet e calikodsvircenoval of
bkﬁé%%aé%ﬁg'%ré&ﬁ%ncy to treat patients requiring a variety
of medical procedures. Catheters offer many advantages
for patients; for example, catheters provide ready access
to a patient’s vasculature without repeated injections for
infusion of fluids such as drugs, nutrients, electrolytes
or fluids used in chemotherapy, or for the removal of
blood on an intermittent basis. In hyperalimentation
treatment, catheters are usually used for infusion of
large volumes of fluids. In chemotherapy, catheters are
used for infusion of drugs on an intermittent basis,
ranging from daily to weekly. For hemodialysis, dual-
lumen catheters are typically used--usually three times
per week--to remove blood from the patient’s circulatory
system for treatment and to return treated blood back to
the patient. One lumen allows removal of blood, while the
other lumen allows blood to return.
Catheters are also used to perform other functions

and to convey fluids into and out of other body cavities



other lunmen allows blood to return. Catheters are al so
used to performother functions and to convey fluids
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not ed above. For exanple, catheters are placed into
arteries to neasure bl ood pressure or renove arterial
bl ood for analysis of gases reflecting |ung function;
catheters are placed into the peritoneum (the space
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and repove fluids and _toxins fromthe patient; and
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heters, especially chronic venous catheters, have
dr a\/\/oa%al@etelrhecil}s eishehdith acehPorat - eERET & RF 0rfios
CYPCS: 115:/255061 &t @G- Whih €8 tahy- conplireathons. that

may require
Catheters used to access a patient’s bloodstream are
commonly inserted into central veins (such as the vena
cava) from peripheral vein sites. Another alternative is
placement of a dual-lumen chronic central venous dialysis
catheter (a “CvDC”) through the internal jugular vein.
Adequate hemodialysis regquires removal and return of 250~
400 mL: of blood per minute.

Catheters, especially chronic venous catheters, have
drawbacks. The use of both temporary and chronic CVDCs is
associated with certain complications that may require !
catheter removal, catheter replacement and/or
administration of medical therapies. They can become
occluded by a thrombus, and even if extreme care is taken,
the catheters can increase a patient’s risk of infection.

Considering first the problem of infection, great care
must be taken in the placement and use of a chronic

catheter to prevent infection of the patient at the site of

.}



cat heter renoval, catheter replacenent and/or
adm ni stration of nedical therapies. They can becone
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taken, the catheters can increase a patient's risk of
infection. Considering first the problemof infection,
great care nust be taken in the placenent and use of a
chronic catheter to prevent infection of the patient
ataadees s¢x evighancehs wscWL ahisysthe - vaulfaresystwmiaces
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surfaces at which bacteria can grow, and _at which
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Dacron cuff for each catheter. Cuffed, tunneled CVDCs have
a decrease in the rate of exit site infection and catheter-
related bloodstream infection (“CRBSI”) versus uncuffed
catheters, but these infections still occur. It is
believed that the only chronic CVDC in the U.S. at present
that does not have a subcutaneous Dacron cuff is the
Schon™ catheter. In this catheter a subcutaneocus plastic
clip connects two Tesio catheters. This clip fixes the
catheters in position and apparently prevents pericatheter
bacterial migration in a manner similar to a Dacron cuff.
Chronic CVDCs are typically made from one of three types of
materials: silicone, polyurethane, or polyurethane
derivatives.

For chronic CVDC the most common cause of catheter

infection is contamination of the connector hub, and the
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bel i eved that the only chronic C/DC in the U S. at
present that does not have a subcutaneous Dacron cuff

subcut aneous plastic clip connects two Tesi o catheters
This clip fixes the catheters in position and
apparently prevents pericatheter bacterial mgration
in a manner simlar to a Dacron cuff. Chronic CVDCs
areetiypirgalt] yoweele f contammatiionhi eeerdppesinil .
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caahaamnﬁtcueﬂ of drikembtibr caura;@eoerrdIHsurrmad:hronic CVDC,
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OB RO in e et B oo g o
pheaétie s fanide h&l‘tdnleitﬂg of the cat heter Sever al

studi eg_have indjcate f . blao n
duri nggl}fseeragf érloer? i C d(?adtlfcage?[ ora%. F%@Of%ﬁgggél&)
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b%ngé ?Et%eﬁ@t%g}%f ﬁ wan S aBRGI KL ENLE %péasc@l%%érper
tient t OWEY rate being for cat heters
_related bacteremia rate of 2.2 to 3.8 bacteremic episodes
per 1,000 patient days, the lower rate belng for catheters.
placed surgically rather than radiologically. Another
study of new tunneled catheters reported that 19% of
catheters became infected in a mean of 62 days after
catheter placement, representing a rate of 3 infections per
1,000 days. This means that each patient has approximately
a 10% chance of developing bloodstream infection during
each month. There is no evidence that the rate of CRBSI
increases with duration of use of a chronic CVDC. In fact,
practical experience and various studies have shown that
the rate of CRBSI i1s the same over the many months of use.
Tests indicaté that the risk of CRBSI is the same for'each
period of time that the patient has a catheter. Over time
the patient has a higher chance for infection merely
because there is more time at risk for infection. The

longer the patients have a chronic CVDC, the greater the

In this catheter aPCT/US2006/003971
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pl aced surgically rather than radiol ogically. Another
study of new tunneled catheters reported that 19% of

cat heter placenent, representing a rate of 3

i nfections per 1,000 days. This neans that each
patient has approximtely a 10% chance of devel opi ng
bl oodstream i nfection during each nonth. There is n o
evidaeethdtatant hefectionoii CRBSIcUrncheagds swis merely due

duratian, of &31% ol a, chnapic. QVRE. ot Jp%ghrﬁpracti cal
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each periot tine that the patient has a catheter.
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constant risk of exposure. CRBSI in dialysis, patients
| SVBHER TP s s B6F SR GSAPL PR ISt TLg i R SRR 1764 <
afdnar gatéd bindtbeeddigr apyibHmiesser , In S @BecPathienicsyre,
signs of infection .,are nmuch nor.e_sever.e and,include
SR PRt TP =By S ¢ Ll e 7 Fotinse
Syradheter (I'SSkRBSYed t achycbedihayvet dchwpndar kBT Mal

t erature and, whi.te.count | us, hypot ensiogn. Oten
¢ REDEAEL et BRI D WO af s PR Oy

i Fteavehowrg cant sbedtsscsuch mss§i-t Brodedrtiidgs carfgwever,
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catheter “is renoved. Studies have shown that CRBSI in

hewodPat y&i ©TpERBEM supstedirs ddravsttinedaenttsr by
patient populations and a significant number of infections
are due to gram-negative organisms.

The mortality rate following CRBSI in ICU patients

has been reported to be 3-25%. It was reported in a
recent year that about 60,000 of the 300,000 patients on
dialysis in the U.S. had chronic CVDC. Assuming an
average incidence of CRBSI of only 21,000 patient-days at
risk, about 120 of these patients would be expected to
develop CRBSI each day. At the lowest reported mortality
rate of 3%, 3-4 ESRD patients die from CRBSI esach day. At
the highest reported mortality of 25%, 30 ESRD patients
die from CRBSTI each day. Furthermore, the cost
attributable to caring for a single CRBSI episode in
hospitalized patients has been reported to be between

$3,700 and $29,000. Costs may be higher for patients with
CRBSI related to chronic CVDC, given the higher cost of
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ot her patient popul ations and a significant nunber of

i nfections are due to gram negative organi snms. The
nortality rate following CRBSI in I CU patients has
been reported to be 3-25% It was reported in a recent
yeamot vad aaigo uep 59310002 of hnoié c30VPO00 Gaaen efts sgiious
di s jn.t h i € ' ;
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nortality rate of 3% 3-4 ESRD patients die from CRBSI
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ESRD, patd entiscdie firem CRBSI each day. Furthernore,
the cost attributable to cari nggfor a Si ngl e CRBSI

epi sodBIHWo8HV i itA8dPTRRIEENPE FRILBEENCTRPBT8d to
benbet Waeh 33 £ KO6nanrd r$221000. c&ast sty chnelhiighbetr
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there.to 8 o 8alonSRd Lol AlLELhallae Jeansyor
I"ghtT hg catheter infection. Turning now to the
prebheresf heaehetrmrondgchersi dalledtwiditum hatk tInloibos
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can t hronbus Formatlonjust out si de the .
used anticoagulant, heparin (usually up to 10,000 units of
heparin per catheter lumen). The heparin lock solution is
injected into each lumen immediately after each use, and
typically left in the catheter until the catheter is
accessed again. The heparin lock solution is then
withdrawn from the catheter before the next use because
infusing this amount of heparin into a patient’s
bloodstream runs the risk of causing excessive bleeding.
During the catheter lock procedure the injected volume of
solution is preferably exactly the same as the intermal
volume of the catheter. Even when this volume is injected
exactly, however, about 1/3 of the injected anticoagulant
volume typically leaves the end of the catheter, causing
some systemic anticoagulation of the patient in the hours
after a dialysis procedure.

Even with the use of a heparin lock solution, the

catheter can become occluded between uses from coagulation
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tip of the catheter. Inpairment of the flow may | ead
to catheter renoval or adm nistration of drugs such as

clotting of catheters in blood vessels between uses of
a CVDC, catheters have commonly been filled with a
| ock solution that conprises a concentrated sol ution
of the commonly used anti coagul ant, heparin (usually
upft B1d&y G&oltuai &estlmftelﬂepwljol@dpmaym Heved fwmngrs) .
rin Iock sgolution ﬂml 08RG lo¢nen
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cat het er ok procedure the injected vol une o
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is injected exactly, however, about 1/3 o
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of the patient in the hours after a dlarya v1

preEEabtE IERIAREIPT RE Use GF AV HEPAr T es. and
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uses LLomcoaqul ationat, bl ogd n, Lhe catheter. Bhagd

&y SBEe n“the ca ecause, for exanple, an
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CORIBCT R Bt ha ity Car i ens Da e kL L se

umen, or resid bl ood renmmins in
thexfledn:easnsiur Hngetvdle cathetdm vitro studies suggest that

the growth of coagulase-negative Staphylococci on catheters
may also be enhanced in the presence of heparin. In
addition, the routine use of heparin to maintain catheter
patency, even at doses as low as 250 to 500 units per day,
has caused some patients with anti-heparin antibodies to
experience heparin-induced thrombocytopenia (HIT Syndrome) .
This serious syndrome can result in severe and sudden
thromboembolic and hemorrhagic complications.

Heparin solutions have no proven intrinsic antiseptic
properties to prevent infection after catheter hub
contamination. The lack of antiseptic properties of a
5000 U/mL heparin lock was confirmed by a study performed
by BEC Laboratories, Inc. under the standard USP
antimicrobial effectiveness test protocol. “Antiseptic”,
as used herein, means ‘“relating to the prevention of

infection by inhibiting the growth of infectious agents”,

In order to PCBURIING/003971
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repl aced. Furthernore, it has been reported that
thronbi and fibrin deposits on catheters nay serve as
a nidus for mcrobial colonization of the

i ntravascul ar devi ces, and that catheter thronbosis
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prevention of infection by inhibiting the growth of
| phéetiions . adgemdialisigafdriests st ednkihol edi EaF

dhﬁ&éé“yyﬂyw1fﬁnghgnreé{%tant bacteria. The rapid
increase in vancomycin—r;éistant enterococci (VRE) in the
United States has been attributed to use of
antimicrobials, especially empirically prescribed
vancomycin. Vancomycin is used commonly in dialysis
patients for empiric therapy of symptoms of bloodstream
infection because it can be administered once a week and
is effective against two common pathogens, coagulase-
negative Staphylococci and Staphylococcus Aureus. The
greater the use of vancomycin, however, the greater the
risk of inducing vancomycin-resistant staphylococcus, and
if this is the cause of septicemia, there are then no
effective drugs with which to treat these patients. Use
of prophylactic vancomycin and other antibiotics to

prevent catheter infection is therefore discouraged, and
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"biofilnm proteins on the catheter surfaces can
protect bacteria fromantibiotics and white cells.

Al so, heparin induces the |oss of platelets and,

par adoxi cal |y, can induce clotting in sone patients
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patients for enpiric the 0 t.ons
bISSHsf?%ﬁﬁPPngg%tFGna %5§ﬁ QHF?H%%ﬁlBE 5Hﬁ%n|§Fe?%%Pt
omcﬁ By Wwesgkhand dﬁraf:éemsa/@ragadmtefﬁmtnmnmn

pat hogens, ulas atiyv cQc
SFHEH@?%%%%&E AﬁFﬁg gTheonﬁrea 9%9 prgseﬁggé by such

Vaneonycidn, 1homﬁuemheth£gmu9©atef1¢lgzawnSK of a nduci ng
vanco

V2SS oA 5L ggegg i, S0 Mol o
“run out” of a catheter over time. In addition, there are
potential serious side effects if highly concentrated
citrate i1s infused into a patient’s bloodstream. These
problems can be reduced by lowering the concentration of
citrate in the solution, and even low concentrations of
citrate have been shown to be at least egual to heparin in
terms of maintaining catheter:patency; however, lowering
the concentration of citrate does result in a decrease in
antimicrobial effects.

In light of the above-described problems, there is a
continuing need for advancements in the field of catheter

lock solutions. The present invention addresses this need

and provides a wide variety of benefits and advantages.
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effective drugs with which to treat these patients.
Use of prophylactic vanconycin and ot her antibiotics

di scouraged, andalternate nmeans for fighting catheter
infection are greatly needed. Significant resources
are currently being invested in a search for
alternatives to heparin for catheter |ock that do not
have the above di sadvanEBERY and for catheter

forml aligns Lhal Jave, ALl AlePLAPELLdSS

wi t hout™ i €1 Gd ng ant i bodi es. For exanpl e, "'t he present
i meeheoer Haskpselitdes| yousierinbed! wztirebaf ¢ graben
S%&Q%&P@éa ipchudi N ANt 850D @) CONGRRLT ld Ak Of
citrate. Ctrate provides effective anticoagul ant
pepabel exrafieablis daVEnc@ Cathet erny &esbI R i%h and,

at, 13, M gh corcent &AkhaN 4 ireBiuceatnabowe 14796y fei ght)
, Citrate also provides effective, anti m crobi al

pEgperTiey 1DAectirasl enffe GHesBAL BE Y BEcht &%l uti on

| 3ptBat; &:he chbghe.spReGi {4 g biraferd goBSENtIaLREN,
citrate solution nakes the solution tend to "run out"”

of SOERIIREEOR B dtethY iR AP HdaPE | PP hBRE AR O
pahenthal oﬁ%&if ausi-giude &f freahsli f;afﬁ}:%:ml,ygcm entreated
citrate is infused.into a tient's odstrea These
PGOP e TA BT AICED By Lotor | FOPH 10 Sc SRRLnCP ST

t
oweri ng the concent ration
ofi scufed@tierednt hie S6l ubteniedand e ltowany of four

concentrations of citrate hayv : t
R N o
cahhetetryat easyjdvaoneyeryslvower pPrg ided épndentioani oh

Of LA AL 088, { @il L0, 3.08¢REASS dAcanLodi Cr ghtal

effects. Inlight of the above-descri bed probl ens,

t mefletige glensity of the solution is selected in certain
embodiments to be similar to the relative density of a
patient‘s blood, and to thereby optimize the length of
time that the solution remains in a catheter. The
solution in other embodiments also includes a
viscosifying agent and/or additional pharmaceutically
acceptable materials. In one particularly preferred
embodiment, a catheter lock solution is provided that
includes citrate, a paraben and a photo-oxidant having
antimicrobial effect. One photo-oxidant that has been
shown by the inventors to have excellent antimicrobial
properties ié methylene blue.

