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( 57 ) ABSTRACT 
Amethod for immobilizing dyes and antimicrobial agents on 
a polymeric cover or housing for a medical device is 
disclosed and described . The surface may be that of a 
catheter , a connector , a drug vial spike , a bag spike , a 
prosthetic device , an endoscope , a surface of an infusion 
pump , a key pad , a touch screen or a handle . The surfaces 
may also be one or more of those associated with a infusion 
of a medicament or dialysis treatment , such as peritoneal 
dialysis or hemodialysis , where it is important that the 
working surface for the dialysis fluid be sterile . These 
surfaces include connectors for peritoneal dialysis sets or for 
hemodialysis sets , bag spikes , dialysis catheters , and so 
forth . A method for determining whether a surface has been 
sterilized , and a dye useful in so indicating , is also disclosed . 
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ANTIMICROBIAL HOUSING AND COVER Polymers are used to make many of the diagnostic or 
FOR A MEDICAL DEVICE therapeutic medical devices that are subject to biofilm 

formation . For example , connectors for kidney dialysis , such 
as peritoneal dialysis and hemodialysis may be made of 

Matter enclosed in heavy brackets [ ] appears in the 5 polymers . Dialysate fluid containers , access ports , pigtail 
original patent but forms no part of this reissue specifica of this reissue specifica - connectors , spikes , and so forth , are all made from plastics 
tion ; matter printed in italics indicates the additions or elastomers . Therapeutic devices such as catheters , drug 
made by reissue ; a claim printed with strikethrough vial spikes , vascular access devices such as luer access 
indicates that the claim was canceled , disclaimed , or held devices , prosthetics , and infusion pumps , are made from 
invalid by a prior post - patent action or proceeding . 10 polymers . Medical fluid access devices are commonly used 

in association with medical fluid containers and medical 
RELATED APPLICATIONS fluid flow systems that are connected to patients or other 

subjects undergoing diagnostic , therapeutic or other medical 
This application ) The present application is a reissue of procedures . Other diagnostic devices made from polymers , 

U . S . patent application Ser . No . 12 / 759 , 437 , filed on Apr . 13 , 15 or with significant polymer content meant for contact with 
2010 , issued as U . S . Pat . No . 9 , 125 , 973 , which is a con tissues of a patient , include stethoscopes , endoscopes , bron 
tinuation - in - part of U . S . patent application Ser . No . 11 / 780 , choscopes , and the like . It is important that these devices be 
876 , titled IMMOBILIZATION OF DYES AND ANTIMI sterile when they are to be used in intimate contact with a 
CROBIAL AGENTS ON A MEDICAL DEVICE , filed Jul . Palien . * 20 Typical of these devices is a vascular access device that 20 , 2007 , and assigned to the assignee of the present allows for the introduction of medication , antibiotics , che application , the entire contents of each of which are hereby motherapeutic agents , or a myriad of other fluids , to a incorporated by reference and relied upon ; [ this application ] previously established IV fluid flow system . Alternatively , 
U . S . patent application Ser . No . 12 / 759 , 437 is also a con the access device may be used for withdrawing fluid from 
tinuation - in - part of U . S . patent application Ser . No . 11 / 780 , 35 100 , 25 the subject for testing or other purposes . The presence of one 
917 , entitled MEDICAL FLUID ACCESS DEVICE WITH or more access devices in the IV tubing sets eliminates the 
ANTISEPTIC INDICATOR , also filed on Jul . 20 , 2007 , and need for phlebotomizing the subject repeatedly and allows 
assigned to the assignee of the present application , the entire for immediate administration of medication or other fluids 
contents of each of which are hereby incorporated by directly into the subject . 
reference and relied upon . 30 Several different types of access devices are well known 

in the medical field . Although varying in the details of their 
BACKGROUND construction , these devices usually include an access site for 

introduction or withdrawal of medical fluids through the 
The present disclosure relates generally to methods of access device . For instance , such devices can include a 

immobilizing dyes and antimicrobial agents on a surface , 35 housing that defines an access opening for the introduction 
especially a surface of a medical device . In particular , the or withdrawal of medical fluids through the housing , and a 
disclosure relates to methods of treating a polymer surface resilient valve member or gland that normally closes the 
for better attachment of antimicrobial agents onto the sur - access site . Beyond those common features , the design of 
face , and for the attachment of dyes to the surface . The dyes access sites varies considerably . For example , the valve 
will change from a first color or appearance to a second color 40 member may be a solid rubber or latex septum or be made 
or appearance when they are swabbed with a disinfecting of other elastomeric material that is pierceable by a needle , 
fluid , such as isopropyl alcohol ( IPA ) or a solution of water so that fluid can be injected into or withdrawn from the 
and IPA , especially a solution of 70 % water / 30 % IPA . access device . Alternatively , the valve member may com 

Infections acquired at hospitals or other health care sites , prise a septum or the like with a preformed but normally 
nosocomial infections , are an undesirable source of distress 45 closed aperture or slit that is adapted to receive a specially 
to patients . The advent of ever - more resistant bacteria and designed blunt cannula therethrough . Other types of access 
bacteria that are resistant to multiplicities of drugs only devices are designed for use with connecting apparatus 
exacerabates the problem and makes the eradication of these employing standard male luers . Such an access device is 
infections even more important . An example of one cause of commonly referred to as a " luer access device " or " luer 
such infections is a biofilm , an aggregate of microbes with 50 activated device , ” or “ LAD . ” LADS of various forms or 
a distinct architecture . A biofilm is similar to a small city designs are illustrated in U . S . Pat . Nos . 6 , 682 , 509 , 6 , 669 , 
with a great abundance of microbial cells , each only a 681 , 6 , 039 , 302 , 5 , 782 , 816 , 5 , 730 , 418 , 5 , 360 , 413 , and 5 , 242 , 
micrometer or two in length . The microbes form towers that 432 , and U . S . Patent Application Publications Nos . 2003 / 
can be hundreds of micrometers high , with the “ streets " 0208165 and 2003 / 0141477 , all of which are hereby 
between the towers being fluid filled channels that supply 55 incorporated by reference herein . 
nutrients , oxygen , and other necessities to the biofilm com Before an access device is actually used to introduce or 
munities . withdraw liquid from a container or a medical fluid flow 

