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"METHOD AND DEVI CE FOR PRECI SE RELEASE OF AN

ANTI M CROBI AL AGENTS" 5 BACKGROUND OF THE | NVENTI ON
The present invention relates generally to nethods and devi ces that

utilize or i | sinfectants. More speci fically, pbRRssigeent
i nvention re{k&b@gﬁc{sgi connectors and nmet hods of making sterile
10

connecti ons. In a variety of industries, it my be necessary to
provi de a device that includes at |east one surface that has been
sterilized. For exanple, in the nedical _ . _ industry, it is inportant
to insure that products that are introduced into the body and
provi de a pathway into 15 t he body do not cause an infection due to

m crobi al s, such as bacteria. One nmeans by which such i-nfections can
be taused is due to connections that create a fluid flow

EPECIFICATION
IITLE
“METHOD AND DEVICE FOR PRECISE RELEASE
OF AN ANTIMICROBIAL AGENTH
5 BACKGROUND OF THE JINVENTION
The present invention relates generally to methods
and devices that utilize or include disinfectants. More
specifically, the present invention relates to connectors
and methods of making sterile connections.

10 In a variety of industries, it may be necessary to
provide a device that includes at least one surface that
has been sterilized. For example, in the medical
industry, it is important to insure that products that
are introduced into the body and provide a pathway into

15 the body do not cause an infection due to microbiais,
such as bacteria. One means by which such infections can
be caused is due to connections that create a f£luid flow
path betwesen an access site in the body and a medical
product to be infused into the body.

20 For example, it is, of course, generally known to
provide fluid delivery to a patient for a variety of
purposes, such as the delivery of a medicament, provide
dialysis, and the like. Such fluid delivery necessitates
in many instances, the creation of sterile fluid paths.

25 Some such medical procedures require that the sterile
fluid paths be disconnected and reconnected,

For example, it is known to use a cannula or needle

-to inject into a patient a solution through the use of

- a length of tubing which is further connected to a
30 container housing a solution. Often, an adapter or other

. connector is provided for enabling fluid communication
between the container and the patient through the tubing.

For example, a connector may be provided at a port on a



pat h between an access site in the body and a nedi cal

product to be

I nfused into the body. 20 For exanple, it is, of course, generally
known to provide fluid delivery to a patient for a variety of

pur poses, such as the delivery of a nedicanent, provide di al ysi s,
and the |ike. Swohe@dsei d del i very necessitates in nanyP¢ﬂ§$ﬁ%ﬂ%%,
the creation of sterile fluid paths. 25 Some such nedi cal procedures
require that the sterile flui & paths be di sconnected and

reconnect ed.

For exanple, it is known to use a cannula or

needl e toinject into a patient a sol_yt:Jt Qn through the use of

a length of tubing
a solution. Oten,

enabling fluid communication

t hrough the tubing.
port on a
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which is further connected
an adapter or other connector is provided for
bet ween the container and the patient

For exanple, a connector may be provided at a
WD 96/ 40361

container to connect an end of-the length of tubing to
the container.

In the medical industry, it is also well known to
provide solutions to a patient, such as for peritoneal
dialysis. In peritoneal dialysis, a dialysis sclution
is introduced into the peritoneal cavity utilizing a
catheter. After a sufficient period of time, an exchange
of solutes between the dialysate and the blood is
achieved. Metabolic waste removal is achieved by
providing a suitable osmotic gradient. The dialysis
solution is then simply drained from the body cavity
through the catheter.

This procedure is generally repeated three or four
times daily for such a patient. Therefore, repeated
connections and disconnections are reguired to be made
from the system. Additionally, during the procedure, the
patient may be interrupted due to daily activities, such
as answering the door or telephone. This may require
that the patient disconnect and reconnect the systen
during a procedure.

At least three issues arise with respect to the
disconnection and reconnection of a sterile flow path,

"such as that used for peritoneal dialysis. One
requirement is that the system must provide a quick and
simple method for disconnection from the system. It is
also reguired that a sterile, contaminant-free,
environment be maintained after disconnection. Further,
such a system must provide means for a simple
reconnection to the system.

If the system is so complicated that it requires
dismantling the entire set-up, a patient generally will
not permit the interruption and will continue receiving
the solution ignoring the interruption, e.g. not

o a 30 cont ai ner housi ng



contai ner to connect an end of the length of tubing to t he contai ner.
In the nedical industry, it is also well known to provi de sol utions
to a patient, such as for peritoneal 5 dialysis. 1In peritoneal

di al ysis, a dialysis solution is introduced into the peritoneal
cavity utilizing a catheter. After a sufficient period of tine, an
exchange wooeu4o36pf Sol utes between the dial ysate and t heerinisoseserzs

achi eved. Met abol i ¢ waste renpval is achieved by 10 provi ding a
suitabl e osnotic gradient. The-dialysis solution is then sinply
drained fromthe body cavity t hrough the catheter. Thi s
procedure is generally repeated three orafour times daily for such a.
patient. Therefore, repeated 15 connections and di sconnections are
required to be nade fromthe system Additionally, during the
procedure, the patient may be interrupted due to daily activities,
“such as answering the door or tel ephone. This may require

that the patient di sconnect and reconnect the -system 20 during a
Jorocedure. answeringt theateldéphone orsdearar iOze thet bthes raxid,t d£t he

di sconnecti on dfo&&:@&bnﬁeéti@ﬂ Eé’nﬁbt be erfoﬂsa as that

used for perito ea?' Qgﬁgf&tfl 1S tht t he

system nmust pr Gtéﬁg the  system e ﬂﬁgaqr%‘ &ltion from
the system Itconponents ‘mais$o ber egplaced. t hTm the elee:ma:,ive, the

ggpt ﬁg} nagt - f " Céont minateg?g%ﬁmts Bflﬁdi? B&%@ﬁﬁ)\;ﬂé Bé. ae&cm@eat ion.
r econnect i on tob?i 9Péﬁ1 ofthe sygtem.l i Aﬁgg“sﬁ*f’é?ﬁfﬁ’%fesgg}m&at ed that
it requires will cﬁgmmet thegintermption and -will zophimeatwigdndhal |y will
not permt the Lihfl{dti-+10n288 -mé 'soﬁ%ﬂibﬂ“@r&f“ﬁievwﬂtem the sol ution
'gnoring the Interr%ﬁhkggr ed%spige the patient's desire at times |
’ & r
10 interruptions, such as emergencies ’ require disconnection
' . from the eystem. ' Therefore, systems must be provided
that allow for the disconnection or _reconnection of
systens wethout contamination of the_components of the
system. '
i5 ' In other areas of the medical industry, the industry
' continues to strive to reduce the incidence of bacteria
infection caused by bacteria contanination due to medical
devices or procedures. This is particularly true with
_ respect to medical apparatus that ‘cannot normally be
20 sterilized and autoclaved or which are used in bacteria
containing environments. ) L
- For exanple, 'sutures,' catheters,_‘surgical tape,
- tubings, sponges, gloves, pads, surgical covers, dialysis
connectors, and certain nedical instruments cannot be
25 autoclaved to insure sterility. They often mnst be used
in areas where pathogenic hacteria are encountered.
Accordingly, for such medical apparatus, the art has long
sought means and- methods for renderinc those medical
apparatus antibacterial and, hopefully, antimicrobial.
30 The general approach in the art has been that of
coating a medical apparatus, or a surface thereof, with
a bactericide. chever, since moet bectericides are
partially water soluble, or at least require sufficient




WD 96/ 40361 PCT/ US96/ 08072

- 3- answering the tel ephone or door. On the other hand, if

t he di sconnecti on and/ or reconnection cannot be perforned wi t hout
contam nating the system contam nated system conponents_nust be
réplaced. In tW@9@0s@r native, the 5 cont am nat ed conpon&TLSY8T3
system nust be sterilized before reuse of the system Again,
therefore, a patient will ignore the interruption and will continue
with the adm ni stration of the solution fromthe system

However, despite the patient's desire, at tias~ 10 I nterruptions, such
as energencies, require disconnection -fromthe system Therefore,
systens nust be provided that allow for the disconnection or
reconnecti on -of systens w thout contam nation of the conponents of
t he system 15 In other areas of the nedical industry, the
i ndustry continues to strive to reduce the incidence of bacteria

infection caused by Baiweilizatien.femaffertive antikpetrerial action, simple

coatings of bactericides have been proven unreliable.

For this reason, the art has sought to incorporate the

bactericides into the nedica'f' apparatus or at least
5 provide a stabilized coating thereon.

For example, with the increased used of polymeric
materials for the c.onstruction of medical apparatus,
utilizing an antimicrobial polyﬁer has become even more
desirable. The art, therefore, has sought various

10 combinations of plastics and antibacterial agents. The
antibaoterial agent could be fixedly attached to or
incorporated in the plastic, so that the combinaticn
thereof can be used for the manufacture of these plastic
medical apparatus., _

18 This relatively recent effort in the art has taken
a myriad of different approaches. For example, U.S.
Patent No. 3,401,005, in an attampt to create a product
that functions satisfactorily,_applies a composition of
polyvinylpyrrolidone and jodihe to cotton gauze. VWhen

20 dried, the coated material would have a germicidal
characteristic. In a similar effort, a complexed
conposition of pclyvinylpyrolg;&one and iodine was placed
in absorbable, gelatin foams to produce surgical sponges.
In U.S. Patent No. 3,401,005, the complexed composition

25 was found to release iodine under use conditions.

50116,polyvinylpyrrolidéﬁe conplexed with iodine is
disclosed in U.S. Patent No.-3,898,326 as useful as a
disinfectant material. U.S. Patent No. 4,017,407 extends
this complexed composition to include detergents.

30 U.S. Patent No. 4,381,380 relates to a polymeric
bacteriocidal composition for use in antibacterial
applications. The composition of U.S. Patent No.
4,381,380 contains a plastirc_, sparingly cross-linked



devices or procedures. This is particularly true with respect to
nmedi cal apparatus that cannot nornally be 20 sterilized and autocl aved
or which are used in bacteria cont ai ni ng envi ronnents.

For exanple, sutures, catheters, surgical tape, t ubi ngs, sponges,

gl oves, pads, surgical covers, dialysis connectors, and certain .
medi cal | myoLeno3e s cannot be 25 autocl aved to msurem;Smnsdnty They
often nmust be used - in areas where pathogenic bacteria are

encount er ed. Accordi ngly,- for such nedical apparatus, the art has -
| ong sought means and nethods for rendering those nedical

apparatus antibacterial and, hopefully.- gntimcrobial. 30 The
general approach in the art has been that of coating a nedi cal
apparatus, or a surface thereof, with a bactericide. However, since
post bactericides are partially water soluble, or at least require
sufficient WO 96/ 40361

PCT/ US96/ 08072 _ .- sol ubi | i zati on for effective anti bacteri al
action, si rrpl e polyurethane having =0~(C0)~NH- urethane linkages and

' .jodine complexed with a sufficient number of the linkages

to provide bacteriacidal properties to the composition.