In another form, the present invention provides a
method for treating patients having an indwelling
intravascular catheter. In one embodiment, the method
comprises selecting a patient having an indwelling

catheter defining a lumen therethrough; and infusing an

10
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benefits and advant ages. SUMMARY I n one form the

I nvention provides an aqueous catheter |ock sol ution
conprising citrate and a paraben di spersed or

di ssol ved therein. The citrate and the paraben
prafuscab| gatimiercbrdemclati hs PEPT Blet i W&o 1S i nat e

i nfactkikon angdLia;irgduce tbesdd kebhhood, ofi spubseguent

infections. I'n alternative fornms of the invention, Ehe
patiEFeAVRES FRATRYP - paishéRVeBrEPy IS paddbisiyagly usefu
cofirhabiony of paet ol rhatabem andePrDRyloxpar aben, or
any one of or a mxture of nethyl paraben, eth
pdﬁgﬁ@ﬁPtb?%ﬁVﬁkpa?dﬂ@ﬁcéhﬂlBﬁ%?Fega?%Bgﬁ.pV@%%“Fth

t eyun ‘cbuhyteris used herein, it is intended to refer
to any _of four isoneric nqval,ent radic hs CAHO

der i ved™f YomBIaRest ° TR EiﬁﬁygnEHﬁLagvgﬁ?dﬁﬁously
bepgravkdesh iimflibeod ateioé tdd dedismeid natk shlwdeat e
or, gther _citrate salt. The rel ative densi f_the
sotthd 8nt1Es et & |eﬁe5értigllendgv %%ilnr‘lé:r%%lée o be
siswdiaget and ke phetmddene idelisi tagcebtablratlioght sslusliond,
ando tt.%.i}:.’lgg rv?lh:ynlgp[:llléns%/?lﬁﬁg ! &gt Eo&i %dlﬁﬁigﬂainctlﬂges
sol Ut1on Femains rn a-catheter. The sol ution i n other
enbicdrentsd &l perdlpml Wdesersad oxo0di$39vgdageaieiand/ 6
adaglpyeggéll:e g@%é‘ﬁﬂ,c@hé YSﬁq_cflg_Qt @&h@ai@ﬁh@r £d Siock! N
one particularly preferred enbodi ment, a catheter |ock
solamitéan| 5s mteviideard-hat i ncludes citrate, a paraben

and a @ﬂgt£E¢Eﬁtgéﬂtaﬂgﬂvkﬂgvfﬁg§ gl groialretfestingOne

pnigﬁaégélﬁgggngtQaguggﬁialfﬁrkmplanted catheter. The
method includes infusing into the catheter a
pharmaceutically acceptable lock solutida comprising a
bactericidal component that consists essentially of
citrate and a paraben. In a preferred embodiment, the
bactericidal component does not include an antibiotic.

In still another form, the invention provides
devices, methods and compositions relating to the
pretreatment of a catheter or other medical implant prior
to use. In one embodiment, the catheter is socaked in a
solution including a paraben for a period of time, and
thereby impregnated with the paraben to provide a
catheter featuring resistance to infection. Such soaking
solutions preferably include the paraben at a high

concentration. Due to the solubility limits of parabens

in water, high concentrations of parabens can

11
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shown by the inventors to have excellent antim crobi al
properties is nmethylene blue. In another form the

patients having an indwelling intravascul ar catheter.
In one enbodi nent, the nmethod conprises selecting a
patient having an indwelling catheter defining a |unen

t her et hrough; and i nfusing anaquepus cat heter | ock
S AUETEMATIES YL e PATRRCIL e CaPaLT ot ¢ PRERhey 1o

Cidikahel and aawpasahanrclbspergedeor di ssol ved therein.

The inventi is_particularl seful i.n treati a
patienfntﬁﬂﬁ%ﬁﬁrdﬁg@hf5@?i%ﬁ?%%n%amgﬁﬁé1§ﬁtpﬁ?v%4%%<aof

i nfiectvondceliated daaikthe’ preeseneer ofTHeheicaidetees &n
yet _another formof the invention,. there.is,provided
Lo AR Ao hade0T CO TS ARG oA 1450k B3P bt Pon i nto a
| woenridirg catheterandThepasabenedi sudusees oa dygsaigedand
a.ph c i€ tapl e | . SQl uti C ai ned
R T R e O e b ek Mot e
ardfaspar dbensdlsplersedtora diugsnl ledrnt hefdephlinon a
pretgreed enbodi ment, the syringe containing the | ock
solution is sterilized. The invention also provides a
met hodF"sitherea®l ¢ sanEARF S Sfay PABLHE SSULGERAl | y

| npl-anted cahhetsleri Thesiethed bRe | 44des<h A tigdn@nknt 0
the catheter a_pharmaceutically _acceptabl e |ock

s GREET BT 08P RT SHiRy 1B atteriePd e SGfponent t hat

consi sfisi1esseBtidlday Qbt@id at enandranpababeferka a

preferred enbodinent, the bactericidal conponent does
n&FrFﬁ%|Qi§eOQHYAﬂﬁiQ§ﬁ8f@%ﬁed with reference to the

claims appended hereto, certain forms and features, which
are characteristic of the preferred embodiments disclosed

herein, are describéd briefly as follows.
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is soaked in a

solution including a paraben for a period of tinme, and
thereby inpregnated with the paraben to provide a

catheter featuring resistance

soaki ng sol ut
hi gh concentrati on.
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Q. J nfecti Such
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Due to the solubility Iimts of

parabens in water, high concentratjons of ra
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er form r nt _invention .ovides a kit for
2| occ@lgrg‘ﬁéejé St iuaﬁt“ﬁls)thc;ltcE eber© gﬁr?gl%n

1 .
he i ncl udes a

cont ai ner having therein a catheter |ock solution
conprising citrate and a paraben di spersed or

di ssol ved therein;
medi um for

aspects, forns,

and instructions,
infusing the solution into a |unen of an
i ndwel I i ng cat heter.
advant ages and benefits shal

recorded in a

f eat ur es,
becone

Furt her objects,

apparent fromthe description and draw ngs contai ned

her ei n.

VWhil e the act ual

nature of the invention

covered herein can only be determ ned with reference

to the clains appended hereto,
whi ch are characteristic of the preferred
enbodi nents di scl osed herein,

f eat ur es,

certain forns and

are described briefly as

foll ows. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is
a perspective view of one enbodi nent of a

13



catheter and syringe for infusing a |ock solution into
a catheter for use with the present invention. DETAI LED

wWORBERSRTI ON OF THE PREFERRED EMBODI MENTS For REIBUS2006/003971

10

15

20

25

30

pur poses of pronoting an understandi ng of the
principles of the invention, reference will now be
made to the enbodi nents descri bed herein and specific
Iangugge will be used to describe the same, It wll
never tFEPELED DESCRERIIONQF THE, (PREEE] I3 he
scope of the invention is thereby intended. Any

al terations and further godifigations 0 Lhe:descei b
Iiﬂg, an any urjt er

f1 ui ds’ “hetolds PUeVi ces” or

appline&plonsfothd hevent bor plresenéndheril Aveer ikenmade to
described. herejn emla : ly
og%ﬁr eft&%o%lﬁnéangﬁiﬁ%éﬁoggt e alrnt g%g S\E/%C\gﬁy% ﬁlea{h%?]l\%g%ti on
r elidflebe .udad sectrdanbe Wie tramke |iHventioncvertbgtpes er

| oek \SeL Ui QR {5.1sed1ER: PIAVndss aiftd Geagel antenand
antibacterial properties to an inplanted catheter as
t Haveptkom dlsutherrvedrleddst t ABY catifeesiopetdiéen uses

. FArsnusebdier sithordshent erdnddsecknsnliutiigy, wefens, to
a solution that is injected or otherwi se infused into

a deyAERs oI Fikat e FHrHsE PRREMMACOA™B OIT 6w ng
?bﬂiﬁ@%%@i @9{ El@l@mé%pai%@ca@ ae}s@htimﬁa her&eiAiagkel N t he

unmen until it is desire r required to access that
p&PPFEWP T 9% AR I Uy H,OIIP?%YCQF?V ' °3adf ﬁgﬁ in the
t me@t PBNthidh. €he imfcision wlawmethdrawal of fluid. It

is desired that at l.east, a .portion the | ol-ut.ion
r enai n-f na“‘tc‘r?g8 %%%nggrE%e élgiePléﬁo%’n@uﬁ?Q%%t% r%%k
| astungod ricmuabduto brholde tamt3conguilagdysndr | onger.

H%%%ngétggfa “S?gﬁé&tﬁgg Léngﬁ implanted catheter as the
lock solution resides in the catheter between uses. AS
used herein, the term “lock solution” refers to a
solution that is injected or otherwise infused into a
lumen of a catheter with the intention of allowing at
least a portion of a lock solution to remain in the lumen
until it is desired or required to access that particular
lumen again, typically for additional treatment, i.e.,
infusion or withdrawal of fluid. It is desired that at
least a portion the lock solution remain in the lumen for
a desired amount of time lasting from about 1 hour to 3
or 4 days or longer. However, frequently the lock
solution is changed on a daily basis during regular care
and sterile maintenance of the indwelling cathetexr. TUse
of a lock solution in accordance with the present
invention provides particular advantages for patients
with catheters by inhibiting catheter-related infections

and by preventing catheter occlusion.
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the present invention provides particul ar advant ages
for patients with catheters by inhibiting
catheter-related infections and by preventing catheter
occl usion. A catheter used in connection with the

presem FHRPERET ofP Y FRcaPIRFEAR et Hert e Sdut e

(LERRF BEY JryRh e PRia6 &1 g ber &) Laidhet esmsitgiycabt y
inplanted in an animal. The cat het I usuzlle’/é[s

| FEBPREY (PP 5STA (TaGReBTY eW?lﬁﬂg dfRefRret ¢ 2

t ypigal | y msedatnessdr ykag intier yabsritcd adnd rd stedn or
fluids, nutrients, and rredi.catﬁons é({lt.o t he hody. The

CAFRETSr aAFSoCRERCHE A8 e hdF B Bods ¥ 1 ds,
sueheasad aedafiotniwredf abids, snbtebdment andhen not in

use,.the catheter .remai.ns iQ | |t ammn|, ¥.an
i H‘F%C\:/aa%lcolﬂsarmtﬁgs? 9 %ﬁfﬁyUntl © %ggﬁﬁéée%ﬁg%? (%:r'eat ment

| sopet flofmmed bodhef lndtihet era) ehablowy fve bewetlialysis
aceordance W0, LS (LIVeD!1an Lhekdds KBOMLANG ics
conmonly” Used cathetérs and are readily available from
apeal gty cPrponheragi ahtsoipscadar Thesidarhet €S Imdy

V@E%sé?umftggggﬁéﬂtOQSaﬁgrﬁrﬁ%d.me type of catheter

conmonly used 1 n accordance with this inventionis a
t unnel Bek citheters tthat PHCINfdesed BufCCPeratiiyMowh of

ticgsye; LR ANcholnd hRCREAR eha EXami1es uska caldieters
that may be used include, but are not restricted_to,

aAPASH SPISPTL EATIY B BRICERT # By~ /&% Adcegynercia
Tachpelogy thkneatdf-ayeit esarkndh ana)f ianda vbec e

,(\@Hg%%%?éﬁé |t3en’_oe Poe{] nc%)dlgggrl a on&no;lr?§|1?se%ag_ple£§crosrd% ce
with this invention is a tunneled catheter that includes
a cuff for ingrowth of tissue to anchor the catheter.
Examples of catheters that may be used include, but are
not restricted to, an ASH SPLIT CATH and DUOSPLIT by Ash
Access Technology, Inc. (Lafayette, Indiana) and Medcomp
(Harleysville, Pennsylvania); Tesio Catheters by Medcomp;
PERM CATH by Quinton Instrument Company (Seattle,
Washington); and HICKMAN and VAS CATH by Bard, Inc. (Salt
Lake City, Utah). Catheters containing totally
subcutaneous ports are also useful in the present
invention; examples include LIFESITE by Vasca (Topsfield,
Maine); and DIALOCK by Biolink, Inc. of (Boston,
Massachusetts). The catheters are manufactured to
function for several months. For example, TESIO
catheters can last for up to four years with proper

intervention. However, in actual practice prior to the
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PERM CATH by Quinton Instrunment Conpany (Seattle,
Washi ngton) ; and H CKMAN and VAS CATH by Bard, Inc.
w@ Sabsd2ake City, Utah) . Catheters contai ni ngp€DUSI00§003971
subcut aneous ports are al so useful in the present
i nvention; exanples include LIFESITE by Vasca
(Topsfield, Maine); and DI ALOCK by Biolink, Inc. of
(Bost on, Mass Qhuse theter ar.e

e RE U RS P Cet ST POF st ) SHEHEa pipice
exm@ee;tfﬁﬁdamt hét ersusaon | ast/ Oﬁfomnﬁqu:ttl@nf ouThe/ear s

W LR REQ effr'emueeﬁl LEPLLON. LHOVEY Sl bla G UAL1REAE R
prior to sent”inventron, the cat ave
exithEblot:edrrermet ed boﬁgwptlyalbé@auseféﬁtml usi on and/

sor infeclion., %%18@%%{]eé§arﬁﬁﬂl&%ny Yo St 0o r gioved

and/ or replaced upon the occurrence of occlusion
arefomirhf geltd davertiure fablepict d0ohe 2xBFPl uBtn g

catheleLy 1Qné QLS8 4D LBES diavent | oMo Galhet &L £0
is a dual lunmen catheter and i ncludes an outer sheath

123hapinglieste @d 3sceni Lapees Hh@ndetdnd ISRRERSYEY -and

16Luﬂre%§p§@taiﬁaslm chktoRN$ 4 anda16cext endrfbagndi st al
tip 1 thr%gigh sheath 12 and exit fromsheath 12 at