Such biofilms can form on the surfaces of medical system or other structure or system , good medical practice 
devices , especially implants , such as contact lenses , cath - dictates that the access site and surrounding area be con 
eters or other access devices , pacemakers , and other surgical 60 tacted , usually by wiping or swabbing , with a disinfectant or 
implants . The U . S . Centers for Disease Control ( CDC ) sterilizing agent such as isopropyl alcohol or the like to 
estimates that over 65 % of nosocomial infections are caused reduce the potential for contaminating the fluid flow path 
by biofilms . Bacteria growing in a biofilm can be highly and harming the patient . It will be appreciated that a medical 
resistant to antibiotics , up to a thousand times more resistant fluid flow system , such as an IV administration set , provides 
than the same bacterium not growing in a biofilm . It would 65 a direct avenue into a patient ' s vascular system . Without 
be desirable if the surfaces of these medical devices were proper aseptic techniques by the physician , nurse or other 
resistant to biofilm formation and bacterial growth . clinician , microbes , bacteria or other pathogens found on the 

of 
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surface of the access device could be introduced into the IV Another embodiment is a medical device . The medical 
tubing and thus into the patient when fluid is introduced into device includes a cover or housing for a medical device 
or withdrawn through the access device . Accordingly , care is made from a polymer , a plurality of attachment sites on a 
required to assure that proper aseptic techniques are used by surface of the cover or housing , optionally , a plurality of 
the healthcare practitioner . This warning applies to many 5 functional groups attached to the attachment sites , a solvato 
medical devices , especially those in contact with the patient , chromic dye , attached to the attachment sites or to the 
and especially so for access devices that , like catheters or functional groups , wherein the surface is configured to 
infusion pumps , access the patient ' s bodily orifices , espe - reversibly change from a first appearance to a second 
cially those of the vascular system . Other devices that are appearance when the porous polymeric surface is swabbed 
subject to multiple touches include device covers and hous - 10 with a disinfecting solution , and an amino - alkyl containing 
ings , and especially touch - screens , key pads , and user con - compound selected from the group consisting of peptides , 
trols , such as switches , handles , and knobs . proteins , Factor VIII or other anti - clotting Factor , polysac 
As described more fully below , the methods for attaching charides , polymyxins , hyaluronic acid , heparin , condroitin 

antimicrobial agents and dyes that indicate that proper sulfate , chitosan , and derivatives of each of these , to the 
aseptic techniques have been used , are believed to represent 15 attachment sites . 
important advances in the safe and efficient administration Additional features and advantages are described herein , 
of health care to patients . and will be apparent from , the following Detailed Descrip 

tion and the figures . 
SUMMARY 

BRIEF DESCRIPTION OF THE FIGURES 
One embodiment is a method for providing a cover or 

housing for a medical device . The method includes steps of FIG . 1 is a perspective view of a medical device ; 
providing a medical device cover or a housing made from a FIG . 2 is a cross - sectional view of a medical device ; and 
polymer , the polymer optionally including a porous surface . FIG . 3 is a perspective view of a medical housing and 
The method also includes steps of treating a surface of the 25 cover . 
cover or housing with a plurality of functional groups , 
attaching a linking group to the functional groups , and DETAILED DESCRIPTION 
attaching an antimicrobial agent to the functional group or to 
the linking group . Immobilization of Dyes and Antimicrobial Agents 

Another embodiment is a method of treating a medical 30 on Polymer Surfaces 
device . The method includes steps of treating a surface or 
porous surface of a polymeric cover or a polymeric housing This section describes the experimental work that was 
for a medical device with a strong acid or plasma discharge done to prepare polymeric surfaces for direct attachment of 
to provide a plurality of functional groups on the surface . dye molecules and antimicrobial agents . The substances 
The method also includes steps of reacting the functional 35 used to prepare the surfaces function by reacting the surfaces 
groups with a linking agent to form attachment sites , the and adding functional groups that will covalently bind the 
linking agent selected from the group consisting of poly ( N - dye to the surface . Examples of dyes include Reichardt ' s dye 
succinimidyl acrylate ) ( PNSA ) , polyethyleneimine , polyal - and solvatochromic dyes . A solvatochromic dye changes 
lylimine , and polymers with an aldehyde functional group , color to alert a medical professional that the surface , such as 
and attaching a solvatochromic dye , an antimicrobial agent , 40 an infusion pump housing or cover , has been swabbed and 
or an alkyl - amino containing compound to the attachment is momentarily clean . This technique is also effective in 
sites . binding antimicrobial agents to the surface . Examples 

Another embodiment is a polymeric cover or housing include chlorhexidine compounds and derivatives , such as 
The polymeric cover or housing includes a polymer in a chlorhexidine gluconate , and other antimicrobial agents 
form of a cover or a housing for a medical device , a plurality 45 bearing aminoalkyl groups . Examples also include chlo 
of attachment sites on an least an outer surface of the roxyphenol , triclosan , triclocarban , and their derivatives , 
polymer , optionally , a plurality of functional groups attached and quaternary ammonium compounds . Many other antimi 
to the attachment sites , and at least one of an antimicrobial crobial or oligodynamic substances may also be attached . 
compound and a solvatochromic dye , attached to the attach - These compounds are cidal to , or at least to inhibit the 
ment sites or to the functional groups , wherein the outer 50 growth of harmful bacteria or other microorganisms on the 
surface is configured to reversibly change from a first surfaces to which they are applied , which is beneficial to the 
appearance to a second appearance when the outer surface is patient . 
swabbed with a disinfecting solution . Materials known to have properties of resistance to such 

Another embodiment is a medical device . The medical microorganisms are described and disclosed in U . S . Pat . No . 
device includes a porous polymeric surface or cover for a 55 4 , 847 , 088 , U . S . Pat . No . 6 , 663 , 877 , and U . S . Pat . No . 
medical device , a plurality of attachment sites on the poly - 6 , 776 , 824 , all of which are hereby incorporated by reference 
meric surface , optionally , a plurality of functional groups in their entirety as though they were copied directly into this 
attached to the attachment sites , a solvatochromic dye , patent . For instance , quaternary ammonium compounds 
attached to the attachment sites or to the functional groups , ( frequently with organic or silicate side chains ) are well 
wherein the porous polymeric surface is configured to 60 known for such properties , as are boric acid and many 
reversibly change from a first appearance to a second carboxylic acids , such as citric acid , benzoic acid , and 
appearance when the porous polymeric surface is swabbed maleic acid . Pyridinium and phosphonium salts may also be 
with a disinfecting solution , and optionally an antimicrobial used . Besides organic compounds , certain non - organic 
compound , attached to the attachment sites or to the func - materials and compounds are also known for their resistance 
tional groups , wherein the antimicrobial compound is con - 65 to germs and organisms . Antimicrobial compounds are used 
figured to be cidal to , or to resist growth of , microorganisms in low concentrations , typically about from about 0 . 1 % to 
on the polymeric surface . 1 % when incorporated into the material itself , e . g . , a housing 
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of a luer access device or other vascular access device . able for attachment of such agents . These structural mate 
Antimicrobial compounds may also be used on many other rials , among others , are useful in making housings or 
medical devices , such as catheters , dialysis connects , such as containers for medical instruments , such as infusion pump 
those used in peritoneal dialysis , hemodialysis , or other housings , dialysis cassettes , housings for viewing screens or 
types of dialysis treatment . They may also be applied to drug 5 monitors , printer bodies , keyboards , keypads , and the like . 
vial spikes , prosthetic devices , stethoscopes , endoscopes and These structures are desirably not hospitable environments 
similar diagnostic and therapeutic devices , and to infusion for microbes , biofilms , or any other pathogens . Antimicro 
pumps and associated hardware and tubing . The use of bial treatments may more easily adhere to these surfaces 
antimicrobial compounds on these devices , among others , when treated as discussed below . 
can help to prevent infection and to lessen the effect of 10 Nylon Surfaces 
infection . In one example , a Whatman nylon - 6 , 6 membrane , pore 
Metals , especially heavy metals , and ionic compounds size 0 . 2 um , 47 mm , Whatman Cat . No . 7402 - 004 , was 