Iodine solutions hoving conoentrations of from 1% to 15%

5 were utilized ‘for complexing the iodine with the
. urethane 1inkages. N

Utilizing a plastic completely complexed with iodine

as a potential _ self-stsrilizing material has

disadvantages.y among other factors, the concentration

10 of the iodine in the solution and the ‘solvent of the
icdine solution 1imits the amount of iodine complexed
with the_poiyurethane. Further, the rate of release of
jodine from plastics complexed with iodine depends upon
the affinity the plastic has for iodine. as a result,

15 these complexed plastics often do. not provide an
- effective delivery of iodine into the atmosphere or a
liquid for sufficient antimicrobial treatment.
U.Ss. putent application;Serial No. 08/366,336 filed
on December 28, 1994 provides an antimicrobial material

20 'including a plastio material and a molecular halogen

' entrapped within the plastic material. - The molecular
halogen is primarily absorbed into the plastic material
and only some? if any, is compiexed;with the plastic
material. - : : :

25 © In providing such products, a variety of factors
must also be considered in addition to providing
sterility. Hany of the products to be treated reguire
that the antimicrobial function be provided over a
prolonged period of time, e.g., several months.

30 Additionally, because the . microbial burdens
encountered over time at various clinical and home
settings can be'veryfdiverse, enoonpassing nearly all
strains of bacterial, fungal, and viral families, the



coatings of bactericides have been proven unreliable. For this
reason, the art has sought to incorporate the bactericides into the
medi cal apparatus or at |east 5 provi de a stabilized coating thereon.
For exanple, with the increased used of polyneric materials for the
constructi on of WO96W®s! appar at us, utilizing an antim ROV yner
has becone even nore desirabl e. The art, therefore, has sought
various 10 conbi nati ons of plastits and anti bacterial agents. The

ant.i bacterial agent could be fixedly attached to or i ncorporated in
the plastic, so that the conbi nation thereof can be used for the
manuf acture of these plastic nmedi cal apparatus. 15 Thi s
relatively recent effort in the art has taken a nyriad of different
appr oaches. For exanple, U. S Pat ent No. 3,401,005, in an attenpt
to create a product that functions satisfactorily, applies a

conposi tion of pol yvi nyl pyrrolidone and iodine to cotton gauze. \Wen
20 dried, the cosntimigrebial agent wast baveraibrord spectrum in its

characteristic. In a%m argsf f wehtrauml thde infectGERES lageht.
pol yvi nyl pyr ol i done 0 e L, n_absor babl

foans to produce sur?’&fﬁ §b'3 ngt% e °rlﬂ° UTesistanGe gd gl“igéSuqhe
conpl exed conpositi orkl@®ugh tmsmuamm of rtheaderrbiaheagentsr agsinst the
condi ti ons. 5 disif®ectanel yvi nyl pyrroli done conpl exed with iodine i

di sclosed in U S. Patent 213,898,326 as usiefu gs Qf ecb{arlt
material. U S. Patent No. 'é%’i&i? Wfi emen tf%’lrs E’b‘?rpf’gkx'iﬂ crobia
conposi tion to incl uckgenst etrngetlgtisely 10"7 toxigity bat bymanotisswss Ges
relates to a pol yWE“:Fon term D86ACECOCT dahicO HREireREnt Olstens 'ﬂi'om the

SIS s o SHRLASHRSHE, 2o SBRERE I ke Blbmbles

1o safety.

S

The present invention provides an improved system
and method for providing sterile connections.

15 To this end, the present invention provides a device
comprising a body, a chamber defined, at least in part,
by a portion of the body, the chamber including an
interior having a solid sterilizing agent that can
sublimate at ambient conditions, and a member that

20 defines, in part, the chamber and is so constructed and
arranged to allow the solid sterilizing agent to
sublimate in a rate controlled manner through the member.

In an embodiment, the member is porous.
In an embodiment, the so0lid sterilizing agent is

25 icdine.

In an embodiment, the device includes means for
coupling the device to anothey component.

In an embodiment, the deyice includes a fluid flow
path through the device, the solid sterilizing agent

30 contacting at least portions of the fluid flow path after
it sublimates through the member for at least portions
of the time.
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-5- polyurethane havi ng -0-(CO -NH urethane |inkages and

i odi ne conpl exed with a sufficient nunber of the |inkages to provide
bacteriacidal properties to the conposition. . | odi ne sol utions havi ng
concentrations of from1%to 15%5 were utilized for conplexing the.

I odi ne wi two béms361 ur et hane | i nkages. Ut | PCTUS96/08070| ast i C
conpl etely conpl exed with iodine as a pot enti al

self-sterilizing materi al has di sadvant ages. Anong ot her factor's,
t he concentration 10 of the iodine in the solution and the sol vent of

t he I odine solution-limts the anmpuat of iodine conpl exed

with the pol yurethane. Further, the rate of rel ease of i odine from
pl astics conpl exed with iodi ne depends upon the affinity the plastic
has for iodine. As aresult, 15 these conplexed plastics often do
not provide an effective delivery of iodine into the atnosphere or
a liquid for sufficient antimcrobial:treatnent. U. S.
patent application Sariah mebodibneads, 33@ fdgwige includes means for

coupling the device to another component that includes
a second fluid flow path and causing the fluid flow path
and second fluid flow path to be in fluid communication.
5 : In another emhodiment of the invention, a method for
disinfecting an erea is provided comprising the steps of
providing a product having an area, housing a solid
disinfectant that sublimates at embient-temperatures in
a container that includes a member that is in
10 juxtaposition to the area, and allowing the soliad
disinfectant to sublimate through ‘the member into the
area in a rate controlled manner.
In an embodiment .of the method, the solid
disinfectant is iodine. _

.15 ' In an embodiment of the method the product is a
connector used .in a medical_procedune. In a further
enbodiment .of ‘the method, the medical procedure is
dialysis. |

In an embodiment of the method, the memher includes

20 - pores.
In still another embodiment, the present invention
provides a medical device comprising a body including a

fluid flow pathway ther_eth__ro_n_gh,_ a. chamber wmember
defining an interior, portions of the body defining the

25 chamber, the chamber including a controlled release

- member. A solid’ sterilizing compound that sublimates at
ambient conditions is located within the chamber. and
the controlled release menber is so constructed and
arranged to allow at least some of the sublimated solid

30 sterilizing compound to pass through the controlled

release member and contact at least portions. of the fluid
flow pathway. '



on Decenber 28, 1994 provides an antimcrobial material 20 i ncluding a

pl astic material and a nol ecul ar hal ogen entrapped within the
plastic material. The nol ecul ar hal ogen is primarily absorbed into
the plastic materi al and only sone, if any, is conplex | he
plastic WRASF,| . 25 : I n providing such prodd%?@?wk&gg ety
of" factors must al so be considered in addition to providing
sterility. Many of the products to be treated require that the
antimcrobial function be provided over a prol onged period of tine,
e.g., several nonths. 30 Addi tionallyy . because the microbial
bur dens encountered over tine at various clinical and hone

settings can be very diverse, enconpassing nearly all strains of
bacterial, fungal, and viral famlies, the WO 96/ 40361

PCT/ US96/ 08072 antim crobi al agent nmust have a broad

spectrumin its

In yet another embodiment of the present invention,
a system is provided for coupling two flow pathways
together comprising a first member including a first
fluid flow pathway, a second member including a second

5 fiuid flow pathway therethrough. The f£irst member
includes a chamber defining an interior including a
controlled release member. A solid sterilizing compound
is located within the chamber and sublimates at ambient
conditions. The controlled release member is so

10 constructed and arranged to allow at least some of the
solid sterilizing compound to sublimate and pass through
the controlled release member and contact at least
portions of the fluid flow pathway. Means for removably
coupling the first and second members together are

15 provided so as to allow the first and second fluid flow
pathways to be in fluid communication.

Further, in another embodiment of the present
invention, a method for performing peritoneal dialysis
is provided comprising the steps of implanting in the

20 patient a catheter that includes at an end thereof a
device comprising a body member including a fluid flow
pathway therethrough, a chamber mnember defining an
interior, the chamber including a controlled release
menmber, a solid sterilizing compound is located within

25 the chanmber that sublimates at ambient conditions. The
controlled release member is so constructed and arranged
to allow at least some of the solid sterilizing compound
to sublimate and pass through the controlled release
nenber and contact at least portions of the fluid flow

30 pathwvay.

An advantage of the present invention is to provide
an improved method for providing a sterile structure.



ability to neutralize these infectious agents. Preferably,
little or no resistance should build up t hrough the nmutation of the
m crobi al agents against the 5 di si nf ectant. Still another
requi renent for the antimcrobial agent is relatively lowtoxicity to
human ti ssues over |l ong termcontact. This requirenent stens from:-

t he . WOsMeser ati on for _the patient and nedi cal per PERRIEPSA80r2

safety. SUVWWARY COF THE | NVENTI ON The
present invention provides an inproved system and net hod for
providing sterile connections. 15 To this end, the present

I nvention provides. a device conpri%imng a body, a chanber defined, at
| east in part, by a portion of the body, the chanber including an
interior having a solid sterilizing agent that can subl i mat e at

anbi ent conditions, and a nenber that 20 defines, in part, the chanber
and is so construct ed and arranged to allow the solid sterilizing

ot o - R R R eSSk e TS e
solid sterilizi nga @g@nﬁ.desaﬂwrmdddﬁeinfectant systemn an enbodi ment, the
devi ce includes nmeangti®i further WBH&H&&&EO@%&%&%&@%’:‘%@B Egﬁrponent
In an enbodi ment, the devic |nc es a4 ough t he
device, the sol idf FEPTTHAL ﬁ?ﬁchﬁﬁ ﬁﬁnlggstﬁ%riPons of
the fluid 5Iom1pﬁ#ﬁ£aﬂt§ﬁviceso it subllnates t hrough the nenber for at
| east portions MoRbovl#, tdrRdvantage of the present invention is
to provide a sterile connectidn'syetem for use in the
medical industry. o |
Further, an advantage of the present invention is
10 to provide improved CAPD connectors.
aAdditionally, an adVantage'of thelpreeent invention
is to provide a system fer'steriiizihg devices solutions
that is self-regulating 1n ‘the amount of disinfectant
that is released. '
15 . Furthermore, the present 1nvention 'prov_ides a method
and apparatus for providing antimicrobial action in an
extremely compact form and small physical size providing
patient convenience, mobility, and ease ‘of product
marufacturing. e '
20 Another advantage of the present ihﬁention is that
it provides a system for providing ahtimicrobial action
that can be used for long term antimicrobial action,
e.g., several months.
Additional features and advantages of the present
25 invention are described in, and will be apparent from,
the detailed description of the ptesently preferred
embodiments and from the drawings. '