10 cothfecti & SEaEhTot™ FHRENS 14 2an8o6° G e ude-
r ed2as abl Bm@elrmm aﬂdaimjlﬂalud{éés_"@&@htéﬂﬁial clEkaph of
IurLe 14rand v }@1 g Y href%j (g 24 and
26al f ch” ¢HT é F Yea yO At BERE At M5t tectlve end
capsm2BaandirB@, thespdsal ievél ¥4 Hdurds wmtdudengba | ock
SO|UtI i%fgntggchgg%ﬁ?%rg£egﬂﬁﬂggagn fro eacg g&nen
_ Cuer ¢onnec |on et ween
15 syn'estpgetsﬁela/nd Ehem@sndmclﬁdmuj 22600k satdieer cam).be
N:ﬁ:nqirugéél gflvﬁ’th%&g&ngsfrom each lumen 14 and 16 by
making a Luer connection between a syringe 34 and the
ends 24 and 26 of catheter 10. Alternatively, fluids
can be infused or withdrawn from each lumen by
20 inserting a needle (not shown) through protective end
caps 28 and/or 30 after protective end caps 28 and/ox
30 have been sterilized by cleaning successively, for
ei%mple with Betadine and alcohol. As yet another
alternative, one or both protective end caps 28 and 30
25 can be removed and threaded ends 24 and 26 can be
threadedly attached via a connector (not shown) to
lines for infusion or withdrawal of fluids (not shown).
Once a desired treatment session has been completed,
the lumens are typically flushed with normal saline,
30 after which a lock solution is injected into each lumen
and fresh, sterile protective end caps are placed on

the ends 24 and 26 of the catheter. All procedures are
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can be infused or withdrawn from each |unmen by
inserting a needle (not shown) through protective end

w@e aps/0225@and/ or 30 after protective end caps 2BCHOS1006/003971
30 have been sterilized by cleaning successively, for
exanpl e with Betadi ne and al cohol . A s yet another
alternative, one or both protective end caps 28 and 30
can be renoved and threaded ends 24 and 26 can be

t REdesHry WIRGCREANIA SCEBNTeCEEF{TGE YROWNTE

| '*&?S;h%@é $1f1uSkO N, OFhMat-RAr amRl catndddiisdS ot ngte Shown)
Once a desired treatnent sessiqgn_has been, conpl_eted,

t HELOh, FBAS HWVETEYBR o3 yof PR G W T RorAalS5alqe,

affeferWhil €N ihchekng Ol Adlrl eRarySi e, njsﬁ])icﬁﬁh i nto each
| umen and fresh, _sterile ngtectlve eqts%ags are
a

S pIRPEY BRI e BRIEVIH Tnd 56" BF t Re T er. Al

préacedovnes. areperforned usi ng standard sterile

technigueg wel | _knawn to £Q€§SW%§ lled ARikhe art. The
cat het ePs™1% 6§e Wit PERPS" i MVEntT oh Yean 8e pt epar ed
f rasmhateariety sofunitrerinal sdidonch tida ey anffor pxEse,

Si%' Cons (90|1yl<1:lr1%tsg§v d trl)lglrg I!L nyk %J_Lédn(:%%eorginary

asticoelastoner. Th one resent i1 nvention
H>prkaldesnethﬁaﬁhet9¥ll-G@hdstﬂwnﬂd@ﬁ8t¢nﬂlmﬁaﬁgtb¢tﬁqmme

gﬁéﬂabfé”u%ép% sedor ¢ Qla&lsghx;ﬁ etg%%&ebﬁ dp person
t ers

Inary skill in the ar readi | t and
t Haztdrpﬁébquhc" patdberfn pge L@@@dﬂ@emef éﬁhet Baﬁ??a% K51

esgarecgédpfronhmewy%&égéﬁ agihg1 Har0Re epbegiment,
the paraben is selected from nethy I%garaben et hyl

p&TEBERT PR PREFRe ALY EHAR able P NEYE P iftoanee

15 Ofoﬁi@M1EV§hﬁabeH§te In another embodiment, the paraben is
methyl paraben, propyl paraben or a mixture thereof. The
citrate in one preferred embodiment is provided in the
form of a citrate salt such as, for example, trisodium
citrate dihydrate.

20 In one embodiment, the lock solution comprises
citrate and methyl paraben. The amount of methyl paraben
in the solution is limited only by the solubility limit of
the methyl paraben in the agueous citrate solution. In an
exemplary citrate/methyl paraben catheter lock solution,

25 the concentration of methyl paraben is from about 0.005 to
about 0.5 percent. In another embodiment, the
concentration of methyl paraben is from about 0.01 to
about 0.5 percent. As used herein, the term “percent” or
the symbol “%” is intended to refer to a concentration

30 measured in grams per 100 milliliters of fimnal solution.

In an alternative embodiment, the lock solution

comprises citrate and propyl paraben. The amount of

17



W b@oee250 The citrate in one preferred enbodi NeCE/USR06/003971

10

15

20

25

30

of said parabens . In another enbodi nent, the paraben
i s nmethyl paraben, propyl paraben or a m xture

provided in the formof a citrate salt such as, for
exanpl e, trisodiumcitrate di hydrate. In one

enbodi nent, the | ock solution conprises citrate and
nmet hyl paraben. The anmount of nmethyl paraben in_the

SOIPPY drPIEERERNT ? ddico Py blP™t B8 SHTUBA PRYY | P 0 Cof

t he1rBt Dydy Ranabesk ichet PEoRAUGAUSHE tihatBe S&dudduBN. | N
an exenpl ary citrate/neth%l ar aben c%ygeter ock b
sEIERbR, SHE 18BN &Rt FRL FONOP et hyi FaFa R adin
ahgitheQe P 0 kosabliton). Bhpetmenhtrd i anotheropyl

enbodj nent, the concent i.on _of | _paraben s

f FOHPRBRUS 8T ?Q%"”%b@uég%.@ s@%@ﬁ#%&%%@% heIIrnei n,

t hectaem dpendaait, ahet bensyrdrebid¥fofi sronyenoswbes is
refer to oncentration asur in granms per 100
niIPP1??%?%%opgf?%éﬁmgglﬁgf ﬁgc %tan al ternative
embodi merdnothhe pociersef wtilonivenpr itdes lofkretletand
PIORYL 1 PAL AR . TNE, UYL QPO MYCIRAT BRPLL LI e
solution is Iimted only by the so ubl||t¥ limt of

t reropybpydraparabein ian R EGEFoO5t e 1/ @LEREDI ution. In

ari)a%ﬁgﬂ}ﬁ%y@ Ldahfn/ PLOPWePAbEREN16REBRT efhd @Gkal
solution, the concentration of propyl paraben is fr om

alseBreRt VUG- OR0CALBIR POTSPYET dEnt T O FRRNGL Re?> to apout

erpedpLBeM L t hen concant r éfdenmeht priofylkopat aben is
fromabout 0.01 to about 0.2 percent. In ano

t her
PIOPSPREER WifBodf gttt PR R SHPHtAPEH teBnpri% &dout
cCit.naberand .a m xfdt enefhdpetdipbd pasrahenhandopreapyhtion

p%&aggghﬁﬂgmggbgf%gpggg% g&&ﬂ?%?é?%&b%%out 0.5 percent
and the concentration of propyl paraben is from about
0.005 to about 0.5 percent. In still another embodiment,
the concentration of methyl paraben is from about 0.05 to
about 0.3 percent and the concentration of propyl paraben
is from about 0.005 to about 0.3 percent. In a particular
embodiment that has been found to have excellent
properties, methyl paraben has a concentration of about
0.18 percent and propyl paraben has a concentration of
about 0.02 percent in the fluid.

Although it is not intended that the present
invention be limited by any theory whereby it achieves its
advantageous results, it is believed that the citrate
prevents coagulation by chelating the calcium in the
adjacent blood. Decreasing the citrate concentration
decreases the effect of calcium to catalyze numerous

reactions that form blood clots. Citrate as an
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par aben/ propyl paraben catheter |ock solution, the
total concentration of the parabens is from about 0.05

WO 00808250 0 . 6 percent . | n another enbodi nent PCT/UR®06/003971
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total concentration of the parabens is fromabout 0.1
to about 0.3 percent. In yet another enbodi nent, the
concentration of nethyl paraben is fromabout 0.05 to
about 0.5 percent and the concentration of propyl

pamabenagsl fntorrblbvisr 00005 % raberally. Brpeeriedc. 21 n

Steoha <ADPLNEL, g@bpgasrzeag,hmle aGO0RceN Sati pp of met hyl
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t at as been found to have excel |l ent properties,

metthyrhe paimtsdn aheathe tesnc et PAEi BRS ST TaBo BT LTSt

pereent, and-Reopy!pRakabemn hasoakcaneanbhait an of
about- 0. 02 percent in the fluid. Although it
I"i
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is believed t &Qe citrate rev goa&&l atl on
I

b)?fcﬁEP’ﬁtar}?f@ltt IJ1e c%ﬂ GRF 47 ©RE S50 acenPf

D%ﬁhbeaSﬂnéltgt theteats aIsepcetm&ntantaal omaacreases ofhérom
% g a' C “mt% catalyze NUOELAQUS LEAGH., QNS that
t PRFe"8s anan i coagul ant™ cat het er
I @ﬂkraSe pcrffpelealshiy {r esentcaattrat tomceNtupatd crbcatt EPRast
as hlgh as necessary to significantly decrease the
i 5§64 cal ci um concentration in bl ood, even when the
| ock s@hetdtmvei somidniradidns Breodratentied £ p RFECgnt”

C%Ehﬁggﬁl 'ﬂ}lggﬁuﬂﬁ%ﬁ%Eéﬁg sempadipenty, s0ditHagGi trate
'S presebt, In a lock solution at a
combinations of salts of citrate are combined, such as

trisodium citrate with citric acid, for example to obtain
a certain pH, it is more accurate and helpful to express
the concentration of citrate as a molar concentration,
with a certain percentage of salts being sodium, hydrogen
or other cations. Thus, in one embodiment, citrate is
present at a concentration of at least about 0.004 Molar,
more preferably from about 0.01 to about 1.0 Molar.
Another embodiment includes ;itrate at a concentration of
from about 0.1 to about 0.5 Molar. Yet another embodiment
includes citrate at a concentration of about 0.24 Molar.
At a citrate concentration of 7% by welght, the
citrate has a strong anticoagulant effect in the catheter
lock solution. At this concentration, however, it is
believed that citrate alone would not provide a
significant antimicrobial property. The present invention

relates to the discovery, which has been experimentally
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concentration of fromabout 1 .5 to about 47 percent
I n anot her enbodi nent, citrate is present at a
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In yet another enbodinent, citrate is present at a
concentration of fromabout 1.5 to about 15 percent.
I n another enbodi nent, citrate is present at a
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a certain percentage of salts being sodi um
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cdreentiiad icanyol s 79 drp teedghts, stheight rsaflénhasolaition

ong tlcoagula fect .in the catheter | ock
EFVFl%hq: A “Eht'8 S%ﬁfgn:?gtlon TItiowever, it is

belIeVEmkuHunmocethameegbeﬁﬁpnngahdlmmnrqmg@¢|géfqpt
S'egcﬂt%téfeac{“ ga@tagnwr%@ ala 2P TReLE Ve, & esent

i nvention r covery, has been
expert ket pest afvivinshed kehandapemdanir e fotheirt &fe,

met,Aay L. pariaken @ﬂduﬂr Op¥aRar@hen.has Hpexpeeied and
surprisingly effective
Example below), a solution including 7% citrate by

weight, 0.18% methyl paraben by weight and 0.02% propyl
paraben by weight was shown to have substantially equal
antimicrobial effect on a wide variety of bacterial
specles at a pH of about 4.5 and at a pH of about 6.2.
Further information regarding experimental work
involving these solutions is set forth in the Examples
below. In a preferred embodiment of the invention, the
pH of the inventive catheter lock solution is from
about 4 to about 8.

In one preferred embodiment, an inventive catheter
lock solution includes citrate (provided, for example, in
the form of trisodium citrate dihydrate) at a concentration
of about 7% and a paraben component haviné a concentration

of about 0.2%. In one preferred embodiment about 80% of
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anti bacterial activity when used as a catheter |ock
solution in accordance with the present invention. In
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solutions including citrate, nethyl paraben and propyl
par aben di spersed or dissolved therein effectively
killed all species of bacteria within 1 day (and nost

wi t hi n one hour) while a solution including he oarln
arfd*®aPpaF e ﬁomao%?ﬂltuﬁsoﬁe?% B&F A ATChePant '®

PaibeRrasers @bbbodhd NEl yebma @awbgz% citrate and a
straight saline solution have little or no effect on

the orQaliHe™. CRT RS NBR 2ot Res ek cBIHe ARy catheter
antdcw ssnhiiah ebfecic exbi bbtedohy dhercti beahelfangbesay

e has s ri singl been_found to be independent
e = e e GRS S i
shsﬂmsithdIuadEmﬂntﬂ&admehau@: duaisgl itd dnfiptbudiaiged %o

LgLeL By el abit, 0. 19% Jeiy) paraben b vel o jand.
subls;pahh@ aialtiyeequaéquaﬁt Eoni @reobuabn e\fq‘lewme oh thamM de

V%raltﬁé%?xof Qggé&&%&' rSPELL <>r%|50§l Q% AROUS ¢ aa AR ¢

of a "Furt ornmati on regar
e%@ércw@rﬂt@rr wor kvninedLyi wrphedeset solowilyohg ﬂsawsetf

f%ﬁ%@d'{hEJMEhE%ﬁgﬂgfﬁ% helaw.. ¢ pha prefecred; enhodigent

he invention, the pH of the inventive catheter

| @éheﬂéollqgku 5ALTE gy éﬁfpaiabﬁlféuﬁes bt the Podped the

pretrEtad 1anbegh B endNot NYRNLLEME: 3t RELEfg | AK time
sol ution includes citrate (provided, for exanple, in

t FB2E o 3R6F PRYERRNl Ghreyiradacaiffirate) at a

concentd atheOBase of concentrated citrate, for example,
gravitational effects also come into play. It i1s of course
understood that the densities of citrate solutions increase
as the concentrations of citrate therein increase. The
relative density of 23% citrate, for example, 1s 1.120,
which is significantly higher than the relative density of
blood. Thus, when the patient is standing, the segment of
the inner portion of the catheter in the vena cava is
vertical. Gravitational force causes citrate at this
concentration to slowly leave the catheter. In the
laboratory, in some types of catheters positioned
vertically (such as the double-D shaped Ash Split Cath
catheters), 23% citrate lock can be shown to slowly exit
from the distal part of the catheter over 3-5 days, into
blood or blood substitute (with the same relative density).
In other catheters (such as cylindrical Tesio catheters)

the 23% citrate lock does not exit over time.
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of about 7% and a paraben conponent having a
concentration of about 0.2% In one preferred
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par aben and about 10% of the paraben conponent is
propyl paraben. A problemthat nust be addressed wth
any catheter |ock solution is that the solutions do
not permanently stay within the catheter. Sone of the

cat het &P VHicle SsPgiFomaari tadkarécenthalt tsedentHet of 2

durddig sbhecid usi opdeheniabniterdd 3i0f drlae1bnjectsed
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I apses ‘between
t rcmﬂlméﬁtsat al ploheatase Oficeaceat rled edscp‘awaxt avithor
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|s of cour se under st 00 at the densities of ci
sdihgt eoness wér ehseloak shtuciomcenthetdione . ofn cigntatie

t hefRkRnbRG! %@Sf?he Thechel al | e densidoe gfongéf/elcélttl%ﬁt En
for exanple, is 1.120, which is significantly higher

t FartoFhes P RItAPRvES deRsrEsd oTuchl Bbat CHruseraken 4héhe

peutdc&nt;owtls)hamgl AgrithensegreBLe Of o the ueﬂgit@wft LRa
the catheter in the vena gava_is vertica

szf\}zllﬁﬁ’f | DIFAPCfored EHE T U PRat e atoth F§lt ‘the
caipcepteatd@iing ot Qoky pedva tbeacaihetepratie thReree.

| abor at or SO es of catheters I 1] oned

vertic FIJ;//'# P?E?:‘Ff’eg t%’%g Godsresh SHApLE 2@ ‘lsﬁﬁel? TCath
citrate) alone is the concentration that matches a blood
relative density of 1.040. This concentration of citrate
does not have significant antibacterial effect at neutral
or acid pH; however, the antithrombotic effect of 0.24
Molar citrate will remain very high even with some
diffusion out of the catheter. ©Not only is the specific
gravity of this solution at or near that of biood, thus .
minimizing or eliminating the “running out” of the solution
from the end of a catheter, but is has also been shown to
exhibit a surprisingly high antimicrobial effect when
combined with a low concentration of parabens.