and salts of these metals , are known to be useful as antimi - obtained from Whatman Inc . , Florham Park , N . J . , USA . 
crobials even in very low concentrations or amounts . These Other membranes are also available from Whatman , includ 
substances are said to have an oligodynamic effect and are 15 ing other nylons or polyamides , polytetrafluoroethylene 
considered oligodynamic . The metals include silver , gold , ( PTFE or Teflon® ) , polyester , polycarbonate , cellulose and 
zinc , copper , cerium , gallium , platinum , palladium , rho polypropylene . The membranes were first washed thor 
dium , iridium , ruthenium , osmium , bismuth , and others . oughly , successively with dichloromethane , acetone , metha 
Other metals with lower atomic weights also have an nol and water . The membranes were then washed several 
inhibiting or cidal effect on microorganisms in very low 20 times with water to achieve a neutral pH . They were finally 
concentrations . These metals include aluminum , calcium , washed in methanol and dried under high vacuum . The 
sodium , lithium , magnesium , potassium , and manganese , membranes were then treated with 3M HC1 at 45° C . for four 
among others . For present purposes , all these metals are hours to yield specimen NM - 1 . Without being bound by any 
considered oligodynamic metals , and their compounds and particular theory , it is believed that this resulted in the 
ionic substances are oligodynamic substances . The metals 25 creation of a number of amino groups on the membrane 
and their compounds and ions , e . g . , zinc oxide , silver surface . The free amine concentration of the untreated nylon 
acetate , silver nitrate , silver chloride , silver iodide , and was calculated as 6 . 37x10 - 7 moles / cm² , while the free 
many others , may inhibit the growth of microorganisms , amine concentration after acid treatment was calculated as 
such as bacteria , viruses , or fungi , or they may have cidal 13 . 28x10 moles / cm2 . The concentration was calculated 
effects on microorganisms , such as bacteria , viruses , or 30 using the method of Lin et al . , described in Biotech Bioeng . , 
fungi , in higher concentrations , such as biofilms . Because vol . 83 ( 2 ) , 168 - 173 ( 2003 ) . Thus , the treatment appeared to 
many of these compounds and salts are soluble , they may double the concentration of free amine on the surface and 
easily be placed into a solution or a coating , which may then available for binding . 
be used to coat a medical device housing or cover , such as The NM - 1 membrane was then contacted with poly ( N 
for a luer access device or an infusion pump . Silver has long 35 succinimidyl acrylate ) ( PNSA ) dissolved in dimethylforma 
been known to be an effective antimicrobial metal , and is mide ( DMF ) by placing the membrane in a flask with the 
now available in nanoparticle sizes , from companies such as dissolved PNSA . It is expected that treatments with other 
Northern Nanotechnologies , Toronto , Ontario , Canada , and polymers containing aldehyde groups , such as polyacrylal 
Purest Collids , Inc . , Westampton , N . J . , U . S . A . Other oligo - dehyde or polyacrolein , would also be effective . Triethyl 
dynamic metals and compounds are also available from 40 amine was then added to the flask , which was rotary shaken 
these companies . while under a continuous argon purge for about 6 hours . The 

Other materials , such as sulfanilamide and cepha - treated nylon membrane was then thoroughly washed with 
losporins , are well - known for their resistance properties , DMF to produce N - succinimidyl carboxylate groups on the 
including chlorhexidine and its derivatives , ethanol , benzyl surface of the nylon , forming NM - 2 . The di?trifluoroacetate ) 
alcohol , lysostaphin , benzoic acid analogs , lysine enzyme 45 salt of 4 , 6 - dichloro - 2 - [ 2 - ( 6 - amino - hexyl - 4 - pyridinio ) - vinyl ] 
and metal salt , bacitracin , methicillin , cephalosporin , poly - phenolate was dissolved in DMF and was converted by 
myxin , cefachlor , Cefadroxil , cefamandole nafate , cefazolin , neutralization of the trifluoroacetate counter ions with tri 
cefime , cefinetazole , cefonioid , cefoperazone , ceforanide , ethylamine . The previously - treated membrane was added to 
cefotanme , cefotaxime , cefotetan , cefoxitin , cefpodoxime the reaction flask and was rotary - shaken overnight . The 
proxetil , cefiaxidime , ceftizomxime , cefirixzone , cefriaxone 50 resulting membrane , NM - 3 , with the salt of 4 , 6 - dichloro - 2 
moxolactam , cefuroxime , cephalexin , cephalosporin C , [ 2 - 6 - amino - hexyl - 4 - pyridinio ) - vinyl ] phenolate on its sur 
cephalosporin C sodium salt , cephalothin , cephalothin face , was then thoroughly washed with DMF . The surface of 
sodium salt , cephapirin , cephradine , cefuroximeaxetil , the membrane was a light purple when dry . The same surface 
dihvdracephaloghin , moxalactam , or loracarbef mafate . turned dark purple when swabbed with isopropyl alcohol , 
Microban , “ Additive B , ” 5 - chloro - 2 - ( 2 , 4 dichloro - phenoxy ) 55 and turned a salmon color when swabbed with a mixture of 
phenol is another such material . isopropyl alcohol containing about 30 % water . 
Functional Groups It is believed that the NM - 3 membrane had excess N - suc 

The following portion discusses a number of processes cinimidyl carboxylate on its surface . It is also believed that 
found to be effective in providing functional groups for the this excess would hydrolyze and protonate the dye at the 
attachment of the above - mentioned solvatochromic dyes 60 phenolate position , rendering the dye colorless . A number of 
and antimicrobial agents . Functional groups may include an NM - 3 membranes were treated with different amines to 
activated carboxyl group , an activated amine group , an stabilize the carboxyl groups and also to discover what 
aldehyde group , epoxy group or alkyl halide group . The colors or other properties would result from the use of 
desired dye or agent may then be directly attached , or an different amines . A series of membranes . NM - 4 to NM - 9 
intermediate group may be used attach the desired sub - 65 were treated with different amines , resulting in membranes 
stance . Certain polymers , such as nylon , polycarbonate , and with more stable surfaces but with only slightly different 
polyester , e . g . , polyethylene terephthalate ( PET ) , are adapt colors . The particular amine was dissolved in methanol , the 
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membrane was added to the reaction flask , and the flask was thoroughly with methanol to yield film PC - 2 . The dry film 
rotary shaken overnight . The resulting membrane was then had a moderately pinkish / purple color . When wetted with 
washed with acetone and dried under vacuum . Table 1 below 70 % IPA , it turned to a peach color . 
summarizes the different used amines and the resulting Other films treated in the same manner , but with a 
properties . These results suggest that a number of amino and 5 four - hour chlorosulfonic acid treatment , had no color 
ammonium compounds may be used to provide attachment change activity . It is believed that the chlorosulfonyl moiety 
sites , including primary amines , ammonium hydroxide , is a temporary transition product that converts to a more 
amine ( NH , - terminated compounds and polymers , mor - stable entity over time , and thus is not available for attach 
pholine , and an aromatic primary amine . ment of the dye . Other experiments included varying the 

