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Abstract

Prototype contact lens cases have been prepared which are coated with an Oligon antimicrobial silicone
formulation. The Oligon silicone coating incorporates a conductive additive, silver and platinum powder to
set up an electrochemical system, that when contacted by chloride ions found in physiological saline,
releases silver ions into the surrounding aqueous medium. Silver ions have been reported in the literature
to be a potent antimicrobial agent, showing effectiveness against both gram-positive and gram-negative
bacteria as well as yeasts and molds. This study was designed to study the effectiveness of Oligon
coated contact lens cases against FDA (Food and Drug Administration) approved Stand Alone protocol
for disinfecting contact lenses for the following organisms: Psuedomonas aeruginosa, Serratia
marcenscens, Staphylococcus aureus, Candida albicans, and Fusarium solani. The results of the study
conclude that the Oligon cases do not meet the 8 hour FDA stand alone criteria for any of the organisms
tested, but with modification, may be an exciting new frontier for the future of contact lens disinfection.
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Abstract:

Prototype contact lens cases have been prepared which are coated with an
Oligon antimicrobial silicone formulation. The Oligon silicone coating
incorporates a conductive additive, silver and platinum powder to set up an
electrochemical system, that when contacted by chloride ions found in
physiological saline, releases silver ions into the surrounding aqueous
medium. Silver ions have been reported in the literature to be a potent
antimicrobial agent, showing effectiveness against both gram-positive and
gram-negative bacteria as well as yeasts and molds. This study was
designed to study the effectiveness of Oligon coated contact lens cases
against FDA (Food and Drug Administration) approved Stand Alone
protocol for disinfecting contact lenses for the following organisms:
Psuedomonas aeruginosa, Serratia marcenscens, Staphylococcus aureus,
Candida albicans, and Fusarium solani. The results of the study conclude
that the Oligon cases do not meet the 8 hour FDA stand alone criteria for
any of the organisms tested, but with modification, may be an exciting new
frontier for the future of contact lens disinfection.



Introduction:

The traditional contact lens care regimen, although functional, has
problems with compliance, hypersensitivy reactions to preservatives in
solutions, and the effectiveness of microbial reduction. These problems
have resulted in infections of the eye. Thus, there is a need for a
disinfection method that is easy to use, preservative free, and successful in
reducing different kinds of organisms on both contact lenses and cases.
Preliminary studies have been done on a prototype contact lens case and
have suggested that this type of disinfection method can kill contaminating
microorganisms and would be easy to use.

The prototype contact lens cases, developed by Oligon, have a silicone
coating on the well surface that has platinum and silver ions impregnated in
it. Upon contact with physiological saline, the silver ions are released into
the aqueous medium by an electrochemical current initiated by the chloride
ions in the saline. This process is known as oligodynamic iontophoresis.
Free silver ions have been used through the ages and have been shown in
the literature to be a powerful antimicrobial agent. Silver was first used in
ancient Roman times as the lining for aqueducts, and is currently utilized as
an antimicrobial agent in catheters. A number of patents are filed which are
attempting to expand the medical uses of this technology, including
implantable, bacteriocidal medical devices.

Preliminary studies have shown promise in the use of Oligon technology in
contact lens care. The purpose of our study was to determine the
effectiveness of the Oligon coated prototype cases using the FDA Stand
Alone Protocol for contact lens disinfection. To meet the Stand Alone
criteria, no other methods may be used to alter the lenses, including digital
or mechanical rubbing, and there must be a kill rate of not less than 3 log
units for the bacteria, and not less than 1 log unit for yeasts and molds, in
an 8 hour time frame. The FDA dictates that the care system must be
effective against the following organisms: Pseudomonas, Staphylococcus,
Fusarium, Candida, and Serratia. (See Appendix for complete FDA Stand-
Alone Procedures)

Methods:



To test the Oligon disinfection lens cases, Implimed provided 10 coated
Alcon standard lens cases (there are 2 contact lens wells per case.) In
addition we acquired 10 other Alcon standard cases, brand new and with
out modifications. Each contact lens well was treated as an individual test,
with 8 wells (4 cases) for each organism, 2 coated cases and 2 non-coated
controls.