In one aspect of the invention, therefore, a catheter
lock solution comprising citrate and a paraben is provided
that has a density of from about 1.000 to about 1.300 g/ml.
In another embodiment, a lock solution comprising citrate

and a paraben has a density of from about 1.000 to about
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catheters), 23%citrate |l ock can be shown to slowy
exit fromthe distal part of the catheter over 3-5
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relative density) . In other catheters (such as
cylindrical Tesio catheters) the 23%citrate | ock does
not exit over tine.ln vitro studi es have indicated
that the density of a lock solution is inportant in

det 5% ARy t HE Fehigh Foerhet mEcHarerhe 4 dekk st lutiion
I eIBRS sk Ay the raat helen. pThedieliat h¥vg, denshbyiqf bl ood
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cHAFELEY PO ForoRYort - {RP ht¢ ébatitve: WhsVRY - hilgheet

t hald thBi-Seiisoahased dontigvanciatdhebter £9SItibANESprising
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t SR BB bGP T DS h G gl € echete?
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pHEChBWEN &Y, °f he RETEPRh? brvotirereffiedtd ér Bhoarwbiar

Civii bRt 6Ff WHd presdith qeety: i igh .everoMithnseamei (i kthusi on
out of the catheter. Not only is the specific gravity
of *PAT 5*%0IPGEI b ATVBREMERAUSt RAFeot B 66ding His the

retention of the catheter lock solution within the catheter
between treatments. When the relative densities are
relatively close, gravitational force does not tend to urge
the catheter lock solution out of the catheter when the
patient is upright. Similarly blood will not enter the
catheter when the catheter is upward directed as in the
femoral vein when the patient is standing (as can happen
with a low-density catheter lock such as heparin).

In another aspect of the invention, the catheter lock
solution may also include an agent to modify viscosity,
as described in International Publication No. WO
00/10385, which is incorporated herein by reference in
its entirety. The presence of a viscosifying agent is
particularly useful, for example, when the relative
density of a given catheter lock solution is not the same

as the density of a patient’s blood.
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mnimzing or elimnating the "running out" of the
solution fromthe end of a catheter, but is has also
whema/os2omn to exhibit a surprisingly high PCT/US2006/003971
antim crobial effect when conmbined with a | ow
concentration of parabens . In one aspect of the
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but also by the cross-sectional shape and area of the

L

particular lumen(s) and the viscosity of the lock

20 solution. A lock solution of the present invention is
preferably prepared to have a viscosity and density such
that a substaﬁtial portion of the lock solution does not
diffuse or flow out of a catheter lumen under normal
circumstances within several days.

25 Viscosifying agents that can advantageously be
selected for use in accordance with the present invention
include those pharmaceutically acceptable agents known or
commonly used in treatment of animals including humans.
Examples include, but are not limited to, dextran,

30 polyethyvlene glycol, glycerin, polygeline, and non-
metabolizable sugars such as sorbitol and mannitol and

mixtures of these compounds. Viscosifying agents that
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the catheter | ock solution out of the catheter when
the patient is upright. Simlarly blood will not enter

in the fenoral vein when the patient is standing (as
can happen with a | owdensity catheter |ock such as
heparin) . In another aspect of the invention, the

catheter | ock solution may al so include an agent to
nodidnpage sdes ivipcoastdedcri beek iswliht@r mdtlioonal higher
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herein by reference in its entirety. The presence of a
vu@@@%?g@%& sgeneei ot parerefarthy UEF Holutspn from
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pat i elibise pitodd. TREreTOrE, that cortarh preererFepnd

erpadi FRNd:Ss dRpkAGknS Glpdhi B Isslageoamd:leﬁzfehat a
conprises citrate, a paraben and one qr, _nore agents to
acﬁaﬁgtlck’z]r%‘%&gf“fe? td Isﬁnr‘é’f AP PREY | YR W B hFF & -
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Il{_q]%n. Th quble | unens_ can bef sed ad ent_to
eac e“c%) erdeci)cglk:J he cnéag%bgojf:ovﬁcsé:ﬁ rﬁ’:lrlg ‘F‘ﬁe UrEns can
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di scussed "above p enonenon common t o nost
setlgspbagnatshefato &heér of ontastd -t hEhs ginfticentte afffect

dicgt ahe enNd 9t ot heniumen didfdses, i o Ahe-Patl ent e
bl cod stream and is replaced in_the catheter by bl ood.
TﬁétF%ﬁgaqﬂncentratlon, is achieved by the inclusion of a

paraben or a mixture of parabens in an amount whereby the
citrate and paraben together exhibit an antiseptic
effect.

An inventive lock solution can be prepared to include
a variety of other pharmaceutically acceptable agents.
For example, the lock solution can include salts, such
as, for example, sodium chloride or other sodium salts.
The lock solution can also include a variety of other
antibacterial, antimicrobial and anticoagulant agents.
Such antibacterial and antimicrobial agents are well
known to those skilled in the art and can include,
without limitation, gentamicin, vancomycin, and mixtures
of these agents. Additional anticoagulant agents that
can be included in an inventive catheter lock solution
include, for example, heparin, urokinase, tissue

plasminogen activation (tPA)and mixtures of these agents.
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area of the particular lunen (s) and the viscosity of
the lock solution. A lock solution of the present
invention is preferably prepared to have a viscosity
and density such that a substantial portion of the

| odters shat doricdoeslamt idich idee hepaffow et hepanin is
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in the art, in view of the description herei n,” can

r eHRd by fomer i desPr f @énsﬂ?%%dvilgc‘é%ﬁaﬁ} farJy

a E@ﬁ&hh@éﬂt@%a@aé&eé&fe Wst hauts unge experi nentati on.
It is of course understood that the need for

VISCO§F?§nq¥ge§@%Qﬁ§5qfsa pharmaceutically acceptable
agent that can be included in a lock solution made or

selected in accordance with the invention is a photo-
oxidant, such as, for example, methylene blue. As used
herein, the term “photo-oxidant” is defined to mean a
photo-oxidant that has antimicrobial properties when
present at a suitable concentration in an inventive
solution. The use of methylene blue and other photo-
oxidants in a catheter lock sclution is discussed in U.S.
Patent Application Publication No. US 2004/0092890, which
is hereby incorporated herein by reference in its
entirety. The present inventors have discovered that the
inclusion of a photo-oxidant in a catheter lock solution
along with citrate and a paraben results in enhanced
antimicrobial properties. As such, in another excellent
aspect of the present invention, there are provided

catheter lock solutions that include citrate, a paraben
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reduced or elimnated in a | ock solution having a
relatively |lower concentration of citrate and a

antiseptic effect of the citrate, which is reduced by
the reduction in the citrate concentration, is

achi eved by the inclusion of a paraben or a m xture of
parabens in an amount whereby the citrate and paraben
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M Xt ulesowné drivednagentts the Addichiconal tawt tooagitranton
a%{:%et BﬁtoQ%QiQ%e nel gﬂsdséﬂlténn' ventiye cathet g

| ock solution include, tor exanple, heparin,
ursk(ilAgse! - t ilos aec Pleas rithodiarendct FratdconettRA)iandot
Mplbes: Ofo:tigse %ﬁgﬂ%SfW‘ﬁ{‘ ishe antheaaotl antyou

i ncl udes heparin, heparin is preferably present at
a 1o6Aceaf ¥t mdn ofn fataml apeuitheroemiatiimshin the about

JQmQ@QntEﬁﬂﬁ%h”Bf @h@'bBB@BIE¥§HéEkC§A|ahea§$8¥ﬁfﬂﬁ @roml t
is meant that the | ock solution and the included salts

a8t hertadgdrit vER WRP hOGre,. Wit hiat eRetRope of
S euiRdameshiCalhp UsgiRRk ra Skt &3 end ghMseok LNt ACthe

\MfaﬁiglE§L¥¥%mogbgﬁgn%n%oa£%Lut 100 mg/100 ml. In a
further embodiment, the concentration of the photo-
oxidant in the fluid is from about 1 to about 50 mg/100
ml. In another embodiment, the concentration of the
photo-oxidant in the fluid is about 10 mg/100 ml.

In addition to enhancement of tﬁe antimicrobial
properties of a catheter lock solution, a photo-oxidant
is advantageous in that it imparts a color to the
solution. The present application also contemplates the
use of other coloring agents 1n catheter lock solutions
made or used in accordance with the invention. Coloring
agents can be used, for example, to provide a safety
function, indicating to ocbservers that the catheter
contains a catheter lock solution. For example,
methylene blue at a concentration of 10 mg/100ml has a

dark blue color in a syringe, and a noticeably blue color

within the clear external segments of the catheter. Over
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| ower animals without undue toxicity, irritation,
al l ergic response, and the like, and are commensurate

typically necessary that a conposition be sterilized
to reduce the risk of infection. For exanple,

phar maceutically acceptable salts are well-known in
the art, and exanples can be found in S .M. Berge et

al timegeshe i mRidilARack g SPAUTion PRahibe eliEiiasl the
Scir%'l@l% o@%é‘tﬂle%er%%a?de éﬁ%cbﬁfur%)éﬁaﬁé eozpfs:ﬂlcone, but

phar maceutically accept abl e agent that can be included
i nth§ F8eRCsRA tHaCEnSPretfe oar S5kt e@PEES| HRacEsPeRhte with

t hediweni b dkerai phad10eXi ﬂmefoiacbh@qarefseﬁc@mhqe,
rreth | ene bJue., A s used here| n,

term | |
SBXTHAR s seRFFen t o ﬁélaﬁ gl’b}%}'o%x?%ant
t hats shase ant iudec OBy @lenpoopesidresovhempriesett wtica

sud'it blre conce entlglatéoer}ltlsn an Hé\ée tolll nol ut i n. The
use T6FTRRE Ky SRa B T AR d> ot HEFphat bR dart s“Th a

cathebée, |®1‘:ﬂ<fe$9htlt¢mra]ts d@mmsgedmms JUASEfPadment
Ap i atl on Pukgl gatl on Us 2004/ 0092 89 0o whi ch
concentra Oﬁ mlxtures,
aﬁfer e%y i ncor por ated her el n re ence i n | S
erﬁtqlluettyns 'Iﬁi@tprtesétme |omhentaairdsthave, diwdhower et hat

hﬁ alpeL usi I%cgfdg@ tgrogggtd@]gtot&g a catheter | ock

utton a citrate an araben results in
enhanééda%#ﬂﬁwmcF@birailenmb@eqamhﬁer recksgehutiqns, as

a%*sh%&bé‘aﬁca%olv%nt resSReeteRf LRenPkssentsd pyspidan,
there are {)r ovi ded cat heter | ock solutions that

i ASEREes 3% riatdPl el yhiaberaiifsa 1phet R igRil dapfing an

diissabyverthd Nnkthevsadliti-oBatidteone pf efrr egdesmpodi ment
hot o- oxi dant i s nethyl ene blue. Alternative

bﬁ%ggeg&q%kuﬁhg f?ﬁﬁn§ﬁgﬁ B@pgﬁﬁe@cﬁéﬂethod that includes

selecting a patient having an indwelling catheter
defining a lumen therethrough, and infusing an agqueous
catheter lock solution into the lumen, the solution
comprising citrate and a paraben dispersed or dissolved
therein. In a preferred manner of practicing the
invention, the method comprises infusing an amount of the
lock solution that is from about 80% to about 120% of the
internal volume of the catheter being locked.

Once a lock solution is infused into the lumen of a
catheter in accordance with the invention, it is
preferably allowed to remain until it is time to access
that particular catheter or lumen again. It is
desirable to remove the catheter lock before starting
the dialysis procedure or ﬁsing the catheter for fluid
infusion, especially if the catheter lock solution

includes heparin.
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tol ui de blue, trypan blue, neutral red and m xtures
thereof. In one enbodi nent of the invention, the
concentration of the photo-oxidant in the solution is
up to about 1500 ng/ 100 m . In another enbodi nent, the
concentirarFloer ¢fspehes phottbeokirdattonn tlire cRlcbetes s

fromaleat e dod @ ARQYL: P QA FBLL QAL - pd Aiihil hiby @00t her

enbodi nent, the concentration of the photo-oxidant in
t WEXoed 1aET ComPaBotR upetof AhFFESID0P AFAEBOPPHY, | n

yelparat Bes: odiapnty ARerconcenbratinpief the
photo-oxidant in the fluid is fromabout 1 to about

10PPHgLe00 Wied R ReFiiaer Eodifredtcesshéhe

copanbhath optief st@e phatigexilantel peth@nkbyid is from
abonhv 1 to about /100 M. In anot her _enbodi nent,
t HE® 6&88n‘i‘rr‘daﬁx6ﬁrb‘?r tBﬁo?rcga&iu HRant™s APERESF uid i s
abmﬁseleaﬂ@étk&@ ﬁilsolk[hv&délfisﬂen off obedtharicenend of the
roblgl . I ertl cat heter_l,ock sol ution,
a p%ngtao oXi dat O%dv%% SHeGUs R t Mt PP Yrt s a
ccziwemltboeaheii&abfahte)molﬁheoqm,eaembclammmwabnon al so
%H!L gﬁe&kt&%% Uses of [ather, gal of dPs%@Q%QES dﬂ
S ance

cat eter 0 u ons Pade or “usSed 1 AcEor
wi ddtheher i nvameiropatl@dlegei wirltagerksotamflgetused, for

examl,8e éﬁ tg}éﬁdﬁlac 2861 ya LURELEON, icAdI SQEéﬂ]i%lto

observers e Cat eter contailns a cat heter
sanitpdnil st (exanpd eherpepiytiadnachieis aysjem) and

coneenbiali Rk 404/ (100 hassRin) .

