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OJ' U U'lXMlCR.OB:tJ\L AGENT" 
BACKGRQtJNp OF '!'HE XNYENTXON 

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 surf ace 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 microbials, 
such as bacteria. one means by which such infections can 
be caused is due to connections that create a fluid flow 

20 

path between an access site in the body and a medical 
product to be infused into the body. 

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 tubinq which is fUrther connected to a 

30 container housing a solution. Often, an adapter or other 
connector is provided £or enabling fluid communication 
between the container and the patient throuqh the tubing. 
For example, a connector may be provided at a port on a 
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container to connect an end of the length of tubing to 
the container. 

xn the medical industry, it is also well known to 
provide solutions to a patient, such as for peritoneal 

s dialysis. In peritoneal dialysis, a dialysis solution 
is introduced into the peritoneal cavity utilizing a 
catheter. After a au~ficient period of time, an exchange 
of solutes between the dialysate and the blood is 
achieved. Metabolic waste removal is achieved by 

l.O providinq a suitable osmotic gradient. The dialysis 
solution is then simply drained from the body cavity 
tbrouqb the catheter. 

This procedure is qenerally repeated three or four 
times daily for such a patient. Therefore, repeated 

15 connections and disconnections are required to be made 
from the system. Additionally, during th$ 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 system. 

20 durinq 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 
requiraent is that the system must provide a quick and 

25 simple method for disconnection from the system. It is 
also required that a sterile, contaminant-free, 
environment be maintained after disconnection. Further, 
such a system must provide means £or a simple 
reconnection to the system. 

30 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.q. not 

'· 
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·answering the telephone or door. ~the other hand, if 

the disconnection and/or reconnect~'?Jl cannot be performed 

without contaminating the sys~, con?m.inated system 

components must be replaced. ~- "the, ~lternative, the 

5 contaainated components of the system must be sterilized 
. . 

before reuse of the system. Again, theref~re, a patient 

will ignore the interruption and will continue with the 
.· .. · . . :: ' ··, 

administration of the solution from tne system. 
However,· despite the patien'l;'S.. desire, at times, 

10 interruptions I SUch as' eJllElZ'genci ... S I. r,e~ire disconnection 
from the system~· Therefore, syste..s .aust be provided 

that allow for the disconnection or . reconnection of 

systems without contamination of the components of the 

system.· 

15 In other· areas of the medicai .. i1l4us1;.ry, .the industry 

continues to strive to reduce the incidence of bacteria 
. ··· .. · . 

·infection caused by. bacteria contamination due to medical 
devices or procedures. This is. Particu,larly true with 
respect· to medical apparatus that·. cannqt normally be 

20 sterilized and autoclaved or which are used in bacteria 
containing environments. 

For example, sutures, cathet.~s, surqical tape, 
tubings, sponges 1 gloves, pads, slirgic~i ~overs, dialysis 
C0nD9CtOrs I and. Certain medical. ·.instruments C&DnOt be 

2s autoclaved to insure sterility. They. <>,ften must be used 

30 

. . . . 

in areas where pathogenic ·bacteria are ~countered. 

Accordingly, for· suCb medicai apparatus,'. the. art has long 

sought aeans and ·methods for rendering ... those medical 
apparatus antibacterial ~nd, hopefully, antimicrobial. 

The general approach in the art has been that of 

coating a medical apparatus, ·or a surface thereof, with 

a bactericide. · · HoW8ver, since most.· bac::tericides are 

partially water solUble, or at least require sufficient 
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solubilization for eftective antibacterial action, simple 
rf 

coatings· of bactericides have been proven unreliable. 
For this reason, the art has a.ought to incorporate the 
bactericides into the •edica.:C apparatus or at least 

5 provide a stabilized coating thereon • 
.. ·;;1·· 

For example, with the increased used of polymeric 
materials for the construction of medical apparatus, 
utilizinq an antimicrobial polymer has become even more 
desirable. The art, therefore, has sought various 

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

15 ~his relatively recent effort in tbe art has taken 
a myriad of different approaches. For example, u.s. 
Patent Ro. 3,401,005, in an attempt to create a product 
that functions satisfactorily~ applies a composition of 
polyvinylpyrrolidone and iodine to cotton gauze. When 

20 dried, the coated material would have a germicidal 
characteristic. In a similar effort, a complexed 
composition of polyvinylpyrol!done and iodine was placed 
in absorbable, gelatin foam.a to produce surgical sponges. 
In u.s. Patent No. 3,401,005,· the complexed composition 

25 was found to release iodine under use conditions. ,..,,.. 
Solid polyvinylpyrrolidone complexed with iodine is ., 

disclosed in U.S. Patent No. 3,898,326 as useful as a 
disinfectant material. tJ.S. P~tent 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 com.posi~ion of u.s. Patent No. 
4,381,380 contains a plastic, sparingly cross-linked 

.. 
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polyurethane having -O"'.'(CO)~NH~ urethane -linkages and 

iodine comp~exed w~th • suffic.~e~ number of the linkages 
to provide bacteriacidal prop:erties. to the -composition. 
:todine solutions ·bav.ing concentrlltions. of from 1% to 15% 

;. . . ' : :· 

5 were utilized ·for complexing . the iodine with the 

urethane link8ges.. . . 