Each well was inoculated with a microorganism and a 100 ul initial sample
was taken. In order to gain countable plates 4, 1:10 dilutions were
performed and individually plated on the appropriate agar. (See Appendix
Media) This constituted time 0 (zero.) To adhere to a strict timing regimen,
another well was inoculated at exactly 5 minutes after the first well, also
indicating time 0 (zero) for that well. (See Appendix Timing.) The 5 minute
delay was necessary to perform the dilutions and plating, and obtain the
materials needed for the next test. At times 2, 4, 6, 8, and 32 hours, 100 ul
samples were taken from the wells, and again, 4, 1:10 dilutions were
performed and plated for each sample. Given the large quantity of agar
plates, test tubes, pipettes, and space needed, we divided our experiment
into 2 days. Staphylococcus and Pseudomonas were tested on the first
day, Serratia, Candida and Fusarium, on the second. Plate counts were
obtained for the bacterial plates at 48 hours and 72 hours for the yeasts and
molds.

The following procedures will be discussed in detail: (A) preparation of
media, (B) preparation of inocula, (C) inoculation of contact lens wells, (D)
serial dilutions and plating, and (E) plate counts.

A. Preparation of Media- Agar plates (TSA, PDA, SDA) were
prepared 2 days prior to the experiment and were made to incorporate a
Diffco neutralizing buffer. The procedure is as follows:

(a) Mix TSA, PDA, and SDA medium to include the Diffco
neutralizing buffer at 5.2 gm/L.

(b) Enough media is required for 200 plates per organism (8
wells, 4 control wells and 4 test wells, X 6 sample times, X 4
dilutions per sample = 192 plates.)

(¢) Media preparations are placed in 1000 ml Erlenmeyer
flasks for ease in pouring, and autoclaved at pressure and
temperature for 30 minutes.




(d) From the autoclave, the flasks are transferred to a
controlled temperature water bath and allowed to equalize at
temperature, 46-47 C, for 1 hour prior to pouring.

(e) Completed plates are marked and coded with a marking
pen denoting organism, control or test group, well number and
time, and refrigerated until 2 hours prior to use.

As a time saving procedure, test tubes containing sterile saline may also be
made and pipetted prior to running the experiment. For samples taken every
5 minutes, 4 test tubes of sterile saline are required. The first dilution
requires 100 ul of inocula to be added to 9.9 ml of sterile saline. Then, 3
dilutions are performed, adding 1 ml of inocula to 9 ml of sterile saline.
Thus, to perform the whole experiment (8 test wells X 5 organisms X 6
sample times X 4 dilutions per sample), 960 test tubes of sterile saline are
required, 240 test tubes with 9.9 ml of saline and 720 test tubes with 9.0 ml
of saline. Properly labeling and storing the test tubes in racks, in groups of
4, will avoid confusion and increase the efficiency of the experiment.

B. Preparation of Inocula- ATCC organisms, shipped in glass vials,
need to be rehydrated prior to use. Sterile, physiological saline is sufficient
to suspend the mixture in the vial. This mixture is then transferred to the
appropriate agar plate and allowed to incubate for the required time. (See
Appendix Media) Given the longer incubating time for Fusarium solani, it is
appropriate to start with that organism up to 14 days prior to use.

(a) 8 agar plates per organism will be required for preparation
of the inocula, 2 to plate the rehydrated ATCC mixture and 6 to
provide isolated colonies.

(b) After the required incubation time to grow the ATCC vial
organisms, streak plates are prepared to provide isolated
colonies. Streak a plate from the culture slant in quadrants,
flaming the inoculating loop before each streak. Repeat this
process to provide 6 plates total, and incubate. For the
bacteria, this should be done 24-48 hours prior to starting the
experiment.

(c) The day of the experiment, isolated colonies are harvested
with a sterile cotton swab moistened with sterile saline.
Transfer the inoculated swab to a test tube containing sterile
saline and vortex, allowing the swab to rotate freely.

(d) Repeat this process until the media appears turbid and
milky in appearance. This should represent approximately a




10" to 10 ? solution. If lab equipment allows, spectroscopy or
a McFarland standard may be applied to verify bacterial
concentration in solution. (See Appendix McFarland)

(e) To obtain spores from Fusarium solani, hyphae are
harvested with a flamed loop and transferred to sterile saline.
This mixture is vortexed and centrifuged. Both the supernate
and substrate are then washed with more sterile saline and
filtered through fine cheesecloth. Repeat the washing process
3 to 5 times to obtain inocula consisting of mostly spores.