30 Figure 1 illustrates an environmental view of a
connector of the present invention in its Aisconnected
state between a fluid source and a patient.
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-7- In an enbodi ment, the device includes neans for
coupling the device to another conponent that includes a second fluid
flow path and causing the fluid flow path and second fluid fl ow path
to be in flui dW® lcation. 5 . | n anot her enbodi mefCTHSIHI$R72

i nvention, a nethod for disinfecting an area i s provided conpri sing
the steps of provi di ng a product having an area, housing a solid
disinfectant that sublinates at anbient tenperatures in a container
that includes a nenber that is in 10 - 10juxtaposition to the area,
and allowing the solid disinfectant to sublimte through the nenber
into the area in a rate controll ed manner. In an

enbodi nent of the nmethod, the solid di sinfectant is iodine. 15
In an enbodi ment of the nethod, the product is a connector used in a
nmedi cal procedure. In a further enbodi nent of the nethod, the

medi cal procedure is Figurea2y dliustrates a crossrsectienadi wiev of ame

met hod, the nenber i|@mbediafent of the connector of Figure 1.
Figure 3 is a scanning electron micrograph at 200x
magnification of microporous material that can be used
5 in the present inventien,
Figure 4 is a micrograph of the material of Figure
3 at 1000x magnification.
Figure 5 illustrates schematically a device used in
Example No. 2. '_
10 Figure 6 illustrates schematically another device
used in Example No. 2.
Figure 7 illustrates graphically results of Example
No. 2 setting forth iodine release versus thickness.
Figure 8 also illustratés graphically results of
15 Example No. 2 setting forth' iodine release versus
thickness of the material.
Figure 9 illustrates graphically a model setting
forth release rate versus rate-length cross-section area.
Figure 10 illustrates schematically the device used
20 in Example No. 3. '
Figure 11 illustrates graphically the results of
Example No. .3 setting forth release rate over time.

DETAILED DESCRIPTION

25 3
The present invention provides a system and method
for sterilizing products, such as medical devices, and
more specifically, connectors used in or with medical
devices. Although the present invention, in the
30 embodiment described below, is used for medical devices

and specifically connectors for use in continuous
ambulatory peritoneal dialysis (CAPD), it should be
appreciated that the present invention can be used for



20 por

pat hway

es.

t heret hrough, a chanber nenber

In-still another enbodi ment, the present inventian
provi des a nedi cal device conprising a body including a fluid

defining an interior,

flow

portions of the body defining the 25 chanber, the chanber including a*
controll ed rel ease menber. A solid sterilizing conmpound that

subl i mat es wi 96/40361

al | ow at

portions of the fluid fl ow pat hwawnl - WD 96/ 40361
In yet anot her enbodi ment of the present

PCT/ US96/ 08072

i nventi on, a systemis provided for coupling two flow pat hways
together conprising a first nenber including a first fluid flow
pat hway, a second nenber including a second

10

15

20

25

30

a variety of other dev;ces in the medical industry and
even outside the medioal industry wherein antimicrobial
agents are necessary._ _ SR

To this end, the present J.nvention provides a method
and system for the controlled release of an antimicrobial
agent. Pursuant to the present invention, an
antimicrobial agent is provided ‘having a significant
vapor pressure at room temperature. The antimicrobial
agent is used in a substantially pure, uncomplexed form.
Halogens, halogen compounds, .and especially molecular
iodine are especially useful for this purpose.

As set forth in.detail .below, the antimicrobial
agent is enolosed in a space where at least one of the
surfaces is essentially impervious and unreactive to the
agent. However, at least one rate controlling member for
delivery of the antimicrobial agent in substantially its
vapor form is provided. To provide a rate controlling
member at least one wall, or surface is provided that
allows for the diffusion of the antimicrobial agent
therethrough.

"~ In an embodiment, the surface is of a porous nature
wherein the density of the structure and - the pores
control the delivery of the antimicrobial agent.
However, the devioe_can elso be dense and pore free and
contrcl of the delivery is thereby through molecular
diffusion of the ant1m1crobia1 agent <through the
thickness of the device.

The present invention provides many advantages for
a system and method for delivering antimicrobial agents.
First, the rate of delivery of the antimicrobial agent
can be precisely controlled by the pore. structures, size
of the area for permutation, the height/length of the

anbi ent, conditions is | ocated w thiICHVUSMATRDer .
the controlled rel ease nenber is so constructed and arranged to
| east some of the sublismted solid 30
pass through the controlled rel ease nmenber and contact at | east

And

sterilizing conpound to



5 fluid fl ow pat hway therethrough. The first nenber i ncl udes a
chanber defining an interior including a controll ed rel ease nenber.
A solid sterilizing conmpound is located within the chanber and
subl i mat es at anbi ent condi ti ons. The controlled release nenber
is so 10 oVMeE403dt ed and arranged to allow at | east so 5072
sotid sterilizing conpound to sublinmate and pass through t he
controll ed rel ease nenber and contact at | east portions of the fluid
fl ow pat hway. Means for renovably coupling the first and second
menbers together are 15 provided so as to 3l ow the first and second
flurd flow pat hways to be in fluid comrunicati on.

Further, in another enbodi nent of the present i nvention, a nethod
for perform ng peritoneal dialysis i's provided conprising the steps
of inplanting in the 20 patient a catheter that includes at an end

t hereof a devi ce conprising a body nenber |ncI ding,a fluid fl ow

pat hway t her et hr ough®e#b€Ka the el erial 4%tEP?oFath€f
chanber including a melecalardiitfindon. rrerrber a solid sterilizing

compound i s | ocated wi thi Bedguse tiidEne IR 11 éﬂ@'imheéuﬂtmaem
conditions. The contrd?? Pease neéber ?s SO cggs ruc
arr anged to affswPyre £9%h. cHhe ttal, angyntyof; apt i?ﬂ@b
to sublinmate amd passhalkr canibe deldvered|isesigoificantly greaterbthamtthat
antaft at Le?ﬁt poryk&?g ebmp ?QxéaL%éLﬂﬂ(MNfﬁ)this Q@bafﬁy in a co(flexﬁgAn
advant age o e presen nventio 0 pLo npr ov od
for providing a sterFP@n§t ﬁ é&inorff gf tﬁe complexed mass cons '“%e
the active agent. Because, in the present invention, the
antimicrobial agent is providet__l in substantially its pure
10 form, this greater capacity allows the antimicrobial
agent to be maintained and available over a much longer
period of time.
Additionally, the present invention-provides for the
separation of the storage tuncﬁ'ion and release regulating

15 function for the antimicrobial agent. This allows
significant freedoms in the désign and assembly of the
device. '

still further, the pure -:form of the active agent

reduces the bulk and size of the container necessary for
20 housing the agent. This allows one to provide a device
that affords greater patient convem.ence.

Separation of function also allows the release of
antimicrobial agent to be diract:xonal. In this regard,
the release of antimicrobial’ agent is controlled by the

25 orientation and location of i:he delivery surface with
respect to the volume where tﬁe antimicrobial agents are
required. ]

As noted above, the present invention, in an
embodiment, will be described with respect to use in a

30 CAPD connection system:; agaip", bowever, the application
is not so limited. U.S. patent application Serial No.
08/295,112, filed on August 24, 1994 and entitled:
rpransfer Set Connector with Permanent, Integral Cam
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-9- An additional advantage of the present invention is
to provide an inproved disinfectant system Still further, an
advant age of the present invention is to provide an inproved system
that can be used in 5 medi cal devi ces. Mor eover, an
advant agewoféadaer present invention is to provi d@CHUSIABITE e
connection systemfor use in the medi cal industry.

Further, an advantage of the pr-esent invention is 10 to provide
inproved CAPD connect ors. Addi tionally, an advantage of the
present invention is to provide ggsystemfor sterilizing devices
sol utions that is self-regulating in the anount of disinfectant
that is released. 15 Furthernore, the present invention provides a
met hod and apparatus for providing antimcrobial action in an
‘extrenely conpact formand small physical size providing pati ent
conveni ence, mobility, and ease of product - manuf act uri ng. 20

~Anot her advant agenihg (tlosuresand ai ¥ethod of Usirnghthe Same™ descpibmrs des a

system for proé Afle S0 drlldevibbakoR & Ic@®D system! NdhataBibE14mask for |ong

termantimcrohlial actio :{1
"~ 1is hereby ncorporated by reference. -

Generally, the device of that:application provides

5 a'eonneotor'eeeemb;y and a method of connecting a pair

of oonnectors to provide fluid communication between a

~ first length ot tubing and a second: length of tubing.

The connector assembly . incorporates .a’ hinged closure

providxng sealed connection and disconnection of the

0 assembly upon oonnection .of the  connectors. In an

' embodiment, the connector assembly comprises a male

component connected to a first length of tubing and a

female component connected to a second length of tubing.

The fenale component selecttvely -mates with the male

s component providing communication between - the first

- length of tnbing and the second length of tubing. The

female component comprises a hinged closure providing

selected aocess to an orifice of. the ‘female component.

Preferably, the hinged closure of the connector assembly

20 : includes a spri.ng to maintain. a ‘seal of the hinged

closure. :

| Referring now to ‘the drawings, Figure 1:41lustrates

an environmental view of a system employing the connector

10 of the present invention._ ‘The. connector 10 is part

25 of a connection system that is generally illustrated at

1 and includes the connector 10 that is a female

component and a male component 12.  As: ‘11lustrated in

Figure 1, 1n a preferred embodiment of the present

invention; the female component 10 is connected to a

30 conduit 14 which is attached via a catheter 15 to a
‘patient 2. DR S

The male component 12, on the other hand, in a

preferred enbodiment, may be connected to a Y-set



e.g., several nonths. Addi tional features and advantages of the

present 25 I nvention are described in, and w |
the detail ed description of the presently preferred

be

apparent from
enbodi ments and

f.rom the drawings. BRI EF DESCRI PTI ON OF_THE NGS 30
Figure 1 illu¥XF%4¥ian environnental view of a connggf’HP’[zW
present invention in its di sconnected state between a fluid source
and a patient. WO 96/ 40361

PCT/ US96/ 08072 - 10 -

Figure 2 illustrates a cross-sectional viewX =an enbodi nent of the
connector of Figure 1. Figure 3 is a scanning el ectron

m crograph at 200x magni fi cati on of mcroporous material that can be
used 5 in the present invention,

10

20

25

30

generally illustrated at 18, The Y-set 18 includes two
containers 20a, 20b. Typically, for peritoneal dialysis,
one of the containers, for exafiple, the container 20a,
is filled with a dialysate and the other container 20b
is empty. The containers 20a anfi 20b are attached to the
male component 12 through a length of conduit 22 to
control flow of dialysate as' ‘desired.” 1In another
enbodiment, the male component 12 of the connector 1 may
have clamps integrated into its housing.