Utilizing a plastic completely complexed with iodine 

as a ·pot:ential . self-sterilizi~g naterial bas 
disadvantaq~s.. Among other factors, the concentration 

10 of the iodin~ in t.be solution and the solvent of the 

iodine solution limits th~ amount of iodine complexed 
with the polyureth~ne. FUJ:tber, the rate of release of 
iodine from plastics complexed w~th iodine depends upon 
the affinitythe plastic has for iodine. As a result, 

15 these complexed plastics .. often do . not provide an 
effective de~ivery of iodine into the atmosphere or a 
liquid for suf.fi~i~t_antimicrobial treatment. 

o.s. pa~ent application Serial No., 08/366,336 filed 
on December 28, 1994 provide$ an .. antimicrobial material 

20 including . a plastic material and a molecular halogen 
entrapped within the plastic ma~erial. · The molecular 
halogen is primariiy absorbed intp, the_ plastic material 
and ODiy SOJR8 ~ if any I iS COJRpleXed With the plastic 
material. 

25 In providing ~ucb product~, a variety of factors 
must also . be conside:red in addition to· providing 
sterility. Many ot the products to be.treated require 

that the antimicrob~al . 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 v.ary diverse, encomp21ssing nearly all 
strains of bacterial, fungal, and viral families, the 
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antimicrobial agent Jll\1St have. a broad spectrum in its 

ability to neutralize these infectious aqents. 
Preferably, little or no resistance should build up 
through the mutation of the microbial agents against the 

5 disinfectant. 
Still another requirement for the antimicrobial 

aqent is relatively low toxicity to human tissues over 
long terlll contact. This requiremen~ stems from the 
consideration for the patient and medical personnel 

10 safety. 

SUMMARY OF TQ XNYENTJON 
The present invention provides an improved system 

and method for providing sterile connections. 
15 'l'o 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 solid sterilizing agent is 

25 iodine. 
In an embodiment, the ~evice includes means for 

coupling the device to anoth~ 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. 



• 

W096/40361 PCl'/US9'/08072 

5 

- 7 -

J:n an enabod.iment, the device includes means for 
couplinq the device to another compOIJe~t that includes 
a second :fluid flow path and causinCJ the flu~d flow path 
and second fluid floW path to be in_fluld ~unication. 

In another embodiment . of 1:11• ·invention, a method for 
disinf ectinq an area is provided c;;omp;ris;ing the steps of 
providing a product having an ~rtta, h9usinq a solid 
disinfectant that sublimates at ambient·temperatures in 
a container that includes a member that is in 

10 juxtaposition to the area, and allowing the solid 

disinfectant to sUbli•ate 1:hrouqh the member into the 
area in a rate controlled manner. 

In an embodiment of the .Jlethod, the solid 
disinfectant is iodine. 

15 In an embodiment of the methoc1, the product is a 

connector used .in a medical .Procedure. In· a further 
embodiment of the method1 the medical procedure is 

dialysis. 
In an embodiment of the meth~1 .the member includes 

20 pores. 
In still another emb()diment, the presei>,t invention 

provides a medical device comprising a body including a 
fluid flow pathway therethrC?Ugh,. a. chaml:>er member 
defining an interior, portions of the body ~efining the 

25 chamber, the chamber including .. a .. controlled release . . . : ... ~ . 

memt>er. ·A solid.sterilizing coJD.poundthat sub;L.imates at 
ambient conditions.ls.located wit}iin .th:~ chamber. And 
the controlled ·release member is. so constructed and 
arranged to allow at ~east 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. 
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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 fluid flow patbway therethrough. The first member 
includes a chamber defininq an interior including a 

controlled release JlelDber. 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 11ember 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 implantinq 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 challber member defininq an 

interior, the chamber including a controlled release 

member, a solid sterilizing compound is located within 

25 the chamber that sublimates at ambient conditions. The 

controlled release member is so constructed and arranqed 
to allow at least some of the solid sterilizing compound 

to sublimate and pass throug'h the controlled release 
member and contact at least portions of the fluid flow 

30 pathway. 
An advantage of the present invention is to provide 

an improved method for providing a sterile structure. 
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An additional· advantage of the present invention is 
to provide an improved disinrectant system • 

. Still further, an advantage of· the present invention 
is to provide an improved system that ·can be used in 

s medical devices. 
Moreover, an advantage of the present invention is 

to provide a sterile connection system for use in the 
medical industry. 