The membranes had pores on the order of 0 . 2 um , resulted 10 time for dye attachment from 1 day to 5 days . The films 
in rapid color changes when swabbed , and returned to the treated for longer periods of time also had more intensely 
dry color within a minute or two . As noted , it is believed that colored surfaces . Due to the solubility of PC in other solvent , 
the NM - 3 membrane had an excess of N - succinimidyl only ethyl ether was used for this experiment . The color 
carboxylate groups on its surface . Therefore , an antimicro - change in the polycarbonate film , with very low porosity , 
bial agent , chlorhexidine , was applied . Chlorhexidine was 15 was much slower than the color change in membranes , 
dissolved in methanol , the membrane was added to the which have a high and regulated porosity . Treatment of 
reaction flask , and the flask was rotary shaken overnight . polycarbonate surfaces with methacrylic acid or acrylic acid 
The membrane was thoroughly washed with acetone and is expected to add carboxyl functional groups to the surface . 
dried under vacuum . It is believed that this membrane , Polyester Surfaces 
NM - 10 , now contained both antimicrobial agent and dye . 20 Polyester surfaces were also obtained and tested , e . g . , 
The membrane was tested . Its dry color was a moderate Millipore polyethylene - terephthalate ( PET ) membranes 
purple , turning to a dark purple in isopropyl alcohol ( IPA ) were obtained , Cat . No . T6PN1426 , from Millipore Corp . , 
and to a moderate orange / red in 70 % IPA . Billerica , Mass . , USA . These membranes were 47 mm in 

TABLE 1 

Amine Treatment of Nylon Membranes 

Nylon 
Membrane 
Number 

Amine 
dose , 
mmol . 

Color , 
IPA + 
30 % 
water Amine used 

reagent Soln 
soln , ml pH Color , dry 

Color , 
IPA 

NM - 4 2 - methoxyethylamine 15 7 . 50 ml 11 . 5 
DMF 

Very , wry 
light pink 

NM - 5 Hexylamine 15 7 . 50 ml 12 
DMF 

Very , very 
light 
brown / pink 
Very light 
pink 

NM - 6 Benzylamine 15 7 . 50 ml 11 . 5 
DMF 

Light Light 
brown / brown / 
pink pink 
Light Light 
brown brown / 
pink pink 
Light Light 
brown / brown / 
pink 
Dark Salmon 
purple 
Dark Salmon 
purple 
Moderate Moderate 

salmon 

pink 
NM - 7 Morpholine * 15 

NM - 8 Ammonium hyroxide excess 

7 . 50 ml 10 
DMF 
20 ml ND * * 

NH , OH 
10 ml 10 

toluene 

Moderate 
purple 
Moderate 
purple 
Light 
purple 

NM - 9 3 . 51 3 - aminopropyl 
terminated poly 
dimethylsiloxane 

purple 

* NM - 7 had an additional 0 . 1 ml triethylamine added , with a final pH of 11 - to 11 . 5 . 
* * The pH of the NM - 8 solution was not determined . 

Polycarbonate Surfaces diameter , 0 . 013 mm thick , with pores having a nominal 
A second series of plastic surfaces was also tested . DE1 - 50 diameter of 1 . 0 um . The membranes were cut into 3 cmx3 

1D Makrofol® polycarbonate films , 0 . 005 inch thick , clear - cm squares and added to a solution of water and acetone in 
gloss / gloss , were obtained from Bayer Polymers Division , a screw - cap bottle . 7 . 5 mmol of methacrylic acid , followed 
Bayer Films Americas , Berlin , Conn . , USA . The films were by 0 . 090 mmol of benzoyl peroxide in 2 ml acetone , were 
cut into 1 cm squares and were treated with 4 ml of a added to the solution . The bottle was rotary shaken at 85 C 
solution of 0 . 25 M chlorosulfonic acid in ethyl ether . The 55 for 4 hours . The resulting membrane was thoroughly washed 
square and the solution were placed in a screw - cap vial and several times with hot water , followed by acetone , and then 
cooled to about 5° C . and rotary shaken for 1 hour . The dried under vacuum to yield membrane PET - 1 . Without 
resulting chlorosulfonated film was thoroughly washed with being bound to any particular theory , it is believed that this 
ethyl ether to yield membrane PC - 1 . It is believed that the treatment results in the grafting of poly ( methacrylic acid ) to 
amino end groups on the 4 , 6 - dichloro - 2 - 2 - ( 6 - amino - hexyl - 60 benzene ring of PET . The membranes were tested , and 
4 - pyridinio ) - vinyl ] phenolate dye would react with the chlo treatment by methacrylic acid resulted in weight gains of 
rosulfonyl groups which had been attached to the polycar - 50 - 53 percent . It is also believed that the subsequent treat 
bonate surface . A solution of the dye was prepared by ment with benzoyl peroxide results in attachment of poly 
dissolving 10 mmol in ethanol and treating with 0 . 22 mmol ( methacrylic acid ) to the polyester or PET surface . At least 
triethylamine . The resulting dye solution had a pH of 9 . 7 . 65 some of the attachments may be of a polymeric rather than 
The PC - 1 film was then added to a rotary flask containing monomeric nature , i . e . , the attachments may be at least short 
the dye and was rotary shaken overnight and then washed chains with multiple carboxyl terminations . The terminal 
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amine groups of a solvato - chromic dye , 4 , 6 - dichloro - 2 - [ 2 - Solvatochromic Dyes Useful as Antiseptic Indicators 
( 6 - amino - hexyl - 4 - pyridinio ) vinyl ] - phenolate dye , or of an The synthesis of a solvatochromic dye that has been found 
antimicrobial agent , can then attach to the carboxyl groups , useful as an antiseptic indicator was previously disclosed in 
as amide linkages . U . S . patent application Ser . No . 11 / 780 , 876 , to which this 