(f) Vials of inocula are stored at 20-25 C prior to use, and
protected from light and contaminates.

C. Inoculation of Contact Lens Wells- Prepared vials of inocula are
stored at an approximately, or if known through prior testing, 10’
concentration. FDA protocol dictates that test inocula be between 10° to
10°® cfu/ml and that the volume of inocula not exceed 1% of the sample
volume. (p 96 C1) The test volume of the contact lens is set at 2 ml, thus
serial dilutions are required to set the test inocula in the wells to the required
concentration and volume.

(a) Vials of inocula are vortexed to ensure all bacteria are in
suspension. 1 ml of the approximate 10’ inocula is pipetted
into 9 ml of sterile saline and vortexed. This represents a 1/10
dilution and a final concentration of about 10*

(b) Each contact lens well is to be swabbed with isopropyl
alcohol prior to use. After swabbing, the cases are allowed to
air dry under a sterile hood for 1 hour.

(c¢) Upon drying and at test time zero (0) (See Appendix
Timing) for the lens well to be tested, 2 ml of sterile saline are
pipetted into the appropriate contact lens test well. 20 ul of the
10® inocula is added to the lens well with a 10-100 ul Ependorf
Research Pipette. This represents a 1/100 dilution leaving the
initial test concentration in the well at about 10° cfw/ml.

(d) To insure dispersion of the inocula, cases are capped and
gently agitated in a figure-8 pattern for 1 minute.

D. Serial Dilutions and Plating- At the instant the 20 ul inocula is
transferred to the first test well, the timer is initiated. This is time zero and
5 minutes remain before the next test well is to be inoculated. (See
Appendix Time) Quickness, speed and accuracy are necessary to maintain
the strict time requirements of this experiment.




(a) After the 1 minute of agitating the inoculated test well to
ensure proper mixing, 100 ul are extracted from the lens well
using the 10-100 ul Ependorf Scientific Research pipette and
added to 9.9 ml of sterile saline. This mixture is vortexed and
represents 1/100 dilution, and a concentration of 10* cfu/ml.
(b) Using a 1 ml pipette, 1 ml of the 10 solution is transferred
to an appropriate agar plate and spread with a sterile glass rod.
With the same pipette, another 1 ml of this solution is
transferred to 9 ml of sterile saline and vortexed. This
represents a 1/10 dilution, and a concentration of 10°.

(c) The process outlined in (b) is repeated 2 more times, using
a new, sterile pipette each time, to obtain 1 ml plated samples
each of concentrations representing 10 and 10' cfu/ml.

(d) Inoculated plates are carefully transferred to a holding area
and materials are gathered for the next test well to be
inoculated at exactly time 5 minutes. Processes (a)-(d) are
repeated for each well at each sampling time (zero, 2, 4, 6, 8,
and 32 hours.)

E. Plate Counts- Plates are allowed to sit upright to dry until no
liquid is detectable on the surface of the agar. At that point, plates are
inverted and transferred to a temperature controlled incubator for the
appropriate time (See Appendix Media) Plate counts were determined by
visually counting the number of cfu (colony forming units) per plate.
Countable plates had between 30 to 300 cfu/plate for bacteria and yeast and
8 to 80 cfu/plate for molds. Bacterial plates that were determined to be to
numerous to count (TNTC) were recorded as greater than 3.00 x 107, since
that was the sensitivity of our test. Bacterial plates that were too few to
count (TFTC), or showed no growth at all, were recorded as less than 30
cfu.

Data:

The number of cfu were determined for each lens well at each sample
period. By determining the initial concentration, at time zero, it was possible
to determine the concentration of bacteria in our original inoculum. Since
the same inoculum was used for each of the 8 test wells for that organism,
mean concentrations and kill rates were determined for the like test groups
(4 Oligon vs. 4 control.) The graphs show how individual wells did
through time, as well as the means of all 4 wells.



FDA protocol dictates that to meet Stand Alone criteria, contact lens care
products must show a kill rate of at least 3 log units. Our graphs were
designed in a log versus time format to determine if that criterion was met.

Due to difficulties with handling Fusarium in the lab and inconsistant data,
those numbers were excluded and, subsequently, not graphed.