Further, an advantaqe of the present invention is 
10 to provide improved CAPD connectors. 

15 

Additionally, an advantage of .the present invention 
is to provide a system for sterilizirig devices solutions 
that is selt ... regulatinq in ·the amount of disinfectant 
that is released. 

Furthermore, the present invention provides 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 
manufact;uring. 

20 Another advantaqe of the present invention is that 
it provides a system for providing antimicrobial action 
that can be used for long term antimicrobial action, 
e.g., several months. 

Adclitional features and 'advantages of the present 
25 invention are described in, and will be apparent from, 

the detailed description of the presently preferred 

30 

embodiments and from the drawings. 

BRIEF p1sciu;moN OF THE DBAWIHGS 

Figure 1 illustrates an environmental view of a 
connector of ~e present invention in its disconnected 
state between a fluid source and a patient. 
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Figure 2 illustrates a cross-sectional view of an 
embodiment of the connector of Figure 1. 

Figure 3 is a scanning electron micrograph at 2oox 
magnification of microporous material that can be used 

s in the present invention. 
!'igure 4 is a micrograph of the material of Figure 

3 at iooox magnification. 
Fiqure 5 illustrates sch~tically a device used in 

Example No. 2. 
10 Figure 6 illustrates sehematically another device 

used in Exanple No. 2. 
Figure 7 illustrates graphically results of Example 

No. 2 setting forth iodine release versus thickness. 
Figure 8 also illustrates __ graphically results of 

15 Example No. 2 setting forth iodine release versus 
thickness of the material. 

Figure 9 illustrates 9raphically a model setting 
·' forth release rate versus rate-length cross-section area. 

Figure 10 illustrates schematically the device used 
20 in Example No. 3. 

25 

Figure 11 illustrates graphically tbe results of 
Examp1e No •. 3 setting forth reiease rate over time. 

DETAILED DESCRIPTION . ., 
QF m PBESENTLY PRBflfRED EMBODIMENTS 

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 preat~t invention, in the 

30 embodiment described below, is used for medical devices 
and specifically connectors for use in continuous 
ambulatory peritoneal dialysi~ (CAPD), it should be 
appreciated that the present invention can be used for 
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a variety of other ~evices in the •edical industry and 
even outside the medical industry wherein antimicrobial 
agents are necessary. 

To this end, the presen~.· invention provides a method 
5 and system for the controlled release. of an antilli.crobial 

agent. Pilrsuant to the pres~t invention, an 
antimicrobial agent . is provided having a significant 
vapor pressure at room temperature. The antimicrobial 
agent is used in a substan~ially pui;e, uncomplexed form. 

10 Halogens, halogen compounds, and especially molecular 
iodine are especially useful for this purpose. 

As set forth in detail below, the antimicrobial 
agent is enclosed in a space where at least one of the 
surfaces is essentially .i•p~rvious and unreactive to the 

15 agent. However I 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 

20 therethrouqh. 
In aneli'lbodiment, 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 device can 1t.lso be dense and pore free and 

25 control of the delivery is thereby through molecular 
diffusion of the antimicrobial agent through the 
thickness of the device. 

The present invention provides many advantages for 
a system and method for delivering antimicrobial aqents. 

30 First., the rate of delivery of the antimicrobial agent 
. . 

can be precisely controlled by the pore structures, size 
of the area for permutation, the hei~ht/lenqth of the 
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member and the selection of material in the case of 
molecular diffusion. 

Because the antimicrobial agent is in substantially 
its pure form, the total amount of antimicrobial agent 

5 that can be delivered is significantly greater than that 
for a comp1exed agent. Xn this regard, in a complexed 
agent only a lllinority of the complexed mass constitutes 
the active agent. Because, in the present invention, the 

antimicrobial agent is provided 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 funct'ion and release regulating 

15 function for the antimicrobial agent. This allows 
significant freedoms in the d8sign 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 allciws one to provide a device 
·I 

that affords greater patient· convenience. 
Separation of fUnction also allows the release of 

antimicrobial agent.to be directional. :rn this regard, 
'V' 

the release of antimicrobial' agent is controlled by the 

25 orientation and location of bte delivery surface with 
respect to the volume Where 'fi#e antimicrobial agents are 
required. 