A solution of the was prepared as follows for the PET 5 patent claims priority and which is incorporated by reference 
membranes . 0 . 25 mmol of the di?trifluoroacetate ) salt was in its entirety . The synthesis was carried out in a number of 
dissolved in 10 ml of DMF , to which was added 0 . 51 mmol steps , resulting in compound 1 below : 
of triethylamine . 0 . 30 mmol of EEDO ( 2 - ethoxy - 1 - ethoxy 
carbonyl - 1 , 2 dihydroquinoline ) coupling agent was added . Compound 1 
The PET - 1 membrane was added to this reaction solution 10 
and was rotary shaken overnight . The resulting membrane c1 was thoroughly washed with methanol . This membrane had 
a light orange / red color . It is believed that the residual 
carboxyl groups may protonate the phenolate moiety of the 15 
dye , rendering it colorless . Therefore , the membrane was 
surface - treated with a 5 % sodium bicarbonate solution to 
convert any remaining carboxyl groups to the sodium salt . 
The membrane was then washed with water , followed by Without being bound to any particular theory , the sol 
methanol , and dried under vacuum to yield the PET - 2 20 vatochromic activity is believed to be due at least in part , to 

the portion of the molecule between the phenolate ring and membrane . The dry film was orange / red . When wetted with the pyridine ring . Accordingly , it has been found that sub 70 % IPA , the membrane became a light salmon color , and 
changed to a salmon color when tested with IPA alone . In stitution of a hydrogen atom for the acrylamido group does 

not adversely affect the solvatochromic activity of the dye . further experiments , it was found that increasing the treat The structure of the this molecule , 4 , 6 - dichloro - 2 - [ 2 - 16 ment time of the membrane by the dye solution caused a 25 aminohexyl - 4 - pyridinio ) vinyl ] phenolate compound 2 , is more intense coloration of the membrane . shown below , after neutralization and removal of the trif In addition to the treatments discussed above for specific luoroacetate counterions . In one sense , compound 2 below is structural plastics , other treatments may be used . For compound 1 with a hydrogen substituting for the acryl example , polycarbonate materials may be cleaned on their 
surface and then treated with polyethyleneimine or polyal - 30 80 
lylimine to prepare the surface by forming what is believed 
to be a polycarbonate / polyethyleneimine conjugate or link Compound 2 ing group or a polycarbonate / polyallylimine conjugate or 
linking group . The material is then treated with an appro 
priate antimicrobial compound , a solvatochromic dye , or 35 
both . 

The results of these tests demonstrate that several sub 
strates are suitable for the attachment of solvatochromic 
dyes or antimicrobial agents or compounds , or may be 
treated so that the dyes or antimicrobials easily attach . In 40 
addition to the particular materials tested , urethane mem 
branes and foams may be used , perhaps without any treat Compound 2 is more easily handled as a salt , which may 
ment because of the NHCOO — functional groups inher - be the HC1 , HBr , HF , phosphate , sulfate , or other salt , so 
ent in urethanes . These results demonstrate that discrete , long as the species is not carboxylated , as described in the 
small rings or membranes , such as those cut from a sheet , 45 referenced document . 
may be used . Other polymeric surfaces useful in embodi - Other substitutes as shown below on compound 3 , R1 , on 
ments include thin films , cast films , molded or shaped parts , the amine group nitrogen atom include at least the halogens , 
or even thin coatings intended for placement on another chloride , bromide , fluoride , iodide , and alkyl mercapto . 
object , for example , a medical device housing or cover , such Alkyl mercapto groups , such as ethyl mercapto , and non 
as a luer access device , an infusion pump , or a catheter . 50 bending aromatic bridge groups , such as aromatic mercap 

Acrylic membranes or coatings may be used , at least for tan , are also suitable . It is also possible that at least short 
Reichardt ' s dye , without treatment . The presence of poly chain alkoxy derivatives , such as C3 through C6 , especially 
ester - like RCOO - groups in acrylic polymers renders them C3 and C6 , are suitable . A hexyl group between the amine 
suitable from the start for attachment of amine - containing group and the pyridine ring worked well . Other short chain 
dyes or antimicrobials , as well as other dyes . Urethane 55 aliphatic molecules may also be used in these solvatochro 
membranes or foams may be used as is , or they may be mic dyes , such as isohexyl , pentyl , isopentyl , butyl , isobutyl , 
treated to make them even more suitable for dye or antimi - and decyl and many others , up to C20 , i . e . , C4 to C20 
crobial attachment . Polyimides may suitable if they are aliphatic . 
flame - or plasma treated , or if foamed polyimides are used . It is also believed that aliphatic species are required . Other 
Melamines , maleic anhydride derivatives , blends and co - 60 molecules that will perform well as a solvatochromic dye 
polymers may also be useful , as may blends , co - polymers include substitution of ethene group between the pyridine 
and composites of any of these materials . Silicones are less ring and the benzene ring by conjugated double bonds of 
amenable to treatment , however , foamed silicones may be butadiene , — C — C — C — C — or hexatriene , C = C — 
used . For example , treating silicone with 5 - 10 M NaOH for C — C — C — C — . Other embodiments may include substitu 
several hours forms Si - OH ( silanol ) groups , which can 65 tions on the benzene ring , as shown below in structure 3 . 
then be used to form carboxyl or other functional group Either or both of the chlorides at R4 , R6 , may be replaced 
attachment sites . by iodide , bromide , or fluoride . The group in the 7 - po 

HN 
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sition could instead be placed in the 5 - position between the techniques are described in the above - mentioned related 
chlorides . It is possible that nitrate , - NO , , alkoxy , such as patent applications , all of which were previously incorpo 
methoxy , ethoxy , may also yield a solvatochromic dye . Note rated by reference . 
that a number of substations on the benzene ring are readily It is also possible to incorporate the dye or the antimi 
available . For example , several salicylaldehyde compounds 5 crobial compound into onto a cover or housing for the 
with halogen atoms in the 3 , 5 positions are readily available device . For example , FIG . 3 depicts an infusion pump 30 , as 
from manufactures , such as Sigma - Aldrich , St . Louis , Mo . , described in U . S . Pat . No . 7 , 018 , 361 , which is assigned to 
USA . When the salicylaldehyde molecule reacts with its the assignee of the present patent , and which is hereby 
aldehyde functionality to the pyridine ring on structure 5 , the incorporated by reference in its entirety . Infusion pump 30 
3 , 5 positions on the salicylaldehyde molecule become the 4 , 10 includes a housing 32 , a control panel 34 with a small 

keypad ( note arrows ) , an output screen 36 and a handle 40 . 6 positions on the phenol / phenolate product formed . Of Depicted in FIG . 3 is a thin , transparent outer cover 38 over course , R1 may be amine or acrylamido , R2 is C4 to C20 substantially the control panel 34 and screen 36 . Also aliphatic , R3 is ethene , butadiene , or hexatriene , R4 and R6 depicted is a second transparent cover 42 which covers a 
are as discussed above , and R5 may be one of hydrogen and 15 broader area of the surface of infusion pump 30 . Cover 42 
O and R7 may be the other of hydrogen and O . also covers control input knobs 44 and switches 46 . Cover 

42 covers the left and right sides 42a , 42b , of the pump top 
surface and a narrow connecting portion 42c . A separate film Compound 3 or cover may be used for rotary switch 48 . 

R7R4 20 Note that in this application , one or more users will 
H naturally tend to touch , and possibly contaminate the outer 

features or surfaces with which they will be in contact , such 
Ri - N - R - N . as the handle 40 , control panel 34 , knobs 44 , switches 46 , 

and rotary switch 48 , as well as the housing 32 itself , for 
25 example , when moving or positioning the infusion pump . 