Referring now to Figure 2, the connector 10 is
illustrated. In the embodiment illustrated, the
connector 10 includes a channel 30 that creates a fluid
path from an open well 32 to a tﬁbing 14 that is in fluigd
communication with the catheter on the patient 2. The
channel 30 includes an opening 36 that has a greater
diameter than the remaining port.?ibns of the channel. The
opening 36 is designed to receive a catheter from the
second male member 12 of Figure 1. This will create a
fluid flow path from the CAPD fluid source, or an empty
CAPD bag, and the patient. Preférably, the opening 36
includes a seal 38 for sealingly receiving the catheter.
However, in another embodiment, the seal is provided on
the catheter.

As illustrated, the connedtor 10 includes a cover
40 for covering the open well 32 and opening 36 of the
channel 30. As discussed in” detail in U.S. patent
application Serial No. 08/295, 112 in the embodiment of
the connector 10 illustrated in Figures 1 and 2, the male
component 12 is designed to b;as open the cover 40
allowing a:connection between the female connector 10 and
the male component 12. To this end, the cover can pivot
on a metal pin 43. that secures the cover 40 to the



Figure 4 is a mcrograph of the material of Figure 3 at 1000X

magni fi cati on. Figure 5 illustrates schematically a device used
in Exanmpl e No. 2. 10 Figure 6 illustrates schematically
anot her device used in Exanple No. 2. Figure 7
illustrates graphically results of Exanple No. 2 setting forth

i odi ne rel eWOSHBFEUs t hi ckness. Fi gure 8 al PETUSHINSORat es
graphically results of 15 Exanple No. 2 setting forth iodine release
ver sus t hi ckness of the naterial. Figure 9 illustrates °
graphically a nodel setting forth rel ease rate versus rate-length
cross-section area. Figure 104llustrates schematically the
devi ce used 20 i n Exanpl e No. 3. Figure 11 illustrates
graphically the results of Exanpl e No..3 setting forth rel ease rate
over time. DETAI LED DESCRI PTI ON 25 OF
THE PRESENTLY PREFERRED EMBODI MENTS The present invention

provi des a system and net hod. +~ “for sterilizing products, such as

magi ca: devi ces, remdining portdons s thiei cohnector0n06C iPrefetablly) rth’eh Wi th
medi ca : S u esgnt vghtion, in the 30
enbodi ment descr?éhgfb%301dﬁégggugggo# tﬂqg gg Jpégg and

speci fical |y connect oPSrsUAnt ko | ﬁhEoM’-’PEBB'Es in"enti%nbépat‘mdfl’pe#q t oneal
di al ysis (CAPD), plrbvidlé)t& Gterile fluidnpow gpatile ¢hirbayh ke ghannal dcvention

can be useg for. of the connector 10, the connector includes a rate
‘controlling antimicrobial agent releasing system 41. 1In
a preferred -embodiment . illustrated, the system 41
oircumscrihes the opening 36 of the channel member 30.
_ Due to the location of the system 41, antimicrobial agent
10 is released and sterilizes the surfaces of the enclosed
well 32 when the cover 40:is:closed in addition to the
'opening 36 and the channel 30.. .
- The rate controlling antimicrobial releasing systenm
41 includes an internal chamber 44. The internal chamber’

15 44 is defined by wall members 46, 48, S0, and 52.
Located within the chamber 44 is a solid antinmicrobial
agent 54.

~ In the. preferred embodiment illustreted, wall
members 46, 4_8,, and 50-are impervious and unreactive to
20 the antimi_.crobigl. .agent 54. However, the system 41
~ includes an antimicrobial releasing wall member 52. The
antimicrobial reieaeing wall member 52 allows the
antimicrobial .agent,” which is in a solid form in the
chamber 44, to diffuse through the wall. This allows the
25 'nntimicrobial agent 54 to diffuse across the surface of
" the wall 52 and open well 32, as well as into parts of

the channel 30 1nc1uding the opening 36 therein.
The diffusion of the antimicrobial agent sterilizes
the connect:.on between the female connector 10 and male
30 component 12. In this regard, even though the cover 40
of the connector 10 is closed, .the antimicrobial agent
will saturate and diffuse across the well 32.
Accordingly, when it is time to make a connection between
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= 11 - a variety of other devices in the nmedical industry and
even outside the nedical industry wherein antim crobial agents are
necessary. To this and, the present invention p eﬁpgﬁ%mﬁanethod
5 and sys?@ﬁ“ﬁ@%lthe controlled rel ease of an antinicrogla

agent . Pursuant to the present invention, an anti m crobi al
agent is provided having a ‘significant vapor pressure at room
tenperature. The antim crobial agent,d s used in a substantially
pure, unconpl exed form 10 Hal ogens, hal’ogen conpounds, and especially
nol ecul ar I odi ne are especially useful for this purpose.

As set forth in detail below, the antimcrobial agent i.s enclosed in
a space where at |east one of the surfaces is essentially inpervious
and unreactive to the 15 agent. However, at |east one rate controlling
member for Gald i) devités fo'ldrd Q200tAe AveEflidroblulshgeht i i LS

(apor {orm S, P OV o BEaE ORI Pl A" o ene TREBGRCAL .
of the antimi crobi deingdnsegted intethiehcbaghel 30 of the conneahor 10,
enbodi ment, the surd£1Ga11S a8l stePLI 4 ahd deBontaminate any contaminants

5 that may be present during the connection. _

Of course, the system 41 can be used on a variety
of different connection systems, as well as different
medical devices., What is required for the system is the
use of a solid disinfectant. As set forth above, the

10 solid disinfectant is preferably a halogen, such as
iodine. The disinfectant must be capable of sublimation
at ambient conditions. Additionally, the system requires
that a member be present that allows for the diffusion
of the halogen through the member and thereby provides

15 a rate controlling release of the halogen. In part, the
release rate of the antimicrobial agent is a function of
its pressure within the chamber as well as the geometry
and structure of the member.

A variety of different materials can be utilized for

20 the rate controlling release member of the present
invention. In an embodiment, the member is pbrous. A
variety of different porous plastics may be used
including thefmoplastic polymers, such as polyethylene,
polypropylene, PVF, PTEC, nylon, PES, and similar

25 materials.

For example, a porcous wall member can be utilized
such as that sold by Porex Te:hnologies of Fairburn,
Georgia under the tradename Porex®. It has been found
that a Porex material constructed from a polymer of ultra

30 high molecular weight polyethylene (UHMWPE) having 5 to
15 micron pores can be satisfactorily utilized in a CAPD
connector. The Porex® material is a microporous material
with known pore size. Porex® is permeable to vapor, but



wherein the density of the structure and the pores control the

delivery of the anti-m crobial agent. However, the device can al so be
dense and pore free and 25 control of the delivery is thereby through |,
nmol ecul ar diffusion of the antimcrobial agent -through the

t hi ckness of the device. The present inventi S many
advant ages W@p6/40361 a system and net hod for deliveri ngggf{ s'(r%)‘#:dr;%bl al
agents. 30 First, the rate of delivery of the antim crobial agent .
can be precisely controlled by the pore structures, size of the area
for pernutation, the height/length of the WD 96/ 40361

PCT/ US96/ 08072 - T 1T - - 12 - menber
and the selection of material in the case of . nol ecul ar di f fusion.
Because the antimcrobial agent is in substantially its pure form

the total amount of antim crobial agent 5 that can be delivered is

S|gn|f|cantly greater t han that R
not aqueous liquids. e.g., it'“is hydrophobic. It

~ provides a material that is impervious to microorganisms.
Additionally, the material allows for a constant rate of
' -delivery of the antimicrohial material. " Figures 3 and
s 4 illustrate photomicrographs of ‘the Porex® material.
- 'Figure 3 illustrates the Porex - material at 200x
magnification._ Figure 4 iliustrates the Porex material
'~ at 1000x magnification. R

For a porous structnre, the density and structure
10 of the pores control, at least:in- part, the delivery of
" the antimicrobial agent. = By .seléction of the pore
structures, ' size - of the . area for permeation,
' length/height and selection of material, the delivery of

the antimicrobial agent can be precisely controlled.

5 However, the rate controlling release member can
also be dense and pore—free. The control of delivery of
such a member thereby through.mnlecular diffusion of the
antimicrobial agent through the thickness of the member.
one such material that can be used as the antimicrobial

20 releasing wall is inert polymeric material. By ‘selection

' of the material and thickness of the wall structure, the
rate of delivery of the antimicrobial agent can be

' precisely controlled.;m. : : :
Materials that it is believed can be used for the

25 . antimicrobial releasing member include: sintered

- polymers, metals, and ceramics. -non=-wovens, such as
- Tyvex® . (HDPE). microporous nmembranes; track etched
membranes; and dense film structures such as polyesters,
thermoplastic elastomers, and low density polyolefins,

30 Preferably, the material is hydrophobic.

- By way of example, and . not. limitation, examples
illustrating the present invention will now be set forth.



for a conplexed agent. In this regard, in a conpl exed agent only a
mnority of the conpl exed nass constitutes the active agent.
Because, in the present invention, the antim crobial agent is

provided in sybstantially its pure 10 form this greate
al | ows the ant9m¥ I al - agent to be maintained and g€§.§®@?e over a
much | onger period of tine. Additionally, the present

i nvention provides for the: separation of the storage function and
rel ease regul ating 15 function for the antim crobial agent. Thi s

al | ows significant freedoms in the Ud$ gn and assenbly of the

devi ce. Still further, the pure formof the active agent
reduces the bul k and size of the container necessary for 20 housi ng t he
agent. This allows one to provide a device that affords greater

pati ent conveni ence. Separation of function also allows the

rel ease of anti m crobial agent ctional. 1In this regard,
the rel ease of anti m crobi al aoent is ?%RF?B? éé} the 25 orientation
and | ocation of the deliver¥o& Rag Microbialt X

where the antln1CF0bla|saﬁﬁﬂ&ﬁedﬂibdine watéﬁqvuﬁdﬁiPEM} was dilu &% widped

above, the presentéuﬂﬁeggglgg Nis Qﬁ;rf%ﬁfgﬁﬁg;g§§%}a§%% ﬁr%hdescrlPe?he

Wi th respect to us
application 5 Healgbcare cpwzw:iqn,stopat Gesixgd| concentralsidm|faw.