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

30 CAPD connection system: aqai~, however, the application 
is not so limited. o.s. patent application serial No. 
08/295, 112, filed on August 24, 1994 and entitled: 

"Transfer Set Connector Witili Permanent, rnteqral Cam 

.. 
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Openinq Closure and a Method of Usinq the Same" describes 

a connection device tor a CAPD!!lystem. That disclosure 

is hereby i~eorporated l>y reference. 
GeJlerally, the device of t:11atapplication provides 

5 a conneCtor as•~ly and_ a : method- .f?f connecting a pair 

of connectors to provide fl,uid :conamunication between a 
first lenqth of tub~nq and a seqond length of tubing. 

The connector assembly . incprporates -a binged closure 

providinq _ sealed conne¢ion and disconnection of the 
. .. ..· 

l.O assembly _ upo~ ___ connection ()f the . connectors. .In an 
8mbodiment, the connector assemb.ly comprises a male 

component connected to a. first length of tubing and a 

female compone.nt.~nnectedto :a second lenqthof tubing. 
The feaale component selectively mates with the male· 

15 component providing - communication --between the first 

length of tUbing and the second length of tubing. The 

female component comprises a hinged _closure providing 

selected acc:ess to an orifice_of- the:female component. 

Preferably~ the hinged closure of the connector assembly 
···:' ' · .. 

20 inclucies a spring_ to maintain- a seal of the hinged 

closure. .-__ __ 
Referring now to the drawings, Figure i ·111ustrates 

an environmen~_l. view of a sy~ employing the connector 
10 of the present invention. 'fh:econnector 10 is part 

. . .. .. ~ ·. . 

25 of ·a connection syst~.that is generally illustrated at 
- -

1 and includes the connector 10 that is a female 

component and a m~le_ c:,:omponent 12. As -.illustrated in 

Figure 1, in a preferred embodiment of - the present 
invention, tlle female component 10 is connected to a 

30 conduit 14 whiC!l is attached via a catheter 15 to a 
patient 2. __ _ 

'l'he male compc.nent 12, on the other hand, in a 

preferred embodiment, may be connected to a Y-set 
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generally illustrated at 18, The Y-set 18 includes two 
containers 2oa, 201>. Typically,·~:for peritoneal dialysis, 

one of the containers, for exataple, the container 2oa, 
is filled with a dialysate .and the other container 201> 

5 is empty. The containers 20a anit·2ob are attached to the 

:male component 12 through a .. iength of conduit 22 to 
control flow of dialysate a$1··'desired. · In another 
embodiment, the ma.le component· 12 of tbe connector 1 may 
have clamps integrated into its housing. 

10 Refer.ring now to Figure i 2', the connector 10 is 
illustraU.ed. Xn the embodfillent illustrated, the 
connector 10 includes a channel.,.30 that creates a fluid 

path from an open well 32 to a tii'bing 14 that is in fluid 
communication with the catheter on the patient 2. The 

l.5 channel· 30 includes an opening" 36 that has a greater 
diameter than the remaining portions 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 

20 CAPD bag, and the patient. Preferably, the opening 36 

includes a seal 38 for sealinCJlY 'receiving the catheter. 
However, in another embodiment, the seal is provided on 
the catheter .. 

As illuatrated, the connector 10 includes a cover 
25 40 for covering the open well ~2 and opening 36 of the 

channel 30. As discussed in~' detail in u.s. patent 
application serial No. 08/295,lii, in the embodiment of 

the connector 10 illustrated in Flgures 1 and 2, the male 
;.!.I 

component· 12 is designed to b1as open the cover 40 
... 

30 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 

,! 
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remaining portion&. . of the eonnector 10. Preferably, the 
cover inclµ~esa fluorocarJ:>on·lip seal 45. 

Pursuan~ to the present invention, in order to 
. . 

provide a s,t~ile r:tui~ f:low path through the channel 30 
5 of the connector 1(), the. connector includes a rate 

controlli119antimic:1rc;>bial agent releasing system 41. In 
a preferred -eJllJ:>9.'1iJllent illustrated, the system 41 

circum.scri):)es t~e .q>ening -36 of the channel member 30. 

Due to· the. loc=:ati~n .of the systeJll 41, antimicrobial agent 
10 is released and -~rilizes the surfaces of the enclosed. 

well 32 when the covel;' 40:is·closed in addition to the 
opening 36 a~ the_ chl!Ul!lel 30 •. · · 

'l'he rate cont?:r:::e>ll.ing antiliicrobial· releasing system 
41 includes a~ .1nt,.~mal cha;mber 44'. '.'.l'he internal chamber· 

15 44 is defined by .w~ll ·. m8labers 46, 48, so, and 52. 