These features are the ones which should thus be covered 
with an antimicrobial plastic or elastomeric film . Alterna 

It is possible to incorporate the dye into a coating , tively , these features themselves should be made from a 
preferably a permeable coating , which may be applied to polymer material with an antimicrobial treatment or coating . 
luer access device ( LAD ) housings or other medical device 30 Since the infusion pump may have more than one opera 
housing or cover . LAD housings are typically made from tor , nurse , or patient in contact with housing 30 , control 
polycarbonate ( PC ) , but they may also be made from elas panel / keypad 34 , or screen 36 , cover 38 is thin and is easily 

removed and replaced . Cover 42 is also thin and easily tomers and other plastics , such as acrylic ( e . g . , PMMA ) , replaced . A removable , antimicrobial cover will remove one acrylonitrile butadiene styrene ( ABS ) , methyl acrylonitrile 35 cause of infection among patients , or at least one cause of butadiene styrene ( MABS ) , polypropylene ( PP ) , cyclic transfer of germs or other microbes . As described below , the olefin copolymer ( COC ) , polyurethane ( PU ) , polyvinyl polymeric housing , its surface , or the removable cover may 
chloride ( PVC ) , nylon , and polyester including polyethylene be made from a plastic or an elastomeric material . The 
terephthalate ) ( PET ) . There are many coatings that will housing , its surface or the cover may incorporate a surface 
firmly adhere to the above mentioned plastics , including 40 coating of the antimicrobial compound , as described below . 
epoxies , polyesters , and acrylics . An example of a medical The device may be prepared , as also described below , to 
device , a vascular access device , is seen in FIG . 1 . Luer immobilize an antimicrobial agent on the surface . This keeps 
access device 10 includes a housing 12 , male luer connector the antimicrobial compounds on the surface where they are 
threads 14 , a rim 16 , and a septum 18 . Rim 16 is porous and most likely to encounter microbes , rather than within the 
includes a swab - access dye , shown as a dotted surface 16a . 45 body of the polymer . 
Rim 16 and rim surface 16a have been treated so that The cover 42 is made from an inexpensive , transparent 
antimicrobial compounds and dyes will attach to the outer polymer that naturally clings to the surface of the pump . 
surface 16a . Such polymers include thin films of polyethylene , polypro 

FIG . 2 depicts a medical device 20 with housing 22 and pylene , and PVC . Also useful in such applications , but 
a porous surface layer 24 . The pores are shown as narrow 50 opaque , are elastomers , such as silicone , polyurethane , and 
channels 25 in the surface layer 24 . The porous surface layer nitrile . The polymers need not be sterilizable because they 
may include effective amounts of the dye 26 , about 0 . 1 to are disposed after a set period of time , such as after a shift 
about 1 . 0 % by weight , and may also include small amounts at a hospital or other care center . Alternatively , they may also 
of antimicrobial or oligodynamic compounds 28 . There are be changed after an interval , such as after every user . As 
many ways to make compounds porous , e . g . , by purchasing 55 discussed above , the housing 32 is made from a structural 
membranes with known pore size and density , by applying and medically acceptable plastic that is suitable for the 
solvents in the well - known TIPS ( thermal inversion phase application . These structural materials include nylon , poly 
separation ) process , or by inducing surface crazing or crack carbonate , PET , and many other materials that can accept an 
ing into the surface . Polycarbonate membranes with tailored anti - microbial treatment or coating . 
pore sizes may be purchased from Osmonics Corp . , Min - 60 Other embodiments are described in related application , 
netonka , Minn . , U . S . A . , and polyethylene membranes may MEDICAL FLUID ACCESS DEVICE WITH ANTISEP 
be purchased from DSM Solutech , Eindhoven , the Nether - TIC INDICATOR , U . S . patent application Ser . No . 11 / 780 , 
lands . Pore sizes may vary from 1 um down , preferably 0 . 2 917 , which is assigned to the assignee of the present patent , 
um down . This small pore size , and smaller , is sufficient to the entire contents of which are hereby incorporated by 
allow permeability to antimicrobial swabbing solutions , but 65 reference . Surface 16a is porous or permeable and the 
large enough to prevent access by many microorganisms , polymer from which the surface is made preferably has an 
which tend to be larger than 0 . 2 um diameter . Many of these index of refraction from about 1 . 25 to about 1 . 6 . The 
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permeable surface is typically opaque and may incorporate is 5 - cyano - 2 , 3 - ditolyl tetrazoloium . Examples of these 
a small amount of dye . The amount of the dye , such as from structures are depicted below as , respectively , Structures 5 , 
about 0 . 1 % to about 1 % , is effective in adding a color to the 6 , and 7 , where n20 and X = C1 — , Br — , . As will be 
surface , or rendering the surface a translucent with a tint or readily apparent to those with skill in the art , structure 5 and 
hint of color . 5 its derivatives are commonly known as the dye red Forma 

The surface is porous , so that a disinfecting or antiseptic zan . Structure 6 and its derivatives are known as deep blue 
swabbing solution , such as IPA or a 70 % IPA / 30 % water Formazan , and structure 7 and its derivative as red fluores 
solution , will permeate the surface . The disinfecting solution cent Formazan . The Formazans are inherently antimicrobial , 
may also contain an antimicrobial compound , such as chlo at least when water - insoluble Formazans crystallize and 
rhexidine . If the index of refraction of the swabbing solu - 10 accumulate inside bacteria or in a biomass such as a biofilm . 
tion , about 1 . 34 , matches or is close to the index of refraction It is believed that Formazans are cidal to microorganisms 
of the polymer from which the porous surface is made , the because they induce cellular - organelle crystallization - in 
surface will become transparent , if there is no dye . If a dye duced death ( COCID ) . 
is present , the surface will change color as the dye changes 15 
state from a first pH to a second , different pH , the pH of the 
swabbing solution . Solutions or swabbing compounds other Compound 5 and derivatives : 
than IPA and water may be used , although theses are the 
most common . For example , ethanol has a refractive index 
of 1 . 36 . Additions to the swabbing solution , such as chlo - 20 
rhexidine , will also vary the refractive index , thus allowing 
users to tailor the swabbing solution to insure a visually 
distinct appearance change , whether from opaque to trans 
parent or from one color to another . 
Tetrazolium Salts 

In addition to these antimicrobial compounds , tetrazolium 
compounds and their derivatives , such as their salts , may be 
used , especially on the surfaces of medical devices , and on 
their housings and covers . These compounds are initially 
colorless , but in contact with viable bacteria they enter into 30 
the bacteria and are converted by an enzyme ( Dehydroge 
nase ) to colored Formazan . The color change is used for 
microbial detection . Depending on the structure of the 
substituent on tetrazolium ring , Formazan can be red , blue , 
purple , brown or fluorescent . These compounds often have , 35 
or can be modified to include , a functional group suitable for 
binding to a polymeric surface , such as a carboxyl group , 
- COOH , or an amino group , - NH2 . In one embodiment , 
tetrazolium salts have the general structure shown below , 
compound 4 , wherein R2 , Rz and R , independently represent 40 
substituted phenyl group , 4 , 5 - dimethylthiazolyl group or H2N 
cyano group . 