The present invention also contemplates the
pretreatment of a catheter to provide an infection-
resistant catheter. In an advantageous aspect of the
invention, therefore, a catheter selected for
implantation into a patient, such as, for example, into a
vascular site of a patient, can be pretreated with a
solution including a paraben to coat and impregnate the
catheter surfaces with the paraben, thereby providing an
infection-resistant catheter. Generally, it is
sufficient to soak the catheter in an excess volume of an
agqueous paraben solution, followed by washing in water or
in a solution mimicking physiological conditions of use
to remove non-absorbed material. In a preferred
embodiment, however, it is desirable to soak the catheter
in a high concentration of paraben that exceeds the
solubility limits of the paraben in water. In one

preferred embodiment, the paraben is dissolved in alcochol
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dark blue color in a syringe, and a noticeably bl ue
color wwthin the clear external segnents of the

lightly stains the inside of catheters made of

pol yuret hane or silicone, but the injected | ock
solution still makes the segnents noticeably darker in
col or. Therefore the presence of the |lock solution is
r eC0gnI"2EBT @ 1PROAJE TSR, 19 iepERErMr £6 ae@ked

systeiafl ColeOlaeROf&h N@ttored itavhhchnid ff-ehent has an
colorln%?ggints are used to identify, for exa

di F1&€ré etsllﬁfén%%ﬁﬁ’eﬁfl?%‘f‘f%WhﬁFH‘ter]egnP B‘é?%kfé’ﬁo

CONEERt bal I 1% 106018 Xt Whes, a WolRehBAPSonRtkise! eHtens
t hat inc%ude ot her additives

e b AE T e CRRD R Y PR T HRD B%ualeent 58 B e

i nvtenteiizwe cat heter | ock sol utions, as descri bed above,

the present hayentlon, aLsgqAbovi Qeshggtv%%d%&f of

i nhi bitrng infectrons 1 n an ani nal
i ndﬁeﬁ1p@&ymemupameéunﬂladeczndﬁepen b¢rtnﬁw£edspect

s% Oh&a a]ﬁo'%%e' nvent i.on gf{é’v'ﬁn%%%cél ’ertxﬂ%gmépﬁt are

|n es selecting a patl aving an In ng
c@w@ﬁéle def icaphgna angnemprdmersipp ougle ramdbemf usi ng

an AQUeoN s catRet &fn ek 50! whiceps i1t Q. he, Lunen, the
solution conprising citrate and a paraben dlggersed or

di SssmoRtPIHEr BF neo g iprefteriads rraﬁ?w&pleﬁ a&dci ng

t R teRVETY 108, rifeeATehed: LOMPLL $8SH}RdSi Ng an anount
of the lock solutjon that is fromabout 80%to about

/BT S @S nf et 1Sy oFGRE™f the cat heter being
|O(<ﬁ©&§teﬁ‘wf&uarb@@i§/1%@|ewtlma’trlo§ pdusedyishe the |unen

of 2, S3NEL | N AGGOLIANSR W ERLNS dyeption, Tt is
latex, elastomers and Dacron sealed with gelatin,
collagen or albumin. Devices especially suited for
application of the antimicrobial combinations of this
invention include, for example, peripherally insertable
central venous catheters, dialysis catheters, long term
tunneled central venous catheters, peripheral venous
catheters, short-term central venous catheters,
arterial catheters, pulmonary artery Swan-Ganz
catheters, urinary catheters, long term urinary
devices, tissue bonding urinary devices, vascular
grafts, vascular catheter ports, wound drain tubes,
hydrocephalus shunts, peritoneal catheters, pacemaker
capsules, small or temporary joint replacements,
urinary dilators, heart valves and the like.

One embodiment of the present invention,

therefore, is a method for impregnating a non-metallic

30
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the dialysis procedure or using the catheter for fluid
i nfusion, especially if the catheter |ock solution

i ncl udes heparin.ln other aspects of the invention,
the catheter |ock solution containing citrate and a
pareabealmayp rarti Wi tletéepairaben canivet 81y (Fhedsters adcess
toEé?ﬁQ%& body.spaces, Resi-dess gl RerOfr At eries. For
exanpl e, catheters used in peritoneal dialysis access
t r@rf?@mrctféhve@m%ft RePTFREE BefiHedibytinerpEFht dheal

merrane and, £xL,855 0 Norg@nt. Bﬁs Or@@nsgp ﬂ/ltn@e rabdonen)
These catheters also have a risk of bacterial and

f liRjaltieBntarfitnaerdn.2 RPEERORIG /i BetkhTd iAPLIthg

pefideaneaha i @h¥Sat & S ehut HbORSendpbBtdatsOkuti on
|nclud|ng citrate and paraben is | nfused into th

CAHSTPD O HOE BASLHAGrEPNE 1 FER F PRPest o o

I nedrudevead hater sat etyhe fuebmeditrbt aslder depbedater ebr al
spi nal Eluid rognd t e centnfl .nervous s sten) and
t HPSUbEEt 3 PACETEINGRY TH4°8ki 1) "°°THe present
|mm¢ﬁbgﬁataﬂ§m.caen&ﬁmbaEESQthﬁmpredweaﬁnentnof a
catfieter to,orovide an infectQnigsi éatt%%‘teﬁa&‘eét%{er
an adVanFageous asp ect o% the nventlon erefore
catdeicer 1seskcemeédlrﬁ orhei npﬂanicat icen beatveraegatd ersry

s r 0 r.
pg%?%%%grggn:féﬁ%P%?Fgégéd Wt %yg%'ﬁih%%lﬁﬁiludlng a
pataiendt oo cvak bhel davpesghate elieleast about an

hour, and often significantly longer.

After the impregnated implant is removed from the
solution, and optionally allowed to dry, the implant is
preferably rinsed with a liquid to remove excess
paraben from the surface thereof. It i1s of course
understood that the invention can be used in certain
embodiments to pre-treat a portion of a catheter or
other device. In the case of an intravascular
catheter, for example, it may be desirable to pre-treat
only the lumen of the catheter. This can be done by
simply placing a pretreatment solution into the lumen
of the catheter rather than soaking the entire
catheter. Alternmatively, it is possible to pre-treat
only a portion of a catheter that will reside within a
patient’s artery or vein, or to pre-treat only the
portion that lies transcutaneously.

In another aspect, the invention involves an

infusion device for infusing a lock solution into a
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an infection-resistant catheter. CGenerally, it is
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an aqueous paraben solution, followed by washing in
water or in a solution m m cking physiol ogica
conditions of use to renove non-absorbed material. In
a preferred enbodi nent, however, it is desirable to
sobknarhefcat ¢rethettern dhei ghivoireedevate omcdhdparaben

ths%}rl%égesgég fia ?Bé&*&l '1'0%111/—'49 ?t%lé he,RaLEPaN gun

I'n"one erre odi ment, the "paraben i's
dl@ﬂnﬂaveédlWﬂ?hh@ohb?oﬁynin%até?@%ﬂ1@6h0$°#ﬁﬁ%99re and

thﬁxﬁ%ﬁﬁﬁ&eélﬂféﬁéo%ﬁ?%.Egggﬁgﬂ]digbgrgéihﬁ;gﬂssolved

pretreated in this manner, has an increased resistance
t oFheFedBt | oFF h@referiest praREdaft ot pRsiiiaAS

pasddicuhany yemhencRr sl bAN £ Q¥REL SiAgh Ci tthate or a
solution conprising citrate and a paraben is glaced

t FEFEAe FRRiRe ZAYRREATCERDY atsed Fﬁa’rn%ls\fﬁ GGty

of1 Qtkheb1pel JHEmi-6 ﬂﬁfﬂt&al—.eﬂajhaﬁ:eﬁaﬁadih bejteepdred as
descrlbed abov For _.exa medi cal de |ce$ that are
gy 2

arRSdb PE L L5 JREFRES dfYd 2F afi BRCHY %ben
scﬁyxtmge amlmﬁecmmg nmtaahdae&ienahenl athes p&mch as

Yimeri ¢ terl les aof such
mra}i écreira sl%?lg OclinEbS@F lngleas?rmj Sj%y es e @
pcdqnmeeehammﬁ,at$abh:nn1$hecxunxﬂge dlrectly to the
(RQlyt %afluoroethylene) , Dacron (polyethylene

tetrapht alate) , Teflon (polytetrafluoroethylene) ,
| at ex, Tel asetdiver sspert DAcken iswgnedon tthegel &3 i n,

CQhlA98Ra0L albumLa.1JRvices espestablarsubhed for
embodiment, a kit includes a container having therein a
catheter lock solution, the catheter lock solution
comprising citrate and a paraben dispersed or dissolved
therein; and instructions, recorded in a medium, for
infusing the solution intoc a lumen of an indwelling
catheter.

As will be appreciated by those of ordinary skill
in the art, in one form of the invention there has been
described an aqueous catheter lock solution comprising
citrate and a paraben dispersed or dissolved therein.
The citrate and the paraben preferably have
concentrations effective to eliminate infection and to
reduce the likelihood of subseguent infections. The
solution can include, for example and without
limitation, a member selected from the group consisting
of methyl paraben, ethyl paraben, propyl paraben, butyl

paraben and mixtures of any two or more of these.



application of the antim crobial conbinations of this
i nvention include, for exanple, peripherally
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catheters, long termtunnel ed central venous catheters
, peripheral venous catheters, short-termcentra
venous catheters, arterial catheters, pulnonary artery
Swan- Ganz catheters urinary catheters l ong term

uri nar yRdews @e@odtm@%efbewuweaﬂ%r yt@e@péet:,lon

Vasait-ate dmdfing %sgl%%&nar eatNeeFePAEd SmpWRYALhdr ai n
t ubes, hydrocepha us shunts, peritoneal catheters,

p&eEREKEPT CiFSiPest b MRPFSRYT A ¢RBOPArTE jhoinparaben

rettill 26ENENM 1 Ml | BaFdbndbbators oobeas talvessand the
i ke. One enbodi nent of the present invention,

t REFEFBre, % aaloﬁ%?wa*beétmtrﬁpr EBRatT Y ign comprises

n%ﬁ?laﬂaiﬁa&lmdl cah 4 pRkastro etabadnaéraberaheorrpn si ng
of formn h_agyeous sol uti

the ste an
eFP@%FP% e 8ht PEIYONnPof ¥ pafabdh §9 ”Fﬁﬁ?bt? e
grabwiih @fodfac:beabaht and pemngalt . or ganrsienoandr appl yi ng

F%%Féatﬁté' ©on 49 L'%tel%%t & rors%' ° QA medical
[ Under con i'ons ere e paraben perneafte
@erﬁtaeleraraﬂ robryhecaredecal ﬂnn'pl prefertied pmbabiarent,

S‘E'htét Lon-&an haye & wW.ae, varl.ety, of, gancent Lafd ons.
f i g

dependi ng upon” the ‘anoun par aben one desirtes to
bééeﬁeabmﬁwégﬁétedEﬁWUth@ftaﬁheﬁetiﬁﬂidﬁher device. In

addhtEQN, o 4iRe éﬁ%&[’gpy@f phidfent PRl A& GREREN Of s Fhom

other device is soakéd 1n the solution can be vari ed

t 8°9aF 0 1406 degile®itof - PnprEgat i offt aRppiesl PyRiarrefl |
bendesiked besspakd Rersal heher cferdlrakeast c@bout an

methyl paraben in the solution is about 0.18% by weight
and the concentration of propyl paraben in the solution
is about 0.02% by weight.

The concentration of citrate in the solution is
preferably at least as high as the calcium
concentration in a patient’s blood. In one preferred
embodiment, the concentration of citrate in the
solution is from about 1.5 to about 47% by weight.

In another preferred embodiment, the coneentration of
citrate in the solution is from about 1.5 to about 23%
by weight. In still another preferred embodiment, the
concentration of citrate in the solution is from about
1.5 to about 15% by weight. In yet another preferred
embodiment, the concentration of citrate in the
solution is about 7% by weight.

In one catheter lock solution described herein,

the citrate has a concentration of from about 1.5 to
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hour, and often significantly longer. After the
i npregnated inplant is renoved fromthe solution, and
wopiscossly allowed to dry, the inplant is preP&r/akioge/003971

rinsed with a liquid to renove excess paraben fromthe
surface thereof. It is of course understood that the

i nvention can be used in certain enbodi nents to

pre-treat a portion of a catheter or other device. In

t habews d Sopergentnendviast prarbeathhet ar cofomteranph eof |t

may. he Mestrahie £ prent be@tpé}@extt.he# upeRnf the
catheter. This can be done by sinply placing a

pr edfhedeehtclks slodutorni rhe edreeengmehior tthelcashetiar

r agﬁ@rsoﬁ_h@{]oﬁcl%kifg_gmt%u%nmEf GCOCQLBEE 59 by weight
Alternatively, it is possible to pre-treat only a

S pofid GheoPaEieat RetesnRatowi i thespebutdicrhiln &rom
path&amt 0SoArdLRYoQf ¥8 Ber®éntd 0 Bheylf ealoc@alky the
portion that |ies transcutaneously. |n another aspect,

t he* TRV ERt T SAVBF VIS &R°i TAFSPORABE &F FOFTRI ¢S ng
a tieckosatidd ag bpbe: alkupenwgifoha eatheder. The
i nf usi on_devi ce _includes.a syringe and a .
PhEPHEREHE 1101 (5 HCEPTabl o 106K TSbE Tt i 15n BB of ridd

10 W hiweitthe. syringe, the | ock sol ution including
citrate_and .a.paraben di.spersed or dissolved therein.
In a pr%elfcéerrrtéi Be%%%‘frﬁeeﬁt gl%%dgmée?lréfhg%ecgﬁ?ﬁ?%? nlgS t he
| agiovddedtimrrhiessstwriioni zedheTersysf ngeicantdesalt.

adyant,agen 'rxeasgﬁéﬂgmgm usgasathet er %;98{%&0& g‘hi on
INnto a cat heter that as an |nject|on por a | Xe
t Heretolbyicm tachinfamneddis spdiuhec yeitrge and

15 | j8&hki-Rg the needle into the port.