LOcatad within the chamber 44 is a solid antimicrobial 
agent 54. 

In th~, pref~;'F'ed emt)odimen~· illustrated, wall 

members 46, 48,. ana so.are.impervious and unreactive to 
20 the antimicrobi~l ,. ·~•nt 54. However, the system 41 

includes an anti:micro~if1l reJ,eas.ing wall member !52. The 
antimicrobial releasing wall member 52 allows the 
antimicroJ:>.ial ,~q•n~, which is .in a. solid :form in the 

: . . . . . . 

chamber 44, to dit~~e. through t!le wall. This allows the 
25 antimicrooial.., ac;ient 5~. to di:f~•e across· the surface of 

the wall 52 . and OP•.n w•ll 32, · •s· well as into parts of 

30 

. ": · ... 

the channel 30 inclµding the opening 36 therein. 
The diffusion of the antimlcropial agent sterilizes 

the connection between the female connector 10 and male . . ·. . . . . 

component 12. In this reqard, even though the cover 40 ·. •. ·. . . ... 

of the connector lQ is.closed,, ,~e ~timicrobial agent 
. ·. . .. · 

will saturate an~ diffuse across the well 32. 

Accordingly, when it is time to make a connection between 
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the two devices 10 and 12, the antimicrobial aqent will 
be in place to sterilize the surface of the catheter 
being inserted into the channel 30 of tbe connector 10, 
as well as sterilize and decontaminate any contaminants 

s that may he· 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 haloqen, such as 
iodine. !'he ctisinf ectant 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 aember 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 varie~ of different mater~als can be utilized for 
20 the rate controlling release member of the present 

invention. ln an embodiment, tbe member is porous. A 
variety of different porous plastics may be used 
includinq theftloplastic polymer~, such as polyethylene, 
polypropylene, PVF, PTBC, nylon, PBS, and similar 

25 materials. 
For example, a porous wall member can be utilized 

such as that sold by Porex Technoloqies of Fairburn, 
Georgia under the tradename Po~. :rt has been found 
that a Porex material constructed from a polymer of ultra 

30 high molecular weight polyethylene (UBMWPE) having 5 to 
15 micron pores can be satisfactorily utilized in a CAPD 
connector. The Porex8 material is a microporous material 
with known pore size. Porex• is permeable to vapor, but 
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. ·,·.: .. 

not aqueous liquid-1 · e.9., it- --·is hydrophobic. :Ct 

providea a ~aterial- that is impervious to microorganisms. 
AdcU.tionally, -ihe .lllaterial allows. for a constant rate of 

· dell very of ~e a~~i-~crobial-- m_~t.arial. -Figures 3 and 
5 4 illuStrate Ph0tt?micrQ9raphs ·:Of •· t:lle- Porex9 material. 

-Figure 3 illustrates th,e Porex ··. -material at 2oox 
magnification. Fi911re 4 illustrate& the·I>orex material 
at iooox magnification. 

For a J>Ol:0\18 s-µuctur:e, -tbe'. density and structure 
10 of the pores contr()l, .at least::in-:part, the delivery of 

the antiJl.icrobial a9~nt.; By . selactien of the pore 
strilctures, size of the - area for permeation, 
length/height apd sel,.ection of material, -the delivery of 

15 

the antiiaicroJ:>ial aqent,can be precisely controlled. 
HoWever, the rate .controlling release member can 

also be dense and pore-free. The control of delivery of 
such-a member there~y throughmolecu1ar diffusion of the 

.. ·• 

antimicrobial ag:~t throµ.9~. the t,hickness of the member. 
one such material- that c~n be used as the antimicrobial 

. .. . . 

20 releasing. wail ~s inert _polP.le~ic Jaaterial. - By selection 

25. 

30 

·. 

of the~terial-and thi~kness of :the wall structure, the 
rate of delivery of the antimicrobial agent can be 

precisely controlled.. . ·. : -
Materials that it is believed can be used for the 

antimicrobial releasing member.- include: sintered 
polymers,· netals, a~ _ cerami~s: nc;m-wovens, such as 
Tyvex9 (HDPE)r microporous 111embranes1 track etched 

membranes; and dense film structures such as polyesters, 
thermoplastic elastomers, and low density polyolefins. 
Preferably, th~ lll~terial is hydrophobic. 