0x 

z - Z 

NA 
25 NH2 

N 

HN - 000? Z - ZO OX 

Compound 6 and derivatives 
Compound 4 45 

- SO3 M 
50 Z - ZO OX 

NH2 
55 

- zoox 

The tetrazolium salt can be modified to bear a long chain 
or tether terminated with an active function group , such as 60 
the above - mentioned amino or carboxyl group , so that the 
structure is used to immobilize the compound to a medical 
device surface as described above for nylon , polycarbonate , 
or polyester ( PET ) surfaces . For example , a tetrazolium salt 
can be reacted to form TTC , MTT , or CTC derivates . TTC 65 
is 2 , 3 , 5 - triphenyl - tetrazoliumchloride . MTT is 3 - ( 4 , 5 - dim 
ethylthiazol - 2 - yl ) - 2 , 5 - diphenyl - tetrazolium bromide . CTC 

H2N 
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4 , 6 - dichloro - 2 - [ 2 - ( 6 - amino - hexyl - 4 - pyridinio ) vinyl ] pheno 
late , are only a few of many examples of useful solvato 
chromic dyes that may be used in these applications . There 
are many other solvatochromic dyes that could be used . As 
noted above , the principal requirements are the ability to 
reversibly change color when swabbed , e . g . , with IPA . 
Without being bound to any particular theory , it is believed 
that the conjugation between the pyridine ring and the 
benzene ring , with the intermediary double bond , whether 

10 one , two , or three , that accounts for the solvatochromic 
activity in the new structures . Since these structural features 
are present in merocyanine dyes , it is believed that a number 
of these dyes would also be effective as indicators for 
swabbing , whether incorporated into a coating , as the acryl 

15 ics described above , or used as part of a surface treatment . 
Of course , merocyanine dyes typically have a phenoxide 
ring , rather than a substituted benzene ring . The phenoxide 
ring functions as the aromatic donor and the pyridine or 
pyridinium ring functions as the acceptor . Of course , in the 

20 new structures , the benzene ring is the donor and the 
pyridine ring is the acceptor . Thus , it is believed that 
merocyanine dyes , compound 8 below , with conjugated 
pyridinium - phenoxide rings ( having resonance with a pyri 
dine - benzene structure ) 

25 

Z - ZO OX 
NC 

NH2 

NC Z 

Compound 8 

LNH R - N 
30 30 

2 y 

These structures are achieved according to the synthetic 
scheme below . 

Rs Rs . - ZZ \ + H2N - NH 
H RS ( b ) 

are also suitable , where n is an integer , including 0 , and R 
35 is an alkyl or aryl group . Examples include 1 - methyl - 4 - ( 4 ' 

hydroxybutyl ) pyridinium betaine and Brooker ' s merocya 
nine dye , 4 ' - hydroxy - 1 - methylstilbaxolium betaine . 

Other solvatochromic dyes may also be used , such as an 
abundance of previously - known dyes , and for which the 

40 small change from their normal environment to a slightly 
acidic environment , such as the 6 - 7 pH range of IPA , will 
produce a color change . The table below lists a number of 
these dyes and their colors before and after . Note that the 
" before ” environment of the coating or LAD housing mate 

45 rial may be altered , such as by making it basic , by simple 
adjustments during the formation of the coating , the method 
of treating the surface , or the species used for attaching the 
dye . A few examples of solvatochromic dyes are presented 
in Table 2 below . 

NEN - R3 

Z - ZOO 
Rg H 50 

Rs Oxidation 
N - N TABLE 2 

N ` R ; 

55 Dye pH 

blue 
red 

7 . 2 

Solvatochromic Dyes 
Tetrazolium Salt Formazan First Second 

state state , 
pH Color Color 

The Formazan are prepared by the condensation of appro 
diazolium chloride ( d ) with phenylhydrazone ( c ) 6 . 8 priate diazolium blue Bromocresal purple 3 . 2 chloride ( d ) with phenylhydrazone ( c ) yellow 

Bromothymol blue 6 . 0 which is obtained by condensation of aldehyde ( a ) and yellow 
Phenol red yellow 8 . 2 hydrazine ( b ) . Oxidation of Formazan produces tetrazolium Cresol red red Red / purple 

salt . Aryl aldehyde ( a ) , arylhydrazine ( b ) and diazolium salt 60 Methyl red 4 . 2 pink yellow 
( d ) are commercially available . The X ( chloride , bromide or Reichard ' s Dye Unk green 6 - 7 dark blue 

iodide ) salt of tetrazolium salt is water soluble / solvent Morin hydrate red 8 . 1 yellow 
5 . 0 Disperse orange 25 yellow 6 . 8 soluble and can be attached to the polymeric housing or pink 

Nile red Unk Blue / purple 6 - 7 bright pink cover through amide linkage using amino alkyl tether . 
Solvatochromic Dyes 65 

The dyes described above , Reichardt ' s dye , 4 , 6 - dichloro - These and many other solvatochromic and merocyanine 
2 - [ 2 - ( 6 - acrylamido - hexyl - 4 - pyridinio ) vinyl ] phenolate , and dyes many be used in applications according to this appli 

8 . 8 

6 . 8 
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cation . Other solvatochromic dyes include , but are not of a merocyanine dye that has a ground state more polar than 
limited to , pyrene , 4 - dicyanmethylene - 2 - methyl - 6 - ( p - dim the excited state is set forth above as compounds 8 and 9 . 
ethyl - aminostyryl ) - 4H - pyran ; 6 - propionyl - 2 - ( dimethyl The charge - separated left hand canonical 8 is a major 
amino ) naphthalene ; 9 - ( diethyl - amino ) - 5H - benzo [ a ] phe - contributor to the ground state , whereas the right hand cor 
noxazin - 5 - one ; phenol blue ; stilbazolium dyes ; coumarin 5 e 5 canonical 9 is a major contributor to the first excited state . 

Still other examples of suitable merocyanine dyes are set dyes ; ketocyanine dyes , Reichardt ' s dyes ; thymol blue , forth below in the following structures 10 - 20 , wherein , “ R ” congo red , methyl orange , bromocresol green , methyl red , is a group , such as methyl , alkyl , aryl , phenyl , etc . See bromocresol purple , bromothymol blue , cresol red , phenol Structures 10 - 20 below . phthalein , seminaphthofluorescein ( SNAFL ) dyes , semi 
naphtharhodafluor ( SNARF ) dyes , 8 - hydroxypyrene - 1 , 3 , 6 - 1 
trisulfonic acid , fluorescein and its derivatives , oregon Structure 10 
green , and a variety of dyes mostly used as laser dyes 
including rhodamine dyes , styryl dyes , cyanine dyes , and a 
large variety of other dyes . Still other solvatochromic dyes 16 
may include indigo , 4 - dicyanmethylene - 2 - methyl - 6 - ( p - dim 
ethylaminostyryl ) - 4H - pyran ( DCM ) ; 6 - propionyl - 2 - ( dim 
ethylamino ) naphthalene ( PRODAN ) ; 9 - ( diethylamino ) - 5H Structure 11 

benzo [ a ] phenox - azin - 5 - one ( Nile Red ) ; 4 - ( dicyanovinyl ) 
julolidine ( DCVJ ) ; phenol blue ; stilbazolium dyes ; 20 
coumarin dyes ; ketocyanine dyes ; N , N - dimethyl - 4 - nitroani 
line ( NDMNA ) and N - methyl - 2 - nitroaniline ( NM2NA ) ; 
Nile blue ; 1 - anilinonaphthalene - 8 - sulfonic acid ( 1 , 8 - ANS ) , 
and dapoxylbutylsulfonamide ( DBS ) and other dapoxyl ana 
logs . Other suitable dyes that may be used in the present 25 
disclosure include , but are not limited to , 4 - [ 2 - N - substituted Structure 12 

( 1 , 4 - hydropyridin - 4 - ylidine ) ethylidene ] cyclohexa - 2 , 5 - di 
en - 1 - one , red pyrazolone dyes , azomethine dyes , indoaniline 
dyes , and mixtures thereof . 