08/295,112, fil ed aomidyonial2Rill 108k andpinieyaplle, to obtail A6d et
Connect or Wt h Per r&'l%%.bnl, nieﬂ acjf Qargaturated water was mixed with 2 ml
of Dianeal® or Nutrineal™ sgolution. Because of the
strong reaction between iodine and Nutrineal®, and
10 therefore, loss of activity, during the antimicrobial
activity determination Staphylococcus Aureus is added
both before and after the dilution solution to examine
the sequence effect.
The following table (Table 1} illustrates the result
15 after one hour of dwell. Since the iodine release rate
is not a factor in this example, the dwell time is
relatively immaterial. This means that extension of
dwell time does not kill more bacteria.

_)
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- 13 - Openi ng O osure and a Method of Using the Same" descri bes
a connection device for a CAPD system That disclosure i s hereby

i ncor porated by reference. General ly, the device. of that
application provides 5 a connector assenbly and a nethod of connecting:
a pair Q6/4p36hnect ors to provide fluid comunicati orf 2

first length of tubing and a second | ength of tubing. The connect or
assenbly incorporates a hinged closure provi di ng seal ed connection
and di sconnection of the 10 assenbly upon connection of the connectors.
In an enbodi ment, the connector asséfbtry conprises a nale

conponent connected to a first length of tubing and a femal e
conponent connected to a second | ength of tubing. The femal e
canponent selectively mates with the male 15 conmponent providing

comuni cation between the first | ength of tubing and the second

| engt h of tubing. The - female t conprises a hinged closure
pr-ovi di ng sel ect ed. access to aff -~

Preferably, the KT ure ofr U
{ lodine.congentiation o 1

| ~
spring to naintai inged ~ MW
Ref erring now: t o jt(BMyoragfgngs,- Fidure 1 iIIuStrates

Dianeal® (15%) .| Nutrnea™ | Complax

lodine

10

1s

20

EXAMPLE NO. 2

25 : Determination of Iodine Release

Rate into Air and HO Environment
A systematic setup 60 to measure the iodine release
:":ate by permeation throughout the UHMWPE microporous
material into the air environment is shown in Figure 5.
30 Roughly 1 x 1 in? of iodine solid 62 was prepared from
the iodine powder by compression molding. A piece of



an environnental view of a system enpl oying the connector 10 of the

present invention. The connector 10 is part 25 of a connection system
that is generally illustrated at 1 and includes the connector 10
that is a female conponent and a nal e conponent 12. As illustrated
in Fi gW@96140361n a preferred embodi ment of the presentPCI/US6/08072
I'nvention, the femal e conponent 10 is connected to a 30 conduit 14
which is attached via a catheter 15-to a patient 2. The
nmal e conponent 12, on the other hand, in a preferred enbodi nent, may
be connected to a Y-set WO 96/ 4036120 -

PCT/ US96/ 08072 - 14 -

generally illustrated at 18. The Y-set 18 includes two cont ai ners
20a, 20b. Typically, for peritoneal dialysis, one of the containers,
for exanple, the container 20a, is filled wwth a dialysate and the
ot her container 20b 5 Is enpty. The containers 20a and 20b are attached
to the UHMWPE microporous sheeting 64, POREX®, was then cut and

trimmed to size to cover the iodine sublimation surface
62. The POREX® 64 was placed on the top of the iodine
sublimation surface 62 which was placed on a micro-

5 balance 66. The release rate measurement was determined
by the micro-balance 66. A house vacuum 68 was placed
roughly 24 inches above the testing article to remove the
volatile iodine gas.

Figure 6 illustrates a setup 70 for release into

10 water 77. A container 71 including the POREX® wall 76
{similar to wall 64 of Figure 5) was located in a glass
vial 74. The amount of iocdine 78 released into the water
77 was measured by UV spectrophotometer at ABS 460 nm.

Figure 7 illustrates the iodine release thickness

15 contour plot for the extra fine microporous UHMWPE (5-15
um). A constant release rate was observed for a given
thickness. However, the iodine release rate is not a
linear function of POREX thickness. Release rate
approaches a plateau as the thickness passes 0.25%", see

20 Figure 8.

Based on this data, a model was then generated to
assess and predict the iodine releases rate per unit
thickness of the microporous material and per unit
release surface. Figure 9 graphically illustrates this

25 - material. For jinstance, if one reguired 500 pg/hour of
iocdine release, a cross-section area of 0.1 in? in
combination with a thickness of ~0.25" will be adequate.
Iodine release rate could be increased by increasing the
cross sectional area and decreasing the thickness.

30 EXRMPLE RO, 3

) e - zatio

Figure 10 illustrates schematically a device 80 to
measure jodine release rate in a connector that is



mal e conponent 12 through a length of conduit 22 to control flow of .
di al ysate as desired. I n anot her enbodi nent, the nmal e conponent 12
of the connector 1 may ‘have clanps integrated into its housing. 10
Referring now to Figure 2, the connector 10 is i1l ustrated. In
the enbodinment illustrated, the "connector 10 includes a channel
30 that cregdegsederf | Ui d . path froman open wel | 32PCTUSIOILINg 14
that is in fluid comuni cation with the catheter on the patient 2.
The 15 channel 30 includes an opening 36 that has a greater

di aneter than the renmaining portions of the channel. The openi ng 36
I's designed to receive a catheter fromthg - second mal e nenber 12 of
Figure 1. This will create a - fluid flow path fromthe CAPD fl uid
source, or an enpty 20 CAPD bag, and the patient. Preferably, the
openi ng 36 I ncludes a seal 38 for sealingly receiving the catheter.
However, in another enbodi ment, the seal is provided on . t he

cat het er . As illustrated, the connector 10 includes a cover 25
40 for covering shsidpercavdhe eonnertaspefi the peesenthinvention.chiaiiel 30.

ég/czilgzcgi;ed Int %@hﬁﬁ%s'ﬁlzlh&iﬂ&afae@avit tna@pmdlfﬁelsi% & y8h thed _
in ogdi men he .congect or | ed in

Figures 1 and 2, ?@ g’ BT fidh 2R WA gid@ﬂ"ﬂﬁﬁd ?ogﬁ%"{ﬁe dben t he

cover 40 30 ghaoheng86 ‘thak chouaes iRelddcdodbne f 8%ml eTootests cthe 0 and

the nmal e c@mponephatérelérsdd) & OMWPE @mﬂ’%hfg'ﬂ@opi¥%laced oveP ke Net al
- pin 43 that secure§it he cover 40 to th _ |
The release rate was measured in a continuous mode.
Table No. 2, below, sets 'f_or'ch the release rate into
various environments. _
10 ' ' - TABLE NO. 2

Diansal S 77 * | Chemical analyeis

Nutrineal | 175# , | Chemical analysis
15 H;0 227 | uV spectrophotometer
Open Air | 287424 Gravimetric
Vacuum ~20 in-Hg 1500 | Gravimetric
Sublimation (in ait) w/o plug | 1471 | Gravimetric
“Except release 10 waier, all Gher are CoRStant rate.
20 #8ingle point data determination.

Figure 11 illustrates, graphica].ly, the results of
the experiment of Example ¥o. 3. ~ It should be noted that
the iodine release rate into Nutrineal™ solution
environment is about 9 to 10 times greater than in

25 - Dianeal® solution, see Figure 11. This difference is
favorable in the sense that the mechanism itself provides
self regulation in iod:.ne release base on demand. This
also reduces toxicity levels and at the same time
conserves iodine source.

30 It was noted that the iod:me release rate in
Dianeal® and Nutrineal™ is const._ant within the patient
usage time frame. In other v'votd's', the release rate is
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- 15 remai ni ng portions of the connector 10. Preferably, the
cover includes a fluorocarbon |lip seal 45. Pursuant to the
present invention, in order to provide a sterile fluid_flow

t hrough the cPPR4e3E) 5 of .t he connector 10, the conne ?W@F des a
rate controlling antim crobial agent releasing systen141

a preferred enbodinent illustrated, the system 41 C|rcunscr|bes
t he opening 36 of the channel nmenber 30. Due to the location of the
system 41, antim crobial agent 10 is rel @@sed and sterilizes the
surfaces of the encl osed wel | 32 when the cover 40 is closed in
addition to the openi ng 36 and the channel 30. The rate
controlling antimcrobial rel easing system 41 i ncl udes ani nt er nal
chanber 44. The internal chanber 15 44 is defined by wall nenbers 46,
48, 50, and 52. Located within the chanber 44 is_a solid

antim crobi al not xpdusad as the concentratipn of, the doding dpqithent
illustrated, wall solutiomdrrreasét, oXldecyeases. ar'mxiis‘rparizicnma:amszgn

unreactive to 20 tgg j?gﬁ@eahf‘ag@&r%ig °§2 )/:S/hrti}?d %tu%gl

I ncl udes an antim CI’ObI asl n ®
antinmcrobial rel ed® :ﬁﬁlﬁ%‘f g thpERe ’B’?"&PPBWS‘“‘} i aneal enyironment; o
agent, which s i n zespéctiivelyn i Basled on earlier estimations by one-time

iodine loading (Table 1), roughly 200 ppm of iodine
concentration is need to provide a 5 log kill. This
means that the current design, at least in theory, should
provide 5 1log kill in one hour. Table 3 below sets forth

10 the accuracy of the release rate production.
IABLE ¥NO. 3
; e R e T
| Release to lab. estimated ppm | Actual device PPM conversion®
‘; | for 8 jog kit release rate
| Dianeal ~10 19 ug/hr 19 ppm/hr
15 N 174 ng/hr 174 ppm/hr

connactor. The less the volume, the higher the ppm. The conversion assumes
1 ml residual fluid.
Free iodine concentration for kill at a given time
20 is probably less than the one time loaded situation.
This required longer time to achieve 5 log kill for a
continuous release system. However, the concentration
can be incredsed by reducing the fluid volume, since ppm
concentration at a given time is calculated as release
25 rate divided by the fluid volume multiplied by the time.
The lower the fluid volume, the higher the concentration.
Table Nos. 4 and 5 below illustrate the results in
Nutrineal™ environment after the devices were exposed to
Dianeal® and Nutrineal™ solutions continuously for one
30 month. 1 cc of Dianeal® was used for soaking and was
replaced three times a week.



chanber 44,

32, as well

t he opening 36 therein.

agent sterilizes

wWQeMestent 12.