Discussion:

All of the organisms tested under the Oligon test case failed to meet the
FDA stand alone criteria for contact lens disinfection for any organism.
The Oligon cases failed to kill the minimum 3 log units of any organism
tested in the 8 hour test period. However, the Oligon test cases did have
higher kill rates for some organisms when compared with the control, but
not within 8 hours. For example, Oligon killed Pseudomonas with a greater
than 3 log kill rate, but not until the 32 hour test period.

Fusarium data was collected but was not graphed. The number of cfu
varied greatly between individual test wells. Fusarium has proven to be a
difficult organism to work with in this type of setting. The challenge with
Fusarium is, first, to ensure that the inoculating media has a sufficient
number of spores, and not hyphae. Secondly, there was an apparent
problem with ensuring adequate mixing when samples were taken and
possible clumping of the spores in the test wells. This showed in the data
by having wells sampled early in the experiment that showed no growth and
later in the experiment showing cfu that were too numerous to count. In
handling Fusarium, future researchers should concentrate on finding a way
to ensure sufficient disbursement of the spores and on a more accurate
method of determining the spore concentration in the initial inoculum.

The bacteria tested also showed slight variations between individual test
wells, however, they were minimal and generally followed the same pattern
through time. This, again, may point to a problem with mixing. Other
methods to employ to ensure proper mixing may be as simple as keeping
test cases on an agitated surface between sampling times.

Pseudomonas, one of the most pathological organisms tested and most
relevant to contact lens induced infections of the eye, actually showed the
best results. The Oligon test cases showed a greater than 4 log unit kill rate



over 32 hours. This is combined with the kill rate of the control wells of
approximately 1 log of reduction over the same time period. The
Pseudomonas data are also nice, since the initial concentration of organisms
was within the FDA approved parameters for inocula at 107 cfu. Our lab
was not equipped with a spectrophotometer and we were unable to handle
the toxic barium chloride and sulfuric acid required to make the McFarland
standard. Future researchers should employ either of the two methods to
ensure that the starting inoculum is within FDA standards. Our method
was to add organisms until the media became turbid and we assumed that
we would be in the range. That method proved effective for Pseudomonas
and Serratia, but not Staphylococcus, Candida or Fusarium.

Staphylococcus aureus is another organism that can cause ocular
infections. Our data show that the Oligon test cases did not perform better
than the control cases in eliminating Staphylococcus through an 8 hour test
period. At time 32 hours, however, the Oligon control group showed at
least 1 log kill rate more than the control. One of our difficulties with our
experiment in working with Staphylococcus was our initial inoculum
concentration was too low. This might have effected the final outcome of
the data, since it might have been easier to show a higher kill rate if more of
the bacteria were available to be eliminated. There is also the consideration
of time with Staphylococcus, it could be that with our test cases, we were
able to meet the 3 log kill rate, but just not within the 8 hour period. Future
researchers should, again, be certain of the inoculum concentration before
starting the experiment.

Unlike Staphylococcus, where our problem was too few of the organism
starting out, Serratia was the opposite. We possibly had too many of the
organism starting out. Limited by our dilutions, we were only able to
ascertain that there were greater than 107 cfu of Serratia in each of the
Oligon and control wells at the start of the experiment. Although the
number of cfu’s of Serratia stayed too numerous to count for the control
group throughout the experiment, the Oligon group showed a greater than 1
log kill rate, on average, by time 32 hours. One interesting item to note
about the Oligon test wells 1s that 2 of the wells consistently showed better
results than the other two wells, actually showing nearly a 4 log reduction
by time 32 hours. That leads us to believe that maybe there was a slight
variation in the coating process of the cases that lead to the differences
within the test group.



Candida, the yeast, performed much the same way as Staphylococcus.
There were, perhaps, too few of the organism starting out. The Oligon
group performed slightly better through time than did the control, but not
near the 3 log kill rate. By time 32 hours, the Oligon group was almost 2
logs better than the control, however, the mean number of organisms
increased at time 32 for the control. This suggests, like Fusarium, that
there were possibly some problems with mixing and sampling.

For all organisms tested, save for Fusarium, the Oligon test cases
performed better than the controls. In the case of Pseudomonas, and
possibly Staphylococcus, the performance was such that the 3 log units of
reduction were met for the FDA requirement. The problem with it was in
the time that it was meet, that is, not within 8 hours. For a first experiment
with this new and promising method of disinfecting contact lenses, we
should all be excited. There are a number of studies and trials that need to
be performed before this becomes a viable option for contact lens
disinfection for the consumer. We believe that current studies should
center on improvements on the time release capabilities of the Oligon
coating and control of the silver ion concentration. Future experiments may
include: the formulation of the silicon coating, the coating process itself, and
the type and pH of solution/saline used in the well.