By ~ay ·of- example; ·and. not limitation, examples 
illustrating tlie- pre,sent invention will. now be set forth. 
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BDHPU llO. 1 

194ipe BegUireaen' fg~ Xicr9hial gill 
Saturated iodine water (-300 PPM) was diluted with 

Dianeal• or Nutrineal• solution, available from Baxter 
5 Healthcare Corporation, to a desired concentration for 

a microbial kill test. For example, to obtain 100 PPM 
solution, 1 al of I 2 saturated water was mixed with 2 ml 
of Dianea1• or Nutrineal111 solution. Because of the 
stronq reaction between iodine and Nutrinealw, 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 follo.wing 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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DBLI IQ, 1 . 
. •: ..•. : 

Iodine oo'1centratlon u,g r&ducilon In. one hour 

(PPM) or IJ9/g 

Iodine 

100· 
50•. 

10• 

1• 

10011 

5D11 

1011 

1" 

Betadlne-

100' 

so· 
10• 

1• 

Dlaneal• (1.6%) Nutrlneal111 ·Complex 

Carbohydrate 

Soli.ltion 

5.77 3.36 3.45 

2.19 

5.77 Q.91 0.32 

0 0.24 0 

5.32 6.23 4.95 

5.32 2.47 1.73 

6.32 0.37 D.22 

0.19 

5.77 0.82 D.44 

0.67 

5.77 0.19 0.14 

0 0.12 0.07 

Detezmination of Iodine Release 
Rate ipto Mr pd up Bnvirou•nt 

A systematic setup 60 to measure the iodine release 
rate by permeation throughout the UHMWPE microporous 
material into tbe air environment is shown in Figure s. 

30 Roughly 1 x 1 in2 of iodine solid 62 was prepared from 
the iodine powder by compression molding. A piece of 
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UHMWPE microporous sbeetinq 64, POREX9 , was then cut and 

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

s balance 66. '!l'he 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 qas. 

Figure 6 illustrates a setup 70 for release into 
10 water 77. A container 71 including the POREX• wall 76 

(silllilar to wall 64 of Figure 5) was located in a glass 
vial 7 4 • ~he amount of iodine 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 

µm). 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 a. 
Based on this data, a model was then qenerated to 

assess and predict the iodine releases rate per unit 
thickness of the microporous material and per unit 
release surface. Figure 9 grap~ically illustrates this 

25 · material. For instance, if one required soo µ9/hour of 
iodine release, a cross-section area of o .1 in2 in 
combination with a thickness of -0 .. 25" will be adequate. 

2odine release rate could be inQreased by increasing the 
cross sectional area and decreasing the thickness. 

30 BXMCPLB RO. 3 
Release P1uq pesiqn an4 Characterization 

Figure 10 illustrates sc:he~atically a device so to 
measure iodine release rate in a connector that is 
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similar to the connect.or of . the . present invention. Wall 
members 82 define a cavity that includes a polysulfone 
member 84. The member 84 and wall· member 82 define a 
chamber 86 that houses solid iodine ea. To tests the 

. ·. ,. :. 

s rate release, a UBMWPE POREX- plug 90 is pl~ced over the 

10 

15 

iodine. 
. ' 

The release rate was measured in a continuous mode. 
Table No. 2, below, sets forth the release rate into 
various environments. 

nBLB 1'0. 2 

JoOine l.e1•'8• .. ta :rpto Yllriou•·Bnyiropent 

Belaase Into Release Rate Casi/bQUr) . Measurement Metbod 

Dlaneal 19.4* Chemical analysis 

Nutrlneai 175# Chemical analysis 

H20 42.±.-; UV spectrophotometer 

Open Air 287..±,24 Gravimetric 

Vacuum -20 ln~Hg 1500 Gravimetric 

Sublimation (In 811)· w/o plug · 1471 Gravimetric 

"t:XC8 pt mease to water, •• ctr er are constant rate. 
2 o #Single point dat8 detennlnatfon. 

Figure 11 illustrates, gr~phically, the results of 
the experiment of Example No. 3 •. It should be noted that 
the iodine release rate i~to HUtrinealw 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 iodine· release base on demand. This 
also reduces toxicity levels and at the same time 
conserves iodine source. 