10 i s cl osed,
acr oss

mal e 30

of the connector

saturate

and diffuse

to diffuse through the wall.
antim crobi al
and open wel |

In this regard,

is tine to make a connection between

- PCT/ US96/ 08072
devi ces 10 and 12,

the antim crobi al

t he channel
The diffusion of the antim crobial
t he connecti on between the fenal e connect or

This. allows the 25
agent 54 to diffuse across the surface of
as into parts of

even though tHee§880720

the antinmcrobial agent Wil
the well 32. Accordi ngly,
WD 96/ 40361
- 23 - - 16 -
agent will be in place to

sterilize the surface of the catheter

channel

connecti on. O .course, .the system 41 can be used on a variety
of different connection systens, as ¥ 4 ferent
Proporties -~ | fludcc | Device # | - |
D RN 2 e
_ logreducion . |1CC | 05 e
5 lodine .- 047 o028 |04
measured (mg) - | ' B R
release rate 170 280 | 140
(sg/te) |
10 _ : )
logreduction  f0SCC |3 . |3 ' |5
lodine ' 0.33 0.24. | 038
measured (mg) ' 1
15 telease rate Jwes . 120|180
'Oaﬂ") | R
M . _
The average log reduction andiodine reiaeselatelsseenin‘rable No. &.
20 { Fiuid amourt Logreduction | total locine (ppm) fodine release rate I
_n | Inzmwm
H fcc 2231.8log 810 + 178 810*+178 ug/hr
[
_25_ :

30 of the connector
decont am nate any contam nants 5

10,

as wel |

being inserted into the

as sterilize and
that may be present during the

| The release rates are found comparable after one

month of soaking in Dianeal® solution.
ug/hr and 15% pg/hr, respectively. '

They are 174

t he wal |
30 including

when it’

the two



medi cal devices. What is required for the systemis the use of a

solid disinfectant. As set forth above, the 10 solid disinfectant is
preferably a hal ogen, such as i odi ne. The disinfectant nust be
capabl e of sublimation at anbient conditions. Additionally, the
system requir e8096:40361 that a nember be present that allows HGYUSI§ES072

di ffusion of the hal ogen through the nenber and thereby provides 15
a rate controlling rel ease of the halogen. In part, the rel ease rate
of the antimcrobial agent is a function of its pressure within the
chanber as well as the geonetry and.sggucture of the nenber.

A variety of different nmaterials can be utilized for 20 the rate
controlling rel ease nmenber of the present i nvention. In an

enbodi ment, the nenber is porous. A variety of different porous

pl astics may be used I ncl udi ng thernopl astic polynmers, such as

pol yet hyl ene, pol ypropyl ene, PVF, PTEC, nylon, PES, and simlar 25
mat eri al s. FDt cappeis athatr Outhe\dlgveragiecr FEoN Diggygi/hepd

such as that sold b c | f #ﬁ@ rg Eg&fp er
t he tradenane Porextéerrifﬁ(‘iﬁt}’ehggQ ggn%’?'ta %8 PFM a® exén?réa erlggl

constructed froma £8 hpd garidengfor 5!%%?1kﬁéﬂecu?9§ Fysxage PPM in

pol yet hyl ene (UHM/\PE)hhkws ntpi> the 0.5 CC Mitrinadnsplitios als dout 300.

satisfactorily utiliged by 4L MRdea 1p @ WERER 1 Eef e s.p;y”aas“ al

IS a mcroporous na erl w th pore Size. err

permeabl e to vapor, ¥But the competing mechanism hetween iodine
complexization and the free iodine available for kill,

EXAMPLE NO, &
Iodine weiqht Determination for

10 rransfer Set and Disinfe .
APD patient: 12 hours exchanges (8 p.m. to 8 a.m.)
and 12 hours wet (8 a,m. to 8 p.m,). Iodine required for
6 months of service is calculated as [(287 uag/hr) x 12
hr + (175 pg/hr) x 12 hr] x 180 day = 0.99792 gram ~=1
15 gram.

The first part of the calcylation is based on open
air release rate as the worst case. In the actual
device, the loss is believed to be less. The second part
of the calculation is based on Nutrineal solution

20 environment. Again, this is worst case.

CAPD patient: 3 times Dianeal (12 hours), 1 time
Nutrineal (worst case 8 hours overnight), total 4 hours
exchanges maximum,

Iodine required for 6 months of service is

25 calculated as 0.5 grams,

Lose in Dianeal = 20 ug/hr x 12 hr = 240 pug
Lost in Nutrineal = 175 ug/hr x 8 hr = 1400 ug
Lose in exchange = 287 pg/hr x 4 hr = 1148 pg

Based on this preliminary calculation, 1 gram of

30 iodine is needed.
summary

An jiodine POREX design is able to provide ~170 pg/hr
of iodine in the Rutrineal™ solution and -20 ug/hr in the
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- 17 - not aqueous liquids; e.g., it is hydrophobic. I t
provides a material that is inpervious to m croorgani sns.

Additionally, the material allows for a constant rate of del i very of"
the antimcrobial material. Figures 3 and 5 4 illustrate

phot omi cr ogvagsmesesf t he Porex[&rr] - material . Fi W’Q‘mﬁ | ust rat es
the Porex material at 200x magni fication. Figure 4 illustrates
the Porex materi al at 1000x magnification. For a porous
structure, the density and structure 10 of the pores control, at |east
in part, the delivery of " the ant+m@gr~obi al agent. By sel ection of
t he pore structures, size of the area for perneation,

| engt h/ hei ght and sel ection of material, the delivery of t he

antim crobial agent can be precisely controlled. 15 However, the
rate controlling rel ease nmenber can al so be dense and pore-free. The

control of delivery of such a nenber -t-hereby through nol ecul ar
di ffusion of theDianeal® gpipkienoblal Prayide. Brilog iildnin 2hhoures S0 t he

menber . Oppm Stis haversde qb-sbatppermbe t_xeed dn bBReANidras g al 20

et vl Sk ol PIEIE B BB faperBY, 7B H4" e mpasag Yol [\,

of the antim crobh@| Nagiineald spdution an@réﬁl B@y"%oﬁwwﬁqeecfor the
Material s Bhat ipidsedss lsenaﬁmareﬂw.ruandné.or chbfent POREX® dimension

with 0.5 ml or less of res:dual fluid meets the average
5 log kill- requirement. 1 gram ‘of iodine is sufficient
to provide 6 months of usage for both APD and CAPD
patients and’ wmway’ " be extended to one year of uses
10 depending on- ‘the iodme consumpt.{on actually.

It should be understood that .various changes and
modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the
art. . Such changes and’ modifications oan be made without
15 departing from the sp:.rit and scope of the present
invention end without diminiehinq its - attendant
advantages. It is therefore intended that such changes

and modifications be covered by the appended claims.




25 anti m crobi
pol yners, netals,

(HDPE); m croporous mnenbranes;
filmstructures such as pol yeste

| ow density pWOPSHESL ns. 30

By way of exanpl e,

al releasing nenber include: sintered
and ceram cs; non-wovens, such as Tyvex|[ err]

wcephe material isF
“illustrating the

and not Iimt

present invention will now be set forth. WD 96/ 40361

PCT/ US96/ 08072
EXAMPLE NO. 1

| odi ne Requi rei2ént for M crobia
Saturated iodine water (-300 PPM was diluted with Di I

- 18 - This Sheet Has Been Rzﬁlaced

Ml

track etched menbr anes; and dense

BegEEdpy astic el astoners.  and
THIS SRR PEone. SOHER .

Nutrineal[err] solution, available fromBaxter 5 Heal t hcare

Corporation, to a desired concentration for a mcrobial kill test.
For exanple, to obtain 100 PPM solution, 1 m of I[err] saturated
water was mxed with 2 nm of Dianeal or Nutrineal[err] solution.

Because of the

10

15

20

25

30

1. A device comprising:

a body member; _

a chamber defined, at least in part, by a portion
of the body member, the chamber including an interior
having a solid sterilizing component that can sublimate
at ambient conditions:; and )

2 nmenber that defines, in part, the chamber and is
so constructed and arranged to allow the solid
sterilizing component to sublimate in a rate controlled
manner through the member.

2. The device of Clainm 1 wherein the member is
porous.

3. The device of Claim 1 wherein the solid
sterilizing component is iodine.

4. The device of Claim 1 including means for
coupling the device to another device.

5. The device of Claim 1 including a fluid flow
path through the device, the solid sterilizing component
contacting at least portions of the fluid flow path after
it sublimates through the member;

6. The device of Claim 1 including means for
coupling the device to ancther device having a second
fluid flow path and causing the fluid flow path and
second fluid flow path to be in fluid communication.

7. A method for disinfecting an area comprising
the steps of:

providing a product having an area;

housing a solid disinfectant that sublimates at
anbient temperatures in a container that includes a
member that is in juxtaposition to the area; and

allowing the solid disinfectant to sublimate through
the nember ‘intd the area in a rate controlled manner.

Ll

-



strong reacti on between iodine and Nutrineal[err], and 10 therefore,

|l oss of activity, during the antim crobial
St aphyl ococcus Aureus is added

activity determnation
both before and after the dilution

solution to exam ne the 'sequence ‘effect. The foll ow ng

table (Table_1
'Since 'Ehe i oMOAPE6! et BHISASRER
dwell tine is _
dwell tine does not Ki
PCT/ US96/ 08072

TABLE NO. 1
one hour

10

15

20

25

30

il luste

not :a factor in tIRCTABSISOEPHE,

WD 96/ 40361

the. result 15+ f after one hour of dwell.

t he

n§LE5N| al. This neans that extension of

19 -
| odi ne concentr at =027 - Thﬁ Islliimilléilﬁeﬁm&ill

8. The method of Claim 7. wherein port:.ons of the
container are defined by the product.
9. The method of Claim 7 . wherein the solid

'disinfectant is iodine.

The method of c1aim 7 wherein the product is

‘a connector used in a medical ‘procedure. .

11. The method of .Claim 10 wherein the medical

' procedure is dialysis .