We strongly feel that the Oligon method of contact lens disinfection is the
frontier for contact lens care of the future. The benefits to the contact lens
wearer will be greater ease of use, better compliance and less secondary
ocular complications to contact lens wear, namely, allergic reactions to
preserved saline and infections of the eye. With a concerted effort by
Oligon to improve on an exciting oligodynamic technology and the ability of
outside labs to improve on our method to test the efficacy of the cases, we
can make this technology the way of contact lens care of the future.
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Pseudomonas Worksheet
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Serratia Worksheet
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Candida Worksheet
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8 .'
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32, J
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' 6.30E+05. 2.20E+04 |
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1.19E+06' 2.80E+03 l
- 8.68E+05 9.50E+03
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Appendix-Materials

Organisms: (by corresponding ATCC number)

#06538 Staph Aureus

#09027 Pseudomonas aeruginsoa
#10231 Candida Albicans
#13880 Serratia marcescens
#36031 Fursarium solani

Pipettes: (Order numbers correspond to Daigger Supply Catalog)

1 Ependorf Research Pipette 10-100 ul #PX20541D
300 Eppendorf Disposable Pipette Tips #PX20561XB
2000 Disposable Pipettes 1 ml (graduated to tip) #PX202656
1 Pipette Aid #PX20460F

Agar Plates: (Order numbers correspond to Daigger Supply Catalog)
1000 Petri Dishes 100x20 #PX7116B

Agar/Neutralizer: (Order numbers correspond to VWR Scientific Products Supply
Catalog)

1000 grams Tryptone Soya Agar (TSA) #DF0369-17
500 grams Potato Dextrose Agar (PDA) #DF0013-17
500 grams Sabouraud Dextrose Agar (SDA) #DF0109-17
200 grams Diffco Buffer (Neutralizer) #DF0362-15
Other Equipment needed:

-Controlled temperature water bath (for fabricating agar plates)
-Controlled climate incubators

-Sterilizer/Autoclave

-large flasks and distilled water (for making sterile water)
-approximately 1000 15 ml] test tubes with racks
-approximately 50 glass rod plate spreaders-reusable if flamed in ETOH
-Autoclavable Biohazard Bags

-a buson burner

-stop watch

-lab disinfectant

-electric vortex mixer



Appendix-Media

Media and Incubation Conditions for Growth of Challenge Organisms

_Organism | = Medium | " Temp(C) | Incubation Time
P. aeruginosa TSA 30-35 18-24 hours
S. aureus TSA 30-35 18-24 hours
S. marcescens TSA 30-35 18-24 hours
C. albicans SDA 20-25 42-48 hours or
SDA 30-35 18-24 hours
F. solani PDA 20-25 10-14 days




Apendix- Timing

Example of Experiment Set-Up

for 2 test organisms

PT= Pseudomonas Test Wells
PC= Pseudomonas Control Wells

ST= Staph Test Wells

SC= Staph Control Wells

Time Zero

(table shows test organism and well number and time in hours/minutes)

5 minute

PT (time) PC (time) | Sminute | ST (time) | 5 minute | SC (time)
break break break
0:20 0:45 1:05
PT1 0:00 PCL OIS ST1 0:45 SC11:10
PT2 0:05 PC2 0:30 ST2 0:50 SC21:15
PT3 0:10 PC3 035 ST3 0:55 SC3 1:20
PT4 0:15 PC4 0:40 ST4 1:00 SC4 1:25
Lab Prep Time 1:30 to 1:55
Time 2 Hours
PT (time) | 5 minute | PC (time) | 5 minute | ST (time) | 5 minute | SC (time)
break break break
2:20 3:45 3:05
PT1 2:00 P 2:25 ST1 2:45 S8C13:10
PT2 2:05 PC2 2:30 ST2 2:50 SC2 3:15
PT32:10 PC3 2:35 ST3 2:55 SC3 3:20
PT4 2:15 PC4 2:40 ST4 3:00 SC4 3:25

Repeat Process for Sample Times 6, 8 and 32 hours




Appendix D

McFarland nephelometer barium sulfate standards

Procedure:

(a) Prepare 1% aqueous barium chloride and 1% aqueous sulferic
acid solutions.