In certain preferred embodiments described herein,
a catheter lock solution is provided in which the pH of
the solution is from about 4 to about 8. In other
preferred embodiments, the relative density of the
20 solution is from about 1.000 to about 1.300 g/ml. 1In
another embodiment, the relative density of the
solution is from about 1.000 to about 1.080 g/ml.
In other preferred embodiments, catheter lock
solutions are described that further include a
25 viscosifying agent. The viscosifying agent can be, for'
example, a member selected from the group consisting of
dextran, polyethylene glycol, glycerin, polygeline,
non-metabolizable sugars such as sorbitol and mannitol,
and mixtures of these compounds.
30 In yet another form of the invention, there is
described a catheter lock solution that includes

citrate and a paraben dispersed or dissolved therein,
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Al ternatively the syringe can be used by uncapping a
catheter and attaching the syringe directly to the

W@ a10m8@s0 | n anot her aspect of the invention, PCTTE8M06/603971
provided a catheter lock kit. In one preferred
enbodi nent, a kit includes a container having therein
a catheter lock solution, the catheter |ock solution
conprising citrate and a paraben di spersed or
di ssdlaled thekhalas; aapbtinskidetrt chissobecdridetdhen a

{fﬁgs el Tﬂl{]lﬁ%'oﬁg dhes sl u%% iaLp & lg)gsba&ﬁ an

|ng catheter. A's w | e appreci ated by those
of wotldiutar ymslid dionj na tihpanbpict selqgrtedeLfon hhef gt piep

I ny %Qﬁngn%f%e@ﬁ§1gﬁ§ﬂﬂﬁﬁsCﬁ&gﬁ%eﬁgaﬁq438%§18§$heter

| ock sol utton conmprising citrate and a paraben
5d|@iﬁﬁ%&%ﬁeoYlQﬁ@§soPV%ﬁﬂ%W%@Pelﬁlboﬂiévémtr%ﬂﬂ?naﬁd t he

pagaben p4 ef erdhhyabaye, Loreepdd aiensyafdagt bve 4
elimnate infection and to reduce the 1ikeli hood of

subSEqUEAt LRt i ofs. @ Bretenr e isBRoSHFT e ulRS for
exafpdreiand wid Ravtoldridaati otmprd seenkerhysehechrg: .from
the graup conS|st|n of neth%e%ﬁﬁraben et hyl paraben

propyl PaPAbeAPoBiEtt poabe TR%t UFEs of any two
loorcéﬁﬂéthEtth$ﬁ hatioflerenbddéd menbtbér tdetionveidaron,

enbodi ot AESET FBel it G 1 1e CCONEEH Fati Oftof
medimtheparabeiinent| hghes alontpoirats obhr ofn EdzonetBy DEE t 0
SOl 05Dl e SIPGULIEN i bt on
t he to about 1500 mg/100 ml. In still another
15 embodiment, the concentration of the methylene blue or
other photo-oxidant in the fluid is from about 1 to
about 1000 mg/100 ml. In vet another embodiment, the
concentration of the methylene blue or other photo-
oxidant in the fluid is from about 1 to about 100
20 mg/100 ml. In a further embodiment, the concentration
of the methylene blue or other photo-oxidant in the-
fluid is from about 1 to about 50 mg/l100 mli. In
another embodiment, the concentration of the methylene
blue or other photo-oxidant in the fluid is about 10
25 mg/100 ml.
In another aspect of the invention, there is
described a method for treating a patient that
includes: (1) selecting a patient having én indwelling
catheter defining a lumen therethrough; and (2)
30  infusing into the lumen an agueous catheter lock

solution made or selected in accordance with the

present invention. In one manner of practicing this
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concentration of propyl paraben in the solution is
fromabout 0.005 to about 0.5 percent. In yet another
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par aben and propyl paraben. In a preferred enbodi nent,
the concentration of nmethyl paraben in the solution is
fromabout 0.05 to about 0.5 percent and the

concentration of propyl paraben in the solution is
f rioweatféue D005 t Bhatsethedes Perceacted ranothrer

prefety ednendod fgwgetarg%%wggcﬂ%rrebgthg@% and a

concentration of nethyl paraben in the solution is

abRfly G2Y89% IAtherght  dndat Peciesreenererdiswndf Biropyl

palaRen okNcid1€.-3ab ULl OR s gn 2ot 181 020 e WREGk 1 The
concentration of citrate in the solution is Ereferably

atIMegdPIaEHiYGR S adn Fufd neafei TAUCSNEENTatlPER in a
paddienttios Bhaods Erownreoptedes red aeBhodizenbs the
concentrati on of citrate in the solution is from about
1. 855 qbo it HP% by wei ght. | n another preferred
errbodl menfet tdae teencamkrat | te dhvented @rioniﬁdase an

f. bout. 1.5 t b 3%b ht. |
S Ditiis et Rt R ER iR o T o FR R e L o

of Lwdetr af ea iquthheesol Thieodevisod rlomla@@suta ¥vbinge;about

1oyeby. wel gilo L0 YEL, agoé @ébl'%r efr &4 gapodi ment,,
e Re* ST Ut

t He ‘conGent I ati on of “ci tFar ion is about
7%dmraneeghiithin e svathed er ﬂh@ckosblmh%mowe@?r Plsed

h%ﬁﬁ;‘ Bnel Bf LiLEAIENAS,, oﬁof&%ngb%&%s%ré-&%@%m

5 toabout 15 percent and the paraben has a
cc?r?@@ﬁtiﬁaw oW tOf the gmeabBhit /@G5 R0 HbGdt Bfeits

P&f£8RLS éébé@@@tgﬁﬁ embodiments described herein. In
one preferred embodiment, the syringe containing the
lock solution is sterilized.

In still another aspect of the invention, there is
described a kit for locking a patient’s catheter. The
kit includes (1) a container having therein a catheter
lock solution; and (2) instructions, recorded in a
medium, for infusing the solution into a lumen of an
indwelling catheter. The lock solution is one of a
wide variety of lock solutions provided in accordance
with the present invention, in all of its various
aspects and embodiments described herein. In one
preferred embodiment, the catheter is selected from the
group consisting of an intravascular catheter and a
body cavity catheter. In another preferred embodiment,
the lumen of the catheter has an internal volume and

instructiong include instructions to infuse an amount
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catheter |ock solution, the concentration of citrate
in the solution is fromabout 1.5 to about 15% by

wowiogloge2and t he paraben concentration in the sBCTIUSZING/003971
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is fromabout 0.05 to about 0.3 percent. In yet
anot her catheter |ock solution, the concentration of
citrate in the solution is about 7% by wei ght and the

concentration of paraben in the solution is about 0.2%
by fwehghtock lsplekramiod Bret ePPBE &Ybddi ABALS,14%eCt

cihratg.is, Aroyided in the solution in the formof a
citrate salt. In one preferred enbodinment, the citrate

i s proVhdedirRbeRe 6t | B TAVEREL FbEARCSEAEF i%odi um

cithabe 5%rﬁﬂé%@§§g aﬂlﬁaggrﬂéﬂlﬁgpéei&ﬁgﬂﬂil&ﬁbodlnEHtS
descri bed herein, a catheter |ock.s Iut| nis pr Vi

| ATRARERET FELPRACET - t HESsBE I on P84T DrirabBthe 478

atzs%liti 8atheltré3:0tah§maﬁfaefe&tI@ﬂl@rrbod@mmuls, l1bdle rel ative
denﬁ )l/ of the,sol Utlg?cjés fr about 1. OO eorengRout

BLEP OO A4S FHb th ?OmEECﬁ“‘en el atTve
dEtlh%I b¥cefridieasotadonant SCdrrsoHtabmﬁenl‘le@Dthf about

1.08 0, g/mM_. In other eferr cat het er

I c?&gr%?gu"i‘rfdoﬁsp%?%bedlescrl Yoed t%ﬁbggggq%ﬁ?& ncl ude a

vimos'rig/idag agepdnenEheows sues pEyemyl aAdenet cartusée: f or

SXATRL €2 TRTREL, el 6at LS 1 OB e GroUBE0Rl-st! g
gl yco

of” Eex?r an, /I ene gl ycerin, polygeline,
nmhenbaamﬁmczdbﬂecgm}@aﬁgtw a8t sHrYiudsl =and

manniiol,;and m xtures of these conpounds.
The invention will be further described with
reference to the following specific Examples. It will
be understood that these Examples are intended to be

illustrative and not restrictive in nature.

EXAMPLE 1

A catheter lock solution was prepared in
accordance with the invention to include citrate at a
concentration of 7%, by weight (provided as trisodium
citrate), methyl paraben at a concentration of 0.18%,
by weight and propyl paraben at a concentration of
0.02% by weight. The target pH of the catheter lock
solution was 4.5, and the actual pH of the solution
during the test was measured at 4.58. This solution
was put into contact with colonies of multiple species
of bacteria by injection of bacteria spores into the
prepared solution, and the bacteria was scored
periodically (at 60 minutes, 24 hours, 48 hours and 72

hours) to determine the number of colony forming units
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In yet another formof the invention, there is
descri bed a catheter |ock solution that includes
waeRicase@sand a par aben di spersed or dissol ved PCT/US2006/003971
therein,and al so i ncludes a photo-oxi dant dissolved in
the solution. The photo-oxi dant can be, for exanple
and wthout limtation, a nmenber selected fromthe
group consisting of nethylene bl ue, Rose Bengal ,
hy(SEP) cher, migihyliese vitbe eiatapliéfﬁ%ﬁnﬂﬁ?éthr PBOTY AV n,
ripggnal ;. acrif lavine, toluide blue, trypan bl ue,
neutral red and m xtures thereof. In a preferred
enbodi ment of the invention, the photo-oxidant
conpri ses nethyl ene bl ue. daniene enbodi ment descri bed
herein, the concentration of nethylene blue or other
5 phato-oxidant in the solution is up.-teo

t-o--about—1500—
myTe00 m . I n| anot her emb8ePEe’d CRY™oncentrati on of

t hligreeugehisme! bl ue or ot her photo-oxidant in the fluid
i $ from about| 1°figeaholtmin-5002Hgrtop 4Hhows n| STAbPYS
a1®§§§£%§nbod n@ﬁﬁm th e<@%ncenFK@tion 6W0the ngfhyl lene
bl & t herlph Oxdant—i-n—the—fHubg+s—rggabout
1 ﬁﬁ&égﬁ_t 100 §6%§ 100ﬂ%i I n mb anot%%r enbodl nmgnt ,
t feent+ra '%b' ddl t || ret I‘ { E)ﬁl: | US ot til,!\zabo
ph E&ﬁﬁ%h,ant e fluidis fron1about 1 tp about 100
Myt I awhum[ eT <eIThgdT @eet , | T Neogongentiv@t ijon
of A i%@ﬁ(m%ylene bl u¢ or otHher photp-oxidant in the
f U’.Iaﬂbzdaﬁv from asoud 1 boo@bdut <BO np/ 1000 m | 14100
apet¢E023enbodi nent, the condentratipbn of the nethyllene
b é%;g?Sother pHBPS- pxi d&ht |i n<tPRe 1 uf'd®i s| abdlt 10

4 epidermidis 440,000 <100 <100 <100 <100

ATCC 12228

EXAMPLE 2
10 A catheter lock solution was prepared in

accordance with the invention to include citrate at a
concentration of 7%, by weight (provided as trisodium
citrate), methyl paraben at a concentration of 0.18%,
by Weight and propyl paraben at a concentration of

15 0.02% by'weight. The target pH of the catheter lock
solution was 6.2, and the actual pH of the solution
during the test was measured at 6.26. This solution
was put into contact with colonies of multiple species
of bacteria by injection of bacteria spores into the

20 prepared solution, and the bacteria was scored
periodically (at 60 minutes, 24 hours, 48 hours and 72

hours) to determine the number of colony forming units
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I n anot her aspect of the invention, there is described
a nethod for treating a patient that includes: (1)

W@ e0em08d26y a patient having an i ndwel | i ng cat he€BUS2006/003971

10

15

defining a | unmen therethrough; and (2) infusing into
the | unen an aqueous catheter | ock solution nade or

sel ected in accordance with the present invention. In
one manner of practicing thisinventive nethod, the
cat® b epet griddiéeEet f FomM M6 dfobpt cORSPsPEHY’ 6f* an

I nfdravaseul ar catheter and a body cavity catheter. In
a preferred enbodi nent, the |unmen of the catheter has
an internal volune and said infusing includes infusing
an anount of the lock solution that is from about 80%
to about 12 0% of the interpal volune . In yet another
aspect, the invention pr03352%4éh i nfusi on device for
infusing a lock solution into a lunen of a catheter.
Theegdevi ce 1 ngl udes a syr ra@eyy lardcau/mphar maceut 1 cal |l y
a¢ogploafagishOo¢k sol ution contained within the syringe.
The TocK Soluf1 ofineanl hemany] oneuwsl | aswbwe Vathaeky |of

| 0GR, SRT ULT ONS faboogl deds doh accaigdance wbd N [t nexipy eslent
i nweotizen, injall of |its varfious aspects and
emboctiiment s des@f-Ped heloei n. KWOone pier er|r ed<l00
enbdelt et , the syringe contlaining the |ock solutian

16Pr_6(§t i1 <4hot her%spect<I¢f t he <1

[ s ies@##bid~a kit for _locking—a
50,000 1 >~ 2100 0 00
pat het®l® TheRt |i nél%dels (15° a [cont &l nelr
h <A YA 1 A ana. D\
hayr o G TS RS A B T e
I MabEu recorded 1 hn a
E. faecalis 610,000 100 <100 <100 <100
ATCC 376
S. epidermidis 440,000 100 <100 <100 <100
ATCC 12228

EXAMPLE 3

Comparative Example

A catheter lock solution was prepared to include
heparin with preservatives at a concentration of 2,500
units/ml. This lock solution was prepared by combining
1 ml of 5,000 unit/ml heparin, 1.5 mg/ml methyl paraben
and 0.15 mg/ml propyl paraben with 1 ml 0.9% sterile
saline. This solution was put into contact with
colonies of multiple species of bacteria by injection
of bacteria spores into the prepared solution, and the
bacteria wag scored periodically (at 60 minutes, 24

hours, 48 hours and 72 hours) to determine the number
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wor@e/ 08250 ety of
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medium for infusing the solution into a |lunmen of an

i ndwel I i ng cat

with the prese

het er .

nt

The | ock sol ution
| ock sol utions provided i n acPOrUs2v0&003971
i nventi on,

in all

of

is o

its v

aspects and enbodi nents descri bed herein. |

preferred enbodi nent,

t he cat heter

ne of a

ari ous
n one

is selected from

the group consisting of an intravascul ar catheter and
a bodpleavi fyrmiaghereys (CAUAnRRh&d 1pi b¥tea-edThe data
embodigrert, o hR1bWNED ®fhikhercat heter has an internal

vol une and

i nstructions

an ampbuntof the | ock solution of from about 80%to

about 120% of the internal

\Y

ol une.