12, 'I'he nethod of c1aim 7 wherein the member
includes pores. : :

13. A medical device comprising°

a hody nember including a fluid flow pathway
therethrough :

a chamber member defin:mg an. interior, portions of
the body member defining the chamber member, the chamber
merber including a controllied release member;

a solid sterilizing compound ' located within the

-interior that sublimates at ambient conditions; and

the controlled release member being so. constructed

“and arranged to allow at least some of ‘the solid

sterilizing oompound to sublimate through the controlled
release member and contact at least portions of the fluid
flow pathway. '

14. The device of c1aim 13 wherein ‘the controlled
release’ member is porous. L

15. The device - of c1aim 13 wherein the solid
sterilizing component is iodine. o

16. A system for coupling two  flow pathways
together comprising' '

a first menher including a first fluid flow pathway;

a ‘second member including a. second fluid fiow
pathwvay therethrough and a chamher member defining an
interior, portions of the body defining the chamber, the

[Ty




(PPM or [err]g/g | Di aneal [err] (1.5%
Nut ri neal Conplex 5 T

Car bohydr at e

Sol uti on | odi ne 100

3. 36 VS0 26140361 ) THISBHEET HAS BEEN 5 77 Pchfussensor
0.91 0.32 REPLACED 0 0.24
0 . 5327 . 6 23 4. 95
50[err] 5.32 2. 47 1.7 as Been Replaced
5. 32 0. 37 0.22 - 28 - \
0.19 Betadire[err] 100* \\“\“\\

0.82 0. 44 50a

20 10* 5.77 0. 19 0. 14
0.12 0. 07 a. S. A Dbacteria is added to the iodine

di si nfectant dial ysate sol ut ' added t.0

di al ysate sol ution Fi’?gﬁeﬁna ﬁﬂdgﬁ%ﬂegfgé dfl'gl RPEE( aﬁ'y @on% roé{].%d
EXAMPLE NO. 2 25  release member, a Depbiein reterid ighingodeompounidaddat
Rate into Air and Hhabnﬁhﬂyiwamman: conditions in the thhaBeE| armeitne 60

D et e, 00 Rk ELERGE reteags, apdhe 1o o ALY phd gl
shown in Figu®e 5. %@ allow Fodenst sone pf thersqlist stepil hzing|garrenngdys
prepared from to sub%ihf€lé NERFPSUYIELHY ONEROESEA OFe IBASE HfkmbrDiadGe Of
contact at least portions of the fluid flow pathway; and
means for removably coupling the first and second
nenbers together so that the first and second fluid fliow
10 pathways are in fluid communication.
17. The system of Claim 16 wherein the controlled
release member is porous.
18. The system of Claim 16 wherein the soclid
sterilizing compound is iodine.
15 1s. A method for performing peritoneal dialysis
comprising the steps of implanting in the patient a
catheter that includes at an end thereof a device
comprising:
a body member including a f£fluid flow pathway
20 therethrough;
a chamber member defining an interior, the chamber
being defined, in part, by a controlled release member;
a solid sterilizing compound located within the
chamber that sublimates at ambient conditions; and
25 the controlled release member being so constructed
and arranged to allow at least some of the solid
sterilizing compound to sublimate through the controlled
release nember and contact at least portions of the fluid
flow pathway.
30 20. The method of cClaim 19 wherein the solid
sterilizing compounder is a halogen.

— l—\!||llc\ T AR
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- 20 - UHVPE m cr.oporous sheeting 64, POREX[err], was then cut
and trimmed to size to cover the iodine sublimation surface

62. The POREX[err] 64 was placed on the top of the iodine

sublimation surface 62 which was placed on a mcro- 5 bal ance 66. The
rel ease rate npRseg@sHNt was det erm ned by the m cro-bal ance 66. A
house vacuum 68 was pl aced “ roughly 24 inches above thePGFREUIEPRYT2
article to renove the vol atil e iodine gas. Figure 6
illustrates a setup 70 for release into 10 water 77. A container 71

i ncluding the POREX wall 76 (simlar to wall 64 of Figure 5) was

| ocated in a gl ass vial 74. The anmount of iodine 78 released into

t he wat er 77 was neasured by Uv.ﬁf?ctrophotoneter at ABS 460 nm
Figure 7 illustrates the iodine releas ckness 15 contour plot for
the extra fine m croporous UHMAPE (5-15 [err]m. A constant rel ease
rate was observed for a given t hi ckness. However, the iodine rel ease

rate.is not a | i near function e+‘i¥§¥9@*+ﬂ1ﬂnﬁ¥nr-—- Rel ease rate
approaches a plateau as the thickness passes 0.25", see 20 Fi gure 8.

FIG. 1




was then generated to assess and predict
the iodine releases rate per unit t hi ckness of the m croporous
mat eri al and per unit rel ease surface. Figure 9 graphically
ilTustrates thiv?o&%sa; material. For instance, if one required 500

i odi ne rel ease, a cross-section area oPCOU$IeoReBr I ]

[err] g/ hour of i
in conbination with a thickness of -0.25" will be adequate.
Cross

| odi ne rel ease rate could be increased by increasing the

sectional area and decreasing the thickness. 30

EXAMPLE NO. 3 Rel ease Pl ug Design and Characteri zation

Figure 10 illustrates schematically a device 80 to nmeasur e i odi ne

rel ease rate in a connector that is WD 96/ 40361
2

PCT/ US96/ 08072 - :
simlar to the connector of the present invention. Wll menbers 82

define a cavity that includes a polysulfone

Based on this data, a node

45

FIG.2 ‘0

32 Vi s

42

\
36/"" I

~41

~—50
46 — —— 44

T 30

N\ 14



nmenber 84. The nenber 84 and wall nenber 82 define a chanber 86

t hat houses solid iodine 88. To tests the 5 rate rel ease, a UHW\PE
POREX plug 90 is placed over the i odi ne. The rel ease
rate was neasured in a continuous nobde. Tabl e No. 2, below, sets
forth the rel esxo6/4836e i nt o . various environnents. 10 pCT/USS6/08072
TABLE NO. 2 | odi ne Rel ease Rate Into Various Environnent

Rel ease Into Rel ease Rate - Measurenent Mt hod D aneal
19 4# Chem cal analyis Nut ri neal 175#
Chenical analysis 15 Herr]O 3/7 42+ 7

WV spect ophot onet er Open Air 287 + 24

G avinetric Vacuum - 20 in-FgI@lSSre G avinetric
Subli-mation(in air) wo plug 1471 av tric *Except rel ease
to water, all other are constant rate. 20 #Si ngl e point data

determ nati on. Figure 11 illustrates, graphically, the results
of t he experi meng T S i Clabl s

the iodine release r
is about 9 to 10 tines JEs
Figure 11. This differjs

mechani smitsel f provid B base on
demand. This al R tinme
conserves iodi ne sour ces . T A A . . B rel ease
rate in D aneal S . ¥ o4 'gf ;7'l&n t he

pati ent usage tH.. ‘ R | S
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- 22 - not reduced as the concentration of the iodine in the
sol ution increases or decreases. This particul ar design is able to
provi de an average of 174 [err]g/hr and 20 [err]g/hr inreleasing to
t he Nutrineal[évgf“ﬁﬂﬂ Di aneal [err] environment, 5 I es p@CTiUsed/08072
Based on earlier estinmations by one-tine i odine | oading (Table 1),
roughly 200 ppm of i odine concentration is need to provide a 5 | og
kitl. This means that the curre S|gn, at least in theory,
shoul d provide 5 log kill in E%é Tabl e 3 below sets forth 10
the accuracy of the release rate pro

TABLE NO. 3 Rel ease to | ab. estlnated ppm Actual device PPM
conver si on* for 5 1og k||| 3 )

D aneal -10 19[err] g/ hr Nt ri neal

- 200 174 [err] g/ hr ——
sol ution is depended on the amoupt of sol uti
connector. The |less the volune, fhe higher‘qni ppm The conversi on assumnes
1 mM residual fluid. Free iqdi ne concentration for kill at a

gi ven tine /41;\

60

N

64

Es//\“
| ANNANNNNAN NUNNNNN NN NANNNANM A NN RN NN

FIG.8
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20 I's probably less than the one tine | oaded situation. Thi s

required |onger tine to achieve 5 1log kill for a conti nuous rel ease
system However, the concentration can be increased by reducing the
fluid volune, since ppm concentration at a given tine is calcul ated

as rel ease 25 WO%MM6E divi ded by the fluid volume nul tipli CHP¥PE | ne.
The lower the fluid volune, the higher the concentration.

Table Nos. 4 and 5 below illustrate the results in Nut rineal [err]
envi ronment after the devices were exposiﬁy 0 Di aneal [err] and
Nutrineal [err] solutions continuously for‘ohe 30 nmonth. 1 cc of
D aneal [err] was used for soaking and was repl aced three tines a
week. WD 96/ 40361 s
PCT/ US96/ 08072 23 gy - 23 -
‘ 70
FIG.6 —~—
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#1 #2 #3 #4
0.5 4

0. 28 0.14 0.55 0.45
%7-0 3 280 gvoléag‘m% 550
0.24 038 0.3 0. 38

rate 165

([err]g/hr)

rate is see in Table No. 5.

NO.5 20 Fl ui d anount
i odi ne rel ease rate

2.21.-8 I og 310 + 178
4.3 1 log 837+112

are ‘found conparable af

D aneal [err] sol ut

Release (microgram/hr)

| og reduction

#5 #8
2 5 | odi ne
measur ed( ng)
450 0
5 -5 | odi ne
0. 28 nmeasur ed (ng)
120 190 150 190

| og reduction

1 CC

0.17
rel ease rate

0.5 CC

PCT/US96/08072 0. 33

15
140

rel ease

The average | og reduction and iodine rel ease

Log red@é?i on

TABLE
total iodine(ppm
in 2 hours 1 cc
0.5 cc

310*+178 [err] g/ hr

159 F?Ge‘rg] g/ hr

variation is unknown at this point.

25

The

The cause of

rel ease

rates

ter one nonth of soaking in
i on. They are 174 L=162.5mil
L=875mil | L=200mil
SmL=mm¥‘ \_ % 7 L=242mil
L=665mil_\*, ) 7 = L=300mil
1000 4———p— ) ;./, VI W S el
900 3 ' s
800 -
700 s
600 - 3
500 - s
400 3
300 - -
200 F
100 — 5
0 1 T T T T Y T T . r . . :
0 0.1 0.2 0.3
Area (sg.in) ’
Height,L. |  Slope
(mil) | (ug/hr/sq.in)
0 16241.9
66.5 10020
87.5 8640
121 7380
162.5 6180
200 5520
242 4980
300 4440




pg/ hr and 159 [err] g/ hr,
PCT/ US96/ 08072

appears that the average PPM ([err] g/ g/ 2hr)

the -200 PPM requirenent as

respectively.

WO 96/ 40361
- 24 -
correlates better with
The

It

established earlier for 5 1log kill.

average PPM i n WO96M03612 hours for the 0.5 CC Nutrineal sol utirewusssmbrut

300. 5
to the conpeting nechani sm between the iodine
free iodine available for kill. 777

| odi ne Weight Determ nation for 10
Connect or APD patient:

More PPMis needed in the controlled rel ease sinply due

conpl exi zati on and the

Transfer
12 hours exchanges (8 p.m

and 12 hours wet (8 a.m to 8 p.m?ﬁ‘l@'}nt(lequired for
'service is calculated as [(287 [err]grhr)® hr + (175 [err] g/ hr)

EXAMPLE NO. 5
Set and Di si nfect
to 8 a.m)

6 nont hs of

x 12 hr] x 180 day = 0.99792 gram ~=1 15 gram The first
part of the calculation is based on open
‘ \
\ \
N N
N N 84 80
§ N
\ \
\ N0
\ %
\ N
§ N 88
N A 86
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FIG.11
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air reléase rate as the worst case. In t he act ual device, the |oss

i s bel r{ﬁygﬁiettmsb&n ged The s f the calculation is based
on Nutri mnm \ A 6H 'ﬁHﬁ\S BEEAI h, this i JNO_LS'[ _case.