30 It was noted that the iodine release rate in 
Dianeal• and Nutrineal• is constant '(ithin the patient 
usage time frame. In other words, the release rate is 
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not reduced as the concentration of the iodine in the 
solution increases or decreases. This particular design 
is able to provide an average of 174 pq/hr and 20 µq/hr 
in releasinqto the Nutrineal• and Dianeal• environment, 

5 respectively. Based on earlier estimations by one-time 
iodine loadinq (Table 1), roughly 200 ppm of iodine 
concentration is need to provide a 5 lo; kill. This 

means that tlle current design, at least in theory, should 
provide 5 log kill in one hour. Table 3 below sets forth 

10 

15 

the accuracy of the release rate production. 
'IMLI no. 3 

Release to lab. estimated ppm Actual device PPM conversion* 

forS log kll release rate 
Dlaneal -10 19pg/hr 19 ppm/hr 

Nutrfneal -200 174 ,.g/hr 174 ppm/hr 

n a on 
connector. Thalass'lhevolume. the higher the ppm. The conversion assumes 
1 1lll 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 increased by reducing the fluid volume, since ppm 
concentration at a qiven 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. l cc of Dianeal• was used for soaking and was 
replaced three times a week. 
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Properties · tlulcl cc Device 11· · ... <·:· 

.. ' #1 . #2 if!3 #4 #5 #8 

log. reclU<:don 1 cc 0.5 4 2 
.. 

Iodine 0.17 0.28 0.14 0.55 0.45 -
measured (mg) 

.. 

release rate 170 280 ·14cf 550 4SO -
;•-· 

(Ilg/hr) 

log reductkm. o.scc 3 3 5 5 5 5 

Iodine 0.33. 0.24: 0.38 0.3 0.38 0.28 

~sured(mg) ' 

' 

release rate 165 120 .. 190 150 190 140 

(IAQ/hr) .. 

The average I® reduction and ladl~ release rate Is seen in Table No. s. 
TUIJ;NOi~ 

Flulcl amount Log redudlon total Iodine (ppm) iodine release rate 

in2~ 

1 cc 2-U,1.Slog 310 + 178 310*,±178 p.g/hr 

' 
D.5 cc ~-3..±. 1 log 637.±.'112 159 .±. 28 ,,.g/hr 

· .• ne cause Cl' vanmKl.'1 is .UnKnown at tn1s point. · ·· 

The release rates are found comparable after one 
month of soaking ·in Dianeal• solution. They are 174 
µg/hr and 159 ~g/hr, respectively. 
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It appears that the :~veraqe PPM (µg/g/2hr) 
correlates better with the '."r,ioo PPM requirement as 
established earlier for 5 log ~~11. The average PPM in 
2 hours for the o.s cc Nutrineal solution is about 300. 

5 More PPM is needed in the controlled release simply due 
to the competing meehanis~ between the iodine 
complexization and the free io4J,ne available for kill. 

10 

BDKl'LB 110. 5 

%o4ine wai9bt Determination £or 
'.rranafer Set. an4 pifi»fect CC>JUle¢or 

APD patient: 12 hours ex~ges (8 p.m. to 8 a.m.) 
and 12 hours wet (8 a.m. to B p.m.). Xodine required for 
6 months of service is calcula1!ed as [(287 µq/hr) x 12 
hr + (175 pg/hr) x 12 hr] x 180 day • o.99792 gram -=l 

15 gram. 
The first part of the calC9-lation is based on open 

air release rate as the worst case.. J:n 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 a hours overniqht), total 4 hours 
exchanges maximum. 

Iodine required for 6 1110nths of service is 
25 calculated as o.s grams. 

Lose in Dianeal • 20 ~CJ/hr x 12 hr • 240 ~g 
Lost in Nutrineal • 175 pg/hr x 8 hr = 1400 p.g 
Lose in exchange = 287 µq/hr x 4 hr = 1148 l'9 

Based on this preliminary calculation, 1 gram of 
30 iodine is needed. 

&gmmary 

An iodine POREX design is able to provide -110 p.g/hr 
of iodine in the Nutrineal ... solution and -20 µq/hr in the 
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Dianeal• solution. To provide·:5 log k~ll in 2 hours, 300 
ppm on average ( o~&oc) i>Pm · i~ 2 . bg;_,, in -~ words 600 

ppm at tbe:end of 2 bouts controi ·~•lease) is needed for . . ... . :-:..·. .· .. 

the Nutrineal Ill . solution and io . p~ on:· avera9e for the 
s Dianea1•· solution ·environment. ¢urrent .POREX9 dimension 

with o.s ml or less of residua~·flu~d.meets the average 
5 log kill·· requirement~ 1 g~mn of .. l~dine is sufficient 

to provide 6 ·months of usa9~ .. ..,for both APO and CAPD 
patients and Di.y·' be· extended .. · to. one year of uses 

lo depending on:the iodine "cons\UlpttJn.actually. 
It should be urtdersto~d .. :ti,at va:rious changes and 

modifications to the presen~ly. preferred elllbodiments 
described herein will be apparent ~o th.ose Skilled in tbe 
art •. Such cha:n9es and· ~~dificat.i0ns ~an be made wlthout 

15 departing from tbe spirit and ~cop$ of the present 
invention and witbaut di~in.ishj.nCJ .. its·. attendant 
adVantages. It is tbeXiefore i·ntend~_d that suQh changes 
and modifications be covered by.the. appended claims. 
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1. A device comprising: 
a bodyaember1 
a chamber defined, at least in part, by a portion 

5 of the body member, the chal'llber including an interior 
bavinq a solid sterilizing component that can sublimate 
at ambient conditionst and 

a menber that defines, in part, the chamber and is 
so constructed. and arranged to allow the solid 

10 steri1izing component to sublimate in a rate controlled 
manner through the member. 