Other merocyanine dyes include , but are not limited to , 30 
Merocyanine dyes ( e . g . , mono - , di - , and tri - merocyanines ) 
are one example of a type of solvatochromic dye that may 
be employed in the present disclosure . Merocyanine dyes , 
such as merocyanine 540 , fall within the donor — simple 
acceptor chromogen classification of Griffiths as discussed 35 
in “ Colour and Constitution of Organic Molecules ” Aca 
demic Press , London ( 1976 ) . More specifically , merocya 
nine dyes have a basic nucleus and acidic nucleus separated 
by a conjugated chain having an even number of methine 
carbons . Such dyes possess a carbonyl group that acts as an 40 
electron acceptor moiety . The electron acceptor is conju 
gated to an electron donating group , such as a hydroxyl or 

Structure 14 amino group . The merocyanine dyes may be cyclic or 
acyclic ( e . g . , vinyl - alogous amides of cyclic merocyanine 
dyes ) . For example , cyclic merocyanine dyes generally have 45 
the following structure of compound 9 , in association with 
compound 8 above : 

z - a 

Structure 13 

- 

Et 

Et 

Structure 15 Compound 9 50 

R - N 

55 

Structure 16 

where n is an integer , including 0 , and R is an alkyl or aryl 
group . As indicated above by the general structures of 
compounds 8 and 9 , merocyanine dyes typically have a 
charge separated “ zwitterionic " ) resonance form . Zwitteri - 60 
onic dyes are those that contain both positive and negative 
charges and are net neutral , but highly charged . Without 
intending to be limited by theory , it is believed that the 
zwitterionic form contributes significantly to the ground 
state of the dye . The color produced by such dyes thus 65 
depends on the molecular polarity difference between the 
ground and excited state of the dye . One particular example 

Ns 
Et 
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- continued The treatment above of the PET surfaces is believed to result 
Structure 17 in attachment of carboxyl groups to the surface , making the 

also suitable for attachment of aminoalkyl groups . 
Thus , polymeric surfaces as described above may also be 

5 used for attachment of peptides , proteins , Factor VIII or 
other anti - clotting Factors , polysaccharides , polymyxins , 
hyaluronic acid , heparin , chitosan , condroitin sulfate , and 
derivatives of each of these . 

Structure 18 It should be understood that various changes and modi 
10 fications to the presently preferred embodiments described 

herein will be apparent to those skilled in the art . Such 
R - N changes and modifications can be made without departing 

from the spirit and scope of the present subject matter and 
without diminishing its intended advantages . It is therefore 

5 intended that such changes and modifications be covered by 
Structure 19 the appended claims . 

What is claimed is : 
1 . A method of treating a medical device , the method 

R - NT comprising : 
20 providing a plurality of functional groups on a surface or 

porous surface of a polymeric cover or a polymeric 
housing for a medical device ; Structure 20 

reacting the functional groups with a linking agent to form 
attachment sites , the linking agent comprising poly 
mers with an aldehyde functional group ; and 

attaching a solvatochromic dye to the aldehyde functional 
groups . 

2 . The method of claim 1 , wherein the polymeric cover or 
In addition to dyes and antimicrobial compounds , the housing has an index of refraction from about 1 . 25 to about 

preparations discussed herein may be used to attach to 30 1 . 6 . 
desired surfaces other compounds or substances containing 3 . The method of claim 1 , further comprising treating the 
amino alkyl groups . Examples of these types of compounds S surface or porous surface to induce amine functional groups . 

4 . The method of claim 1 , wherein the solvatochromatic include polyethylene glycol ) ( PEG ) - containing amino alkyl 
groups , peptides including antimicrobial peptides , proteins , dye is selected from the group consisting of 4 , 6 - dichloro 
Factor VIII , polysaccharides such as heparin , chitosan , 35 35 2 - [ 2 - ( 6 - aminohexyl - 4 - pyridinio ) - vinyl ] phenolate and 
hyaluronic acid derivatives containing amino alkyl groups , derivatives , Reichardt ' s dye , its salts and derivatives , mero 
and condroitin sulfate derivates containing amino alkyl cyanine dyes and their derivatives , and tetrazolium com 
groups . One example of a protein is albumin , and an pounds and their derivatives . P 
example of a peptide is polymyxin . The one thing these 5 . The method of claim 1 , further comprising stabilizing 
compounds have in common is an amino alkyl group , such 40 h 40 the surface or porous surface by converting unreacted car 
as the amino alkyl group discussed above in the dye , boxyl attachment sites to a salt . 

6 . The method of claim 1 , wherein the surface or porous 4 , 6 - dichloro - 2 - [ 2 - ( 6 - aminohexyl - 4 - pyridinio ) vinyl ] pheno 
late . surface comprises a membrane or a coating for attachment 

Per the discussion above for surface preparation , the same me to the medical device . 
preparation used to attach dyes and antimicrobial com - 45 45 7 . The method of claim 1 , wherein the surface or porous 
pounds containing alkyl amino groups will be suitable for surface is selected from the group consisting of nylon , 
these additional compounds . The amino alkyl groups will polycarbonate , and polyester and wherein treating the nylon 

surface with a strong acid results in amino functional groups , bind to the N - succinimidyl carboxylate groups . One tech 
nique for treating these groups is to clean the surface , treating the polycarbonate surface with chlorosulfonic acid 
followed by treatment with acid at elevated temperature , and 50 results in sulfonyl chloride functional groups , and treating 
then contacting the surface with poly ( N - succinimidyl ) acry the polyester surface or polycarbonate surface with an 
late ( PNSA ) . It is believed that this induces carboxylate acrylic or methacrylic acid results in carboxyl functional 
groups on the nylon surface , suitable for binding to amino groups . 
alkyl groups . Other methods are also described . For poly 8 . The method of claim 1 , wherein the surface or porous 
carbonate surfaces , treating with chlorosulfonic acid fol - 55 surface is treated with a strong acid to provide the plurality 
lowed by washing is believed to induce chlorosulfonyl of functional groups . 
groups . These are suitable for binding by aminoalkyl groups . 