In a further

i nclude instructions to infuse

aspect, the invention provides a_nethod of treating
ani mal s having a surgical nted catheter. The
nmet hod i ncludes infusing into said catheter a
plafB@Ceut T calll y accept abRcdvéehevd @RUDON CONPrising a
baliRfdogdadln ¢Oonponent, wherein the bacteri cidal
cqmponent” CONST §TeC€YS @Ml | Y54 RursCl T fs3os aN1072@ours
PETERIT T 1T OMESRUR0UT BEIHo | 1830,600C | S5 bdslotha| & eoopsanient
conststsoiessentially [of citrate, a paraben and a
pha eslbxi dant | . 630A00anotked0 eprbygeidoirent 196t0pe 106,000
bacefeg Beitdal conponent does not include an antibi c
. | Bheoli nvent i on4aiP90 |bé20%t t helBO-Weser t45EeP w t K6:000
réfere?¥® to fhe folllowing sphecificlExanples. |t will
bé Puateriaeseod | t HAP%% HesH B ahpléd afe /¥t ended?Po b
i IM%%?-@E’HLHM not restrichive inlnature--EXAVDLE 1

C: alibicans 560,000 350,000 550,000 270,000 360,000

ATCC 10231

E. faecalis 610,000 640,000 60,000 1,370,000 | 1,710,000

ATCC 376

S. epidermidis 440,000 390,000 113,000 44,000 9,500

ATCC 12228

EXAMPLE 4

Comparative Example

A saline-only (0.85%) capheter lock solution was

prepared. The saline solution was put into contact with

colonies of multiple species of bacteria by injection

of bacteria spores into the prepared solution,

and the

bacteria was scored periodically (at 60 minutes, 24

hours,

of colony forming units

48 hours and 72 hours)

to determine the number

is set forth below in Table IV:
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The data



A catheter |ock solution was prepared in accordance

with the invention to include citrate at a
waeomweesi2s@t i on of 7% by wei ght (provided as tPCHUS2006003971

citrate), nethyl paraben at a concentration of 0.18%

by wei ght and propyl paraben at a concentration of

0.02% by weight. The target pH of the catheter |ock

solution was 4.5, and the actual pH of the solution

during the test was nea%abke Bt 4.58. This sol ution

was put into contact wth coI onies of multiple speC| es

Of TJgtbl Cl1 I A I IIJ Cbll UTl ‘ﬂe%;)VCMCVélt(ﬁ‘WHH)UI TS I IIL U l II

NJ
pr red s ion, and the bacteria was scored
mommsm / At eIN=ED) Py ALy o nnd

P o) o duis O IR O R S 2
urlAtrég'g.’;FM) per r"I‘?OIO?F(I:fl tgéor()d 2 0Ps | >§0@Q90 { 6?9@0%%
I |E ragioRod  [ESNG-E 2,000, 0ot I b®Tood PSK,000,000
S( Au(t;¢galgwas prepared in accpordance|with the invent
t 0 & pgl ude Ci 1T ado@ocat| @soOdiClersionEton Pi33,000,00074 >Byooei
(prowcgert as trisodidmcitrate), nethyl paraben at

CQRcedrtgigdshon | 0900001 §9%189%990 Wet3@btooand3,proomy | >pencaive

C

c
—

72

ow

on
ght

10

15

20

at
of

ABCCHABent r at i on of

0.02%

by wei g

ht . The

arget p

H

Ct“ﬁéweéat het ¢
-IAT\ 10?\34 cnl

pr S§08e%K

tiaon di

séIOLQPq on

pH
6.

Zhecthi's sol

- 'tsm'doo‘“
ion v

S

n 3&%0 6

>3.000,000
inmto’ co

234%9ﬁﬁ

hé308e% u

U ad af

al

270 0‘001)"
nt'ac

>§Mm
on

es

o

STMEAAR eSS

b

BTE@&T i2228SPOT ¢

ewogs
S I nto

TSMQQIG
the pre

T8, ofy
pared s

njgg@mo
Dl uti on,

th™
05,900
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bacteria was scored

methyl paraben-at a concentration of 0.09%

EXAMPLE 5

Comparative Example

A catheter lock solution was prepared to include

by

7

and propyl paraben at a concentration of 0.01%

weight

(in saline,

without citrate).

weight
by

This solution was

put into contact with colonies of multiple species of

bacteria by injection of bacteria spores into the

prepared solution,
periodically (at 60 minutes,

hours)

(CFU)

per milliliter.

24 hours,

and the bacteria was scored

48 hours and 72

to determine the number of colony forming units

Based upon periodic visual

inspections of the samples over a period of 72 hours,

the paraben-only catheter lock solution was observed to

have no significant antibacterial effect on the growth

of colonies of S. aureus (ATCC 33591); E. coli (ATCC
35218); E. coli (ATCC 25922); P. aeruginosa (ATCC
27853); C. alibicans (ATCC 10231); and E. faecalis
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periodically (at 60 m nutes, 24 hours, 48 hours and 72
hours) to determ ne the nunber of col ony form ng
wWairiob®82F)) per mlliliter. The data is set foPCTUB®©MW3971

in Table Il: Table Il EXAMPLE 3 Conparative Exanple A
catheter | ock solution was prepared to include heparin

Wi th preservatives at a concentration of 2,500

units/m . This | ock solution was prepared by conbining

1 tATaaf 3%6 000 Wei pAndbdrepaty golitbongdid heeehgh

Pal %QCQQ 1591 é_FgE(:nlp rgpyépwrﬁggfswlﬁﬂjcll%ﬁB - 9%

ster e sall ne. hi's s utlon was put I nto contact
vv| Imrprr: ohooh esheofsoput i drphedspevised Lofabacrardbachsrial

toﬁlt‘?ﬁ JP%%%eEiPstS%rﬁéuf e2ibie prepared

ut| on, acteria was scored periodically (at
560 m nut es, 24 hours, 48 hours and 72 hours) to
det ermi ne the number of soheny ¢ormng units (CFU) per
milliliter. The data is set forth belowin Table III:
Table 11l EXAVPLE 4 Conparative Exanple A saline-only

(0. 85%rwcathatlerl 06kt SOhULIiQE: Wase phepaied. idhe
sal i ne sol ution vvasg‘gt into contact wth !io(gles of
MATIEFET St s B TAETEITE by Fnf BETT O OPIBACt er i
10 SPOresSteni® 4 %n@éﬁpﬁ’ﬁdnS@f utd,0by wetbithepbactdsd a
was scoreg eri.odi c %&ﬁt 60 nutaes 24 hours, 48
hoti $*ana r?&&F%} Fﬂe fihber of col ony
f ardricegt vt i EEFU) Lgrer b xhézlg}htt eprofdyie wataen at a
concentration of 0.02% by weight. The second included
the same citrate at a concentration of 7%, by weight
15 (provided as trisodium citrate), methyl paraben at a
concentration of 0.18%, by weight, propyl paraben at a
concentration of 0.02% by weight, plus methylene blue
at a concentration of .01% by weight. The target pH of
both catheter lock solutions was 6.2, and the actual pH
20 of the solutions during the test was measured at 6.2.
These solutions were put into contact with colonies of
E. faecalis bacteria by injection of bacteria spores
into the prepared solution, and the bacteria was scored
periodically (at 0 minutes, 10 minutes, 20 minutes, 40
25 minutes and 60 minutes) to determine the number of

colony forming units (CFU) per milliliter. The data is

set forth below in Table V:
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is set forth belowin Table I1V: Table 1V EXAMPLE 5
Conparative Ekanple A catheter |ock solution was p

wo eangesé o i ncl ude net hyl paraben at a concenPCHRUBING/003971

10

15

20

25

of 0.09% by weight and propyl paraben at a
concentration of 0 .01% by weight (in saline, wthout
citrate) . This solution was put into contact with
colonies of nultiple species of bacteria by injection
of bacteria spores into fllablepr epared sol ution, and the
bacteria was scored periodically (at 60 m nut es, 24

h G=s—48—heurs—ant—F2hotts O—cHet=t r
I:J ? L) ITU L1IC mUuIToue

off Migfo q1;1‘@’?1?‘n’f5{5‘r/rn ng units (&ﬂder’b 18 E |@I iter. Based

UF n];‘lqck'\ vl © ||:1L nenae caml pa ver

a=p§r| er of 7] Mm}e :‘lﬁgﬁl \’P;F a?bglrhél_g ‘Idjmmgulwo’o UV(
sc?ﬂﬁﬁﬁf@lg | Jes obSEPOBRd #ORRy & 08 P P8n 45,000
antsragt eratTefteEh [Orelhe Ur QWi oot esc@d S
al mu,sns@mcc 33591); |E . colj (ATCC|35218);|E . col
(AREBI26022) ; |P_. aerlugi nosal (ATCC 27853);: C
al i bi cans (ATCC 10231); and E . faecali s(ATCC 376)
The paraben- only solution did have an anti bacteri al
effect upon S . epidermdis (ATCC 12228), upon which
the solution had a si grF¥4E&Rt7 anti bacterial effect
wthin the first 24-hour period. EXAMPLE 6 Two
catheter |ock solutions were prepared in accordance
Wit h tFeoinieetranlodhe ol pEsny Weredegreirefate at a

copcerhratd oA caf t20 i eneebght Thpr pvidednasudigd sodi um

citrate) , nethyl paraben at a , ,
- cltraté at a cohcentration of 7%, by weight (provided

as trisodium citrate), methyl paraben at a
concentration of 0.045%, by weight, propyl paraben at a
concentration of 0.005% by weight. The second included.
the same citrate at a concentration of 7%, by weight
(provided as trisodium citrate), methyl paraben at a
concentration of 0.045%, by weight, propyl paraben at a
concentration of 0.005% by weight, plus methylene blue
at a concentration of .015% by weight. The target pH
of both catheter lock solutions was 6.2, and the actual
pH of the solutions during the test was measured at
6.2. These solutions were put into contact with
colonies of E. faecalis bacteria by injection of
bacteria spores into the prepared solution, and the
bacteria was scored periodically (at 0 minutes, 1 hour,
24 hours, 48 hours and 72 hours) to determine the
number of colony forming units (CFU) per milliliter.

The data is set forth below in Table V:
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concentration of 0.18% by weight, propyl paraben at a
concentration of 0.02% by wei ght. The second i ncl uded

WO b@6osire0 ci trate at a concentration of 7% byPOBUSWG/003971
(provided as trisodiumcitrate) , nethyl paraben at a
concentration of 0.18% by weight, propyl paraben at a
concentration of 0.02% by wei ght, plus nethyl ene bl ue
at a concentration of .01% by weight. The target pH of
both cat heter |ock sol utTgdsVivas 6.2, and the actual
pH of the solutions during the test was nmeasured at
6./2 Mese—S HEO1TS JVWTW
cc%‘ﬁﬁo agemd | faecal i s bac ER D r%J ction of

bads Yutian,. o iAtethe—prepared—s rantk-the
ol 4 i)
0 P SPaLs! e

ol
U’Q
D

LJ<

baeterig was 3ﬂnrg FngnH|nﬂ| \ (G bk ag a\
i E&ﬁbgéﬁmyz 0 56'18?'60& 6 nut 8%%anf i nut e‘isls)OLto
deEeT e the| MimH&n |Oof 3501 gy <fooT ng<1um| s (&) per
m| Pdribbos pi@&r . The data|is set {forth below in [Table V
: TabhsgenaplgXAMPLE 7 Two catbheter [ock solutjions were
prepared i n accordance with the invention. The first
-included citrate at a concentration of 7% by wei ght
(provided a s trisodiumcitrate) , nmethyl paraben at a
5 concentration o f 0.045%AMBYE \iei ght, propyl paraben at
a concent r ati0 rak+ Qe PO YEDY &I @REncd8eSeCONd
i ncl uded the sanenbEat el dot@ENtration o f 7%
by wei ght (provided as trisodiumcitrate) , nethyl
pare&ea at a concentration of 0.045% by weight,
propyl paraben at a concentration of 0.005% by wei ght,
pl us netdpdbener bl amk solution is formulated as a

10 sterile mixture of USP grade chemicals in the following

o b
Q] o“gj
EHO

concentrations: 7% citrate solution by weight, 0.18%
methyl paraben by weight and 0.02% propyl paraben. The
solution is designed to have a relative density of
1.035 to 1.045, and pH of about 6.2. The citrate

15 solution is prepared at the desired pH (6.2) by mixing
428 ml of 0.24 M trisodium citrate dihydrate solution
(70.58g/L) and 72 ml of 0.24 M anhydrous citric acid
solution (46.10 g/L). The final solution is obtained
by adding 0.18 g of methyl paraben and 0.02 g of propyl

20 paraben per 100 ml of citrate solution in the actual
batch size. The solution is stored at room
temperature.

The bulk solution is then pumped into an aseptic

filling area, passing through a secondary and then

25 primary 0.2 micron sterilizing filter before flowing
into a sterilized surge type or pressure type vessel.

The sterilized solution 1n the sterile vessel flows to



wa@edogage2pH of the solutions during the test waBCT/US2006/003971
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at a concentration of .015% by wei ght. The target pH
of both catheter | ock solutions was 6.2, and the

nmeasured a t 6.2. These solutions were put into
contact with colonies of E. faecalis bacteria by

i njection of bacteria spores into the prepared
solution, and the bacteria was scored periodically (at
0 thendtieéder Wivoar licht4 rhebssants Svheut wlasd v2kfouPs)

tq .de } he I ] 10 t 51 3(GRU)
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: FblieWl BXIraveef) Bravieroiarelranng fotled Reéfhesent ati ve

%}:@%‘é@@lmjrr% $9h ytjpRLet had Ajqathelen o aek sakution

Is fornulated as a sterile mxture of USP grade
clemvearsd Fn thises FANBWAGL RGHCEERt FRRTDIFSOPRSE i trat e

S Ofyidsi-0N 1 Py ia@ b 45 0 rEBHKe AEd thypbep s aben shyawei ghte and
0.02% proggll paraben. The sol uti %8 i s designed to have
a Féilst i vEPUSHSLE ST H1eB3 T YEY S, @ ST pEF of about
6.2chife Ghidatepsodditianiien prreapar eshlat wihe fegi red

pH (6.2) by mxing 428 m of 0.24 Mtrisodiu i.t.rate
diﬂﬁ(ﬁdFaPé %l%ﬁ?oﬁl% (U.e%tSQJﬁ_)ImaﬁgA it Se%p 3 HE M
andprdBausor) t r ioeedsdad sSQbuimmomnl (©46s 10y kprlidherf enal
sol uti,on is obtained hy,adding. Q.18 of . .oet
paﬁ%éﬁgaﬁﬁeao.oﬁgsb of° tj)fprt %%y?s%z}rlacb%ﬁ&peers lﬁogér%af' of
ci trat ehsofiltliedn #rprdeecdcéndlcapare v isilze arFhghen
SCELln%tplegge&Sfo%:t gﬁ?&laé paPPMyulate matter and other
defects.
The starting materials for making the solution of

this embodiment are readily available commercially.

EXAMPLE 9

Using an Inventive Catheter Lock Solution

At the end of a patient’s hemodialysis treatment
each lumen of the catheter is filled with the lock
solution in an amount equal to the fill volume of the
catheter lumen. FEach lumen is filled to the tip using
a quick bolus technigue for the first 2/3 of the
injected volume, and slow infusion (over 10 seconds)
for the last 1/3 of the injected volume.