(b) Add the amounts indicated in Table 1 to clean, dry ampoules.
Ampoules should have the smae diameter as the test tube to be used

in subsequent density determinations.
(c) Seal the ampoules and label them.

Preparation of standards:

Tube BaCly Sulfuric Acid Bacteria Density
1% (ml) 1% (ml) (million/m])

1 0.1 99 300

2 0.2 9.8 600

3 0.3 9.7 900

4 0.4 9.6 1,200

5 0.5 9.5 1,500

6 0.6 94 1,800

7 0.7 0.3 2,100

8 0.8 9.2 2,400

9 0.9 9.1 2,700

10 1.0 9.0 3,000
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MICRO--APPENDIX B
DISINFECTION EFFICACY TESTING

PART 1. STAND-ALONE PROCEDURE FOR DISINFECTING PRODUCTS

PRINCIPLE

The stand-alone test challenges a disinfecting preoduct with a standard
inoculum of a representative range of microorganisms and establishes the
extent of viability loss at pre-determined time intervals comparable with
those during which the product may be used. The size of the microbial
challenge chesen in this test is not intended to be representative of the
likely challenge in practice, but to provide countable numbers from which
estimation of the rate and extent of viability loss can be determined.

In carrying out the test for antimicrobial activity, the gqualitative
composition eof the product should be known at the time of testing by
either analytical testing or extrapolation.

Appropriate measures should be taken to inactivate or remove residual
antimicrobial agents during culturing and counting of survivors and the
effectiveness of these measures should be validated and the action of
this process during the test should be demonstrated by the construction
of suitable controls.

Three batches of product should be tested. Each batch of product should
be tested with a separate inoculum preparation for each challenge
organism.

MATERIALS AND REAGENTS

A,

Test Organisms

Pseudomonas aeruginosa NCIMB 8626 ATCC 9027
Staphylococcus aureus NCTC 10788 ATCC 6538
Serratia marcescens NCTC 10211 ATCC 13880
Candida albicans NCTC 3179 ATCC 10231
Fusarium solani ATCC 36031
Test Media

Potato Dextrose Agar (PDA)

Tryptone Soya Broth (TSB)

Tryptone Soya Agar (TSA)

Sabouraud Dextrose Agar (SDA)

Dulbecco's Phosphate Buffered Saline without calcium chloride and
magnesium chloride (DPBS): 200 mg/L KCl, 200 mg/L KH,POy,,

8000 mg/L NaCl, and 2,160 mg/L Na,HPO,*7H,0 or a suitable diluent.
Dulbecco's Phosphate Buffered Saline plus 0.05% w/v polysorbate 80
{DPBST) or a suitable diluent.

Validated neutralizing agents/media required (e.g., Dey-Engley
Neutralizing Broth and Agar).

I
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G Test Eguipment

Sterile pipettes, glass beads, swabs, tubes, 100 X 20 mm petri
dishes, etc., as regquired. Suitable instruments for
spectrophotometric determination of cell density, for coclony
counting, and for centrifugation.

D. Test Samples

Product samples to be tested should be representative of the
product to be marketed. Aliquots should be taken directly from
the final product container immediately prior to testing.
III. TEST METHOD
A. Culture Maintenance

Cultures should be maintained in the manner recommended by the

curator of the appropriate culture collection. Cultures should be

no greater than five passes removed from the depository stock

(ATCC, NCIB, NCTC, NCPF or other recognized culture depository.)
B. Preparation of Microbial Challenge (Inoculum)

Test organisms should be cultured on agar as in Table 1.

e T ——

Media and Incubation Conditions for Growth of Challenge Organisms

Organism Medium Temp (°C) Incubation Time

P. aeruginosa TSA 30-35 18-24 hrs

S. aureus TSA 30-35 18-24 hrs

S. marcescens TSA 30-35 18-24 hrs

C. albicans SDA 20-25 42-48 hrs or
SDA 30-35 18-24 hrs

F. solani PDA

2028 22-adgays

all cultures, use sterile DPBST or a suitable diluent,
washing the surface growth and transfer to a suitable vessel. The
spore suspensions may be filtered through sterile glass wool,
cotton gauze or cheese cloth to remove hyphal fragments.

After harvesting, the cultured organisms may be washed using