CAPD pat Di aneal §(12 1 tim H}e,a (jvvo*r%’ S
case g h ni A ED FAMENT ShEET |

-

P
ght), totalf~z=tours exchanges /mam
| odi ne requi red for 6 nonths of service is2@5 cal culfat ap 0 :
Lose in Di = 20 [err]g/hr x 12 hr = 240 [err]g ' R Bnﬁrgmfs
Nut ri neal - o’hr x 8 hr = 1400 [err]g Lose in exchange =

[err]g/hr x 4 hr = 1148 [err]g Based on this prelimnary
calculation, 1 grammfde¥@ce compligithgi:S needed. An i odi ne
POREX design is able to provide -170 [err] g/ hr of iodine in the

Nutrineal [err] gobsdy Giendae;-20 [err]g/hr in the WO 96/ 40361
- 25 -

a chawber defined, at least in part, by a portion of the body
member, the chamber including an interior having a solid
sterilizing component that sublimes at ambient conditions to
provide a sterilizing gas in the interior; and

a controlled release member that defines, in part, the chamber
and is so constrqcted and arranged to allow the sterilizing gas to
pass in a rate controlled manner from the chamber through the

controlled release member to the body member.

2. The device of Claim 1 wherein the controlled release

member is porous.

3. The device of Claim 1 wherein the solid sterilizing
compound is iodine.

4. The device of Claim 1 including means for coupling the
device to, another device.

S. The device of Claim 1 including a fluid flow path through
the device, the sterilizing gas contacting at least portions of the

fluid flow path after it passes through the controlled release

member.

[0 |ll|l| IIIIl IIIII | Hl



‘Dianeal [err] solution. To provide 5 log kill in 2 hours, 300 ppm on

aver sﬂ QedARIplhd8a 2 hrs, H-hA-oi-Rer—wor-ds—60) .[:ﬁﬁﬁFa%:Fh@'eﬁﬂzfé—Z
hour ﬁﬁ i s need®iS SHEET HAS BEENe| Nut r i BEPBATEMENT @HEGT And
10 PP r the 5 Di aRERIACEDr] so] utionijenvir nt

Buer TS e

PCREX[ W T 05~ m—or—tess of re
aver age 5 | og kill requirenment F2Jr-am of iodiTe TS STT T
to provide 6 nonths of usage for both APD and CAPD patients and may

be extended toene ygar qefissest Maim deRRBThAhP MaRE EQLT BSOS Q@Ufégfel on
actual l'y. It should be understood that various changes "an

modi fi cati @ogided tHeapbeRePt hyvpeet ﬁamcg egbedi-BRAt $1uid flgﬁsﬁﬁtﬁe% Jaerein
wi Il be apparent to those skilled in th art. Such changes an

nmodi fi cati gassGR) die @Qﬁd"\"f&m?u%)aéé and d&?él%rntd' 29ub& O ovb t§p| dd e fl‘ii,
scope of the present i nvention and wthout dimnishing its
attendant f1yi3 RAKRRLEALESonlt 1S therefore intended that such changes
and nodifications be covere % by t he appended cl ai ns.

REPLACEMENT SHEET A.megkaéfﬁaev1ce comprising:

a body member including a fluid flow pathway therethrough; -

a chawber member defining an interior, portions of the body
member defining the chamber member, the chamber member including a
qontrolled release mewber;

a solid sterilizing compound located within the interior that
sublimes at ambient conditions to provide a sterilizing gas in the
interioxr; and

the contreclled release member being so constructed and
arranged to allow at least some of the sterilizing gas to pass
through the controlied release member and contact at least portions

of the fluid flow pathway.

8 . The device of Claim 7 wherein the controlled release

mewber is porous.

9 . The device of Claim 7 wherein the solid sterilizing

component is iodine.

10 . A system for coupling two flow pathways together

comprising:

R R



1. A device conprising: a body nmenber; a chanber defined, at
| east in part, by a portion of the body nenber, theFéﬁﬁﬁﬁer*rncTt
interior having a solid sterilizing conponent that Gﬁﬁﬁﬁe§MﬂN¥§¥n n

conditions to provide a sterilizing gas in the intejior; 33953%
controll ed rel ease nenber that defines, in part, theldemhb d-is s

constructed and arranged to allow the siesLlizing gasTtopass In a rate
controll ed manner fromthe chanber through the controlled release nenber

to the body nendefirst membér lgé'ﬁxdi%\é' aerfstlahule WherRichwhpe control | ed
rel ease nenber is porous. . The device of CTaim 1 wherein the

solid sterilizifg s&HPONRBIbES l?lgllﬁglng a séeond€rilYA CE10k qaétl_}m'a’k;
i ncludi ng means for coupling the - device to.another device.

device of Ehak-Btrdrdui ddiang &a%uk%édb%w .9@££h1hgr9ﬁ%te&98rd$\er%§on£ *1%

sterilizing gas contacting at |east portions of
the body defining the chawber, the chamber also being defined,

lan

in
part, by a controlled release member, a solid sterilizing compound
that sublimes at ambient conditions in the chamber providing.a
sterilizing gas in the interior, and the controlled release member
is so constructed and arranged to allow at least some of the
sterilizing gas to pass through the controlled release member and
contact at ieast portions of the fluid flow pathway; and

means for removably coupling the first and second members
together so that the first and second fluid flow pathways are in

fluid communication.

11. The system of Claim 10 wherein the controlled release

member is porous.

12 - The system of Claim 10 wherein the solid sterilizing

compound is iodine.

13. A method for performing peritoneal dialysis comprising

the steps of implanting in the patient a catheter that includes at

an end thereof a device comprising:

a body member including a fluid flow pathway therethrough;
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fluid flow path after it passes through the controlled rel ease nenber.
- 27- 6. The device of CAaim1l including neans fqf N
device to another device having a second fluid flow pat ﬁggﬁg“é@gﬁi% Efh
fluid flow path and second fluid flow path to be in fi yid cdlmbulcalion
A medi cal device conprising: a body nenber inclddong AT Urd-fI oW
pat hway t her et hr ough; a chanber er defining an interior, portions
of the body nenber defining the chanber nenber, the chanber nenber
including a coat cbhinbdrr eepbeer defibeing an inpexiny.d ther Fhapkery eesbund
| ocated within the interior that

defined, in part, by a controlled release member;

a solid sterilizing compound located within the chamber that
sublimes at ambient conditions to provide a sterilizing gas in the
interior; and

the controlled release wewber being so constructed and
arranged to allow at least some of the sterilizing gas to pass
through the controlled release member and contact at least portions
of the fluid flow pathway.

14 . The method of Claim 13 wherein the solid sterilizing

compound is a halogen.




sublinmes at anbient conditions to provide a sterilizi
interior; and the controll ed rel ease nenber bei
arranged to allow at | east sone of the sterilizing ga
controll ed rel ease nenber and contact at |east portio

1 a——tlaa
i —Ae

[ REBLAOEMENT SHEgTal d

sggbgﬁggijyﬂtﬁggh af

pat hway. 8 . The device of Claim7 whgrein the

menber 1S porous. 9 . The device of aim7 wherein the solid
sterilizi nglaia@smeund i s iodine. 10 . A system for coupling two
fl ow pat hways together conpri si ng:

-28-
. 1. A device comprising:

a body wember;

a chamber defined, at least in part, by a portion of the body
member, the chawber including an inte;ior having a solid
sterilizing component that sublimes at ambient conditions ¢to
provide a sterilizing gas in the interior; and

a controlled release member that defines, in part, the chamber
and is so constrx::cted and arranged to allow the sterilizing éa’s to
pass in a rate controlled wmanner from the chawber through the
controlled release member to the body wmember.

2. The device of Claim 1 wherein the controlled release
wenber is porous.

3. The device of Claim 1 wherein the solid sterilizing
camponent is iodine.

4. The device of Claim 1 including means for. coupling the
device to. another device.

5. The device of Claim 1 including a fluid flow path through
the device, the sterilizing gas contacting at least portions of the

fluid flow path after it passes through the controlled release

memnber.
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a first nmenber including a first fluid fl ow pat hway; a__second _nenber
including a second fluid flow pathway theret hro@—HE% SR BReET
menber defining an interior; portions of the body deffji nrn TB e %ﬁaﬁgr,
the chanber also being defined, in part, by a controll gd rikBedaN kRberll a
solid sterilizing conpound that sublines;at anbient ¢ondrfiToRS TH t
chanber providing a sterilizing gas in the interior, and the controlled
rel ease nmenber 1is so construcfed and _.arra d to allow at |east so of
the sterilizifrg gdbet Ge¥ASS ?}-.r t%é“83ﬂ§+‘§|%e&”ﬁe}¥85s8°‘ﬁ%afnbﬁ ‘gﬁ%
contact at least portions of the fluid flow pathway, .and ans for
renovabl ydewigs i 9 PREtheF sdeyhge s8R¥RRI nd “E?JBE%HeF1§8 t t#HEfirst
and second fluid flow pathways are in fluid communication. _ 11, The
syst em of c@haing ltheyfdudich flew Pakhr and eteonide fdaid £ipg, Path b g in

12. The systemof Caim 10 wherein the solid sterilizing conpound is
i odi ne. fluid communication.

7 . A wedical device comprising:

a body member includiﬁg a Fluid flow pathway therethrough; -

a chamber mewmber defining an interior, portions of the body
member defining the chamber member, the chamber wmember includ.ing a
gontrolled release member;

a solid sterilizing compound located within the interior that
sublimes at ambient conditions to provide a sterilizing gas in the
interior; and

the controlled relegse member being so constructed and
arranged to allow at least some of the sterilizing gas to pass
through the controlled release member and contact at least portions
of the fluid flow pathway.

8§ . The device of Claim 7 wherein the controlled release
member is porous.

9 . The device of Claim 7 wherein the solid sterilizing
campound is iodine.

10 . A system for coupling two flow pathways together

rd

comprising:
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13. A method for perform ng peritoneal dialysis npf S the stepgtpiet
i rplanting in the patient a catheter that incl udgg7 atg ﬁ)\an%}tﬁ' t her eof @(77;
devi ce conpri si ng: a body nmenber including a fluid flow pat hway

t her et hr ough; - 29- Ry hanber
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solid sterilizing conpound i s a hal ogen.
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