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

3. The device of Claim i wherein the so1id 
15 sterilizing component is iodine. 

4. The device of Clai'm l includinq means for 
coupling the device to another device. 

s. The device of Claim 1 including a fluid flow 
path through the device, the solid sterilizing component 

20 contacting at least portions of the fluid flow path after 
it sublimates throuqh the member. 

6. The device of Claim l including means for 
coupling the device to another device having a second 
fluid flow path and causing the fluid f'low path and 

25 second fluid fl.ow path to be in f1uid communication. 
7. A aethod for dis inf ectinq an area comprisinq 

the steps of: 
providing a product having an area; 
housing a solid disinfectant that sublimates at 

30 Ulbient temperatures in a container that includes a 
aelllber that is in juxtaposition to the area: and 

allowing the solid disinfectant to sublimate through 
the meJllber'into the area in a rate controlled manner. 

11111111 ~llll lllll lllll 111111 
* C L M S * 
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a. The methcxl of Claim. 7 wherein portions of the 
container are defined by the product. 

9. The meth,od of Claim 7 • wherein the solid 
·disinfectant ls.iodine. 

10. · The ml!thod of Clai11 7. wherein the product is 
a. connector used in a medical procedure. 

11. The method of Claim 10 wherein the medical 
procedure 1~ dialy~is. 

12 • The ··method. of Cla~m 7 wherein the member 10 includes pores. 
13. A .·medical device comprising: 
a body member including a fluid· flow pathway 

therethrouqh1 
a chamber mfllllber defining .. a.n interior·,· portions of 

15 the body member defining the c::.llaDl:>er member, the chamber 
member including. a·co1.1trolled· release member; 

a solid.· s.teril~zing. comp9und ·located within the 
interior that sublimates at ambient .. conditions; and . the controlled rele21se m~~r being. so· constructed -

~ . 20 and arranged to all0w at least _some .. of ·the solid: 
sterilizing compound to sublimate throuqh the controlled 
release member and contact at least portions of the fluid 
£low pathway. 

14 ~ The device of Claim 13 wherein the controlled 25 release .~~ is porous. . . . 

30 

15. The de~ice . of Claim 13 wherein the solid 
sterilizing component is iodine • . ·· : ·.··, : . . 16. A system for coupling two flow pathways 
together comprising: 

a first mEmber includinq a. first fl.uid· :~l.ow pathwayr 
·a second me~er including a,. s•c:~~g fluid flow 

pathway theretlirC>ugh ~nd a chamber: ~~~·"defining an interior, ·portions of the body defining the chamber, the 
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chamber also being defined, in part, by a controlled 
release member, a solid sterilizing compound that 
sublimates at ambient conditions in the chamber, and the 

controlled release member is so constructed and arranqed 
5 to allow at least some of the solid sterilizing compound 

to sublimate through the controlled release member and 

contact at least portions ot the fluid flow pathway; and 

means for renovably coupling the first and second 
meml:>ers together so that the first and second fluid flow 

10 pathways are in £luid COllJllUnication. 
17. The system of Claim 16 wherein the controlled 

release member is porous. 
18. The system of Clailll 16 wherein the solid 

sterilizing compound is iodine. 
15 19. A lllethod for perforining peritoneal dialysis 

comprising the steps of implantinq in the patient a 
catheter that includes at an end thereof a device 
comprising: 

a body member including a fluid flow pathway 
20 tberethrouqh; 

a chamber member defining an interior, the chaml:>er 
being defined, in part, by a control1ed release member; 

a solid sterilizing compound located within the 
chamber that sublimates at ambient conditions; and 

25 the controlled release neDber being so constructed 

30 

and arranged to allow at least some of the solid 

sterilizing compound to sublimate through the controlled 
release 11eml:>er and contact at 1east portions o~ the fluid 
flow pathway. 

20. fte nethod of Claim 19 wherein the solid 
sterilizing compounder is a haloqen. 

-------- --· -·· 
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