The catheter lock solution is removed before each
‘dialysis procedure, by attaching a syringe to each
catheter lumen and removing 1 mL more than the catheter

lumen volume (about 3 mL total), discarding the

45



tenperature . The bulk solution is then punped into an
aseptic filling area, passing through a secondary and

WO b@a/opa2sorary 0.2 mcron sterilizing filter beP@r/®@S2006/003971

10

flowng into a sterilized surge type or pressure type
vessel . The sterilized solution in the sterile vesse
flows tothe filler where light resistant, type 1 gl ass
vials (5 raL , Kinble, type 1 Borosilicate G ass Anber
Vi string8. nirdE filehhinnttheateetarewebiveyddodnd fil | ed
widh tihe predeterpined fill volune. The filled vials

are then conveyed to the stoppering |ocation where

st oppefsilgesic lﬂge@ﬁﬂ0n4432/@R?WQ&BgéFtER?ﬁﬂaéﬁ? are
placedibBathe adeahs in The ¥ialisigar enbhesn-Lonavgyed to a
cappi ng machi ne which applies alumnumcrinp seals

WA FRPPLoHF E8pEatDd iEach RF L°"EWEEFSd 25 nm Al uni num
S@@P@sgkgpﬁﬁé‘aB@Ib@B)restQE@thﬁﬂﬂﬁ eﬁaffﬁxﬁi,caasbeﬂﬂ@e
applied in_a capping area outside o e aseptic

pr §§Fﬂ@déﬁ@§.O?Hgt??lPéﬁ,a@%%bﬁ@%%@”%ﬁﬁscgﬁﬁﬁd
Viraless anewd her idaspedicadafhartnacs iabl ecpaiddscahat e

matt er_,and, ot h efects,, .The. startin rials for
e ERE G GERD SR PhEA LR o P Radi &y
aviaivleabl en corelesiiadd o EXANMRItEC8ellsi ng an | nventive
Cat heter Lock Solution At the end of a patient's
henodi al ysis treatnent each |umen of the catheter is
filled with the lock solution in an anount equal to

the fill volune of the catheter |lunen. Each lunen is
filled to the tip using
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a qui ck bolus technique for the first 2/3 of the
i njected volune, and slow i nfusion (over 10 seconds)

wo evostodese ast 1/ 3 of the injected vol unme. The PEL/N81006/003971
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| ock solution is renoved before each dialysis
procedure, by attaching a syringe to each catheter
 umen and renoving 1 nL nore than the catheter |unen
vol une (about 3 nmL total) , discarding thesyringe,

t hemetf ligshilagndchescat heter with 5 nL of sterile nornmal
saline.. Wile the inv i h ' ..and
descri bed i%ncf‘ec{uaeioflsi ﬁ%ﬁ?ggérggﬁkg%g @%‘%%4‘?2%03‘8%?%5@
destrigsei engd 4 hhershae disreospé odsPdeyed ggerein.
illustrative and not restrictive in character, it
bei ng understood that only the preferred enbodi ments
have béen sHewFodndlidesacebéenan® fhat™ al Whekhghyddeand

modi fiqahi 08%hak &OMBuNt BiTeddi@ 8B itheObrbhle
invention are desired to be protected. Wiat is c|ained
i seomsistARY arfl SWEY & RHEDEE | DR sBRIARSBh &5RBY si ng
Ci p4atRnandu @, PY=2hesn APl sed L odi ssoltvwedot hesel n.
2 . The solution according to claim1l wherein the
soPutSeA BERPIISses a nenber sel ected fromthe group
consi sting of methyl paraben, ethyl paraben, propyl

par aben, butyl raben and mi xtures,of any.two.or_.nore
ool PALEREE SRR U, O, YT

of sai on accor oclamil
whes leitn oh heorsedl ikl one dorfpresasemvet hyl paraben. 4 . The
sol ution according to claim3 wherein the
concentration of nethyl paraben in the solution is
from 4. The solution according to claim 3 wherein the

concentration of methyl paraben in the solution is from

about 0.005 to about 0.5 percent.

5. The solution according to claim 1 wherein the

solution comprises propyl paraben.

6. The solution according to claim 5 wherein the
concentration of propyl paraben in the solution is from

about 0.005 to about 0.5 percent.

7. The solution according to claim 1 wherein the
solution comprises a mixture of methyl paraben and

propyl paraben.

8. The solution according to claim 7 wherein the
concentration of methyl paraben in the solution is from

about 0.05 to about 0.5 percent and the concentration
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about 0.0 05 to about 0.5 percent. 5 . The sol ution
according to claim1l wherein the solution conprises

w@e@ppse2par aben. 6 . The sol ution accordi ng t oPCI/ES200&003971
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wherein the concentrati on of propyl paraben in the
solution is fromabout 0.005 to about 0.5 percent. 7 .
The solution according to claim1l wherein the solution
conprises a m xture of nethyl paraben and propyl
parfalpenpyl arabhe Holuitsl enlaciooar den§reo abloakny 7005

v\lqier%'h3 Eh@SC ggg&% ration of methyl paraben in the

soluton out 0.05 to about 0.5 percent and
t he concentratl onof propyl paraben in the solution is

from aQOUt ‘l%eogglﬁtolcﬁp%lét:opdﬁ'@o%r Cendinm QL whgbgln the

sol uti on accordlngtoc aim1 wherein the
coreentrration of ¢ltnadte iRnthheodslien df rE Aee3eist

aShJEhggsa§héI&%l@?u&|dHHc%9@§£%EdhaEh0Q éitﬁ%n@a§|ﬁﬂﬁod5
bl ood. 10. The solution according to claim1 wherein

t he concentratlon of citrate in the solution is from
about 15 h&eaggyﬁtﬂﬁﬁbﬁﬁoﬂﬁhghko &iauJHEWﬁefﬁhiQme
according to claim1 wherein the_concentr t| on_.of N

i TFEEBRIT H-itRe 0L oF LT 118 ??eorﬁoéLBBb?n tr8m AU
23%sbyonehght 47420y wHEiehsol ution of according to claim
1 wherein the citrate has a concentration of from
about 1.5 to about 15 percent and the paraben has a
concenttat ime ebliriam aboutdihdd@6 tbambduwheréin the

eco%ecgg'ltnt*%tlon o?ecf'tgfal‘ll:tl 9{1] 1?1%3% thgoﬁ %SleQ‘EIq] élbout

1.5 to about 23% by weight.

12. The solution of according to claim 1 wherein
the citrate has a concentration of from about 1.5 to
about 15 percent and the paraben has a concentration of

from about 0.005 to about 0.6 percent.

13. The solution according to claim 1 wherein the
citrate is provided in the solution in the form of

trisodium citrate dihydrate.

14. The solution according to claim 1 wherein the

pH of the solution is from about 4 to about 8.
15. The solution according to claim 1 wherein the

relative density of the solution is from about 1.000 to

about 1.300 g/ml.
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citrate is provided in the solution in the form of
trisodiumcitrate dihydrate . 14 . The sol ution

waewo/si2eg to claim 1l wherein the pH of the soPdit/Us2006/603971
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fromabout 4 to about 8 . 15. The sol ution according
to claim1 wherein the relative density of the
solution is fromabout 1.000 to about 1.3 00 g/nl . 16.
The sol ution according to claiml1 , further conprising
a vi scosi f yihegsaberin a7corfH@dssPuttaim dccbreihfy to

& g&lsg?m%gé??gi&@ixgs%tﬂyi ng agent conprises a

c
menber selecte omthe group consisting of dextran,
pol yet hyl ene glycol, glycerin, polygeline,

non'neaab0|%H%aQbfﬁéﬂéﬂaéécéﬁaﬂhgaﬁoS@Eiﬂﬂ3Qb Wekein
manni tol, and mxtures of these conpounds. 18. The
scthgt voRCewidoraY IRPSRS EPERTHSES, af BPEIRET SEORDIISiTAg a

Phel0or g% dafk i g S80l¥edek iy dr)eps ) elitivaBne 191y cHie

sol ution according to claim 18 _wherein the

pROEEELP d AR YEBHG s B A PR e F P thal s U Hehb et e Pict ed
f r-mpt he1 U paseNSI1St bAg wfxthethydentebkueomiRosels .
Bengal , hypericin, nethylene violet, proflavine,

ri boflavin, rivanol, acriflavine, toluide blue, trypan
bl ue, meut rile esethtand atxtwtiesy therlbofn 120fuftier

sol ution, according to.clailr rej h :
pﬁ%?@¥6§Fﬁﬁﬁip%%%%?ﬁgggnﬁégky%%ﬁggbﬁtgﬁgzgélﬁ'%?n'

sol ution according to claim20 wherein the

concent gat,on of  feth hlie oi By 10e 150LHLL O, ikSeup
to abo%%'l OS§%?%§%'%F$&%¥241 ﬁethéﬁ for treatin ea
paiﬁqutpxtﬁﬂqgrpgmpgises a bactericidal member selecte

from the group consisting of methylene blue, Rose
Bengal, hypericin, methylene violet, proflavine,
riboflavin, rivanol, acriflavine, toluide blue, trypan

blue, neutral red and mixtures thereof.

20. The solution according to claim 18 wherein

the photo-oxidant comprises methylene blue.

21. The solution according to claim 20 wherein
the concentration of methylene blue in the solution is .

up to about 1500 mg/100 ml.

22. A method for treating a patient, comprising:
selecting a patient having an indwelling

catheter defining a lumen therethrough; and
infusing an aqueous catheter lock solution

into the lumen, the solution comprising citrate

and a paraben dispersed or dissolved therein.
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selecting a patient having an indwelling catheter
defining a lunen therethrough; and infusing an aqueous

W@ 200608@%0 | ock solution into the |unen, the soP@t/UMV0G6/003971
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conprising citrate and a paraben di spersed or

di ssol ved therein.23 . The nethod of claim 22 wherein
the catheter is selected fromthe group consisting of
an intravascul ar catheter and a body cavity catheter.
24. The3s netrh@dmeﬁh@d aifme22inveer ehprete thenmeatiofterhe

cat heter interpal v i.d i nfusing
i il §§88°T usr|OIrﬁngl?an 3o (%no ttﬁggl (?)%kaqlsol ution that

i sirftn:anaad:)lolﬂr 86% ¢erabodt a 120 ehvite dathereal

vol ume. 25. The nethod according to claim26 wherein
the solution further conprises a photo-oxidant

di ssol 2éd iThet hethol Wi ohaiE2 Theraer How Aot difng to

‘”éﬂe”E§§h¥Q£!?ﬂ &D%nQQQLQIQ%hﬂéﬁtaﬁ@ﬁﬁﬁbS@ﬁfﬁﬁhﬁw|ene

7. An intusion device for infusing a |ock
soingtigas i Ffasany urvermeRnh Yathet éPck stldtdeni et

COMPIek-Shngoodt 8¥ET AY@bouBNth @ RratABCAHd@al | Yolume.
acceptabl e | ock solution contained within the syringe,
said lock solution including citrate and a paraben

di sper sed mmedhasmdxa@cbh@ﬁej o 28aidhis deereen ithe
accordance with claim.,27 wherein [

C I AP g HHE ST oSREESFEE | DPHOE 5 fsjgi’%l‘ﬁ%% tréiléi .rs]gglved in

the solution.

26. The ﬁethod according to claim 25 wherein the

photo-oxidant comprises methylene blue.

27. An infusion device for infusing a lock
solution into a lumen of a catheter, said device
comprising:

a syringe; and

a pharmaceutically acceptable lock solution
contained within the syringe, said lock solution

including citrate and a paraben dispersed or dissolved

therein.

28. The device in accordance with claim 27
wherein said syringe containing the lock solution is

sterilized.

29. The device according to claim 27 wherein the
solution further comprises a photo-oxidant dissolved in

the solution.
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29. The device according to claim27 wherein the
sol ution further conprises a photo-oxidant dissol ved

WO nooblogs2s®@l ut i on. 30. The devi ce according to cPE/msR96/003971
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wherei n the photo-oxi dant conprises nethyl ene bl ue.

31. A kit for locking a patient's catheter,

conprising: a container having therein a catheter |ock
solution, the catheter | ock solution conprising

ci trat goandrige pRRAbEeNadHcsperseth ellathssolwredelhertal n;
and instructions, recorded if a Eﬁdiun1 for infusing

t RPLOT GEF MR rCEPALFhES CoY - Sif Pndfel 1i ng cat heter .
32 . The kit of claim31 wherein the catheter is

sel ect fromthe group .consisti.ng, of an.intravascul ar
cathetgg'aﬁﬁlﬁibéag gﬁﬁ??? %d?ﬁ@FgF.séﬁﬁ#e?ﬁﬁ'kit of
clampr3dimbperein the | umen of the catheter has an

i nternal vol une _and instructions i ude .i nstructions
to inf3580%%a%ﬁ%0%?V%F’%E@rfﬁ%k SEF%%F%ﬁ1%§ ifron1about
809 tut iabouthe 220% bér tleeki swleraiah votmmmesing4ciTwdeki t
acgol di ggréﬁe | Al m3d. er gi&éj]%as%é&lé QN Lygt her
conpri ses a photo-oxi dant dissolved in the solution
35. Thénkituecicosd necarded| i ra 3&diier efay fagusing

Phelo+0x), A GREPLI fgsnNEE v engywbl ve,y 38cnéoet hod

of treating animals having a surgically inplanted
catheter, said method conprising infusing into said

cat het gp a phaneceptdGakl ¥1 wherein the catheter is
selected from the group consisting of an intravascular

catheter and a body cavity catheter.

33. The kit of claim 31 wherein the lumen of the
catheter has an intermnal volume and instructions
include instructions to infuse an amount of the lock
solution of from about 80% to about 120% of the

internal volume.

34. The kit according to claim 31 whexein the
solution further comprises a photo-oxidant dissolved in

the solution.

35. The kit according to claim 34 wherein the

photo-oxidant comprises methylene blue.

36. A method of treating animals having a
surgically implanted catheter, said method comprising
infusing into said catheter a pharmaceutically

acceptable lock solution comprising a bactericidal
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acceptabl e | ock solution conprising a
bact eri ci dal conponent, wherein said bactericida

W@ ovposes consi sts essentially of citrate andP@r/Uus2006/003971

10

15

par aben. 37. The nmethod in accordance with cl aim 36
wherei n the bactericidal conponent does not include an
antibiotic . 38. The kit according to claim 36 wherein
the solution further conprises a phot o-oxi dant

dicsebed i théheirs @lali BAct39ciddte dbnboaegordinkgsto

cl ai m 38 wherein the photo-oxi dant conprises nethyl ene
b@&égntlally of citrate and a paraben.

37. The method in accordance with claim 36
wherein the bactericidal component does not include an

antibiotic.

38. The kit according to claim 36 wherein the
solution further comprises a photo-oxidant dissolved in

the solution.

39. The kit according to claim 38 wherein the

photo-oxidant comprises methylene blue.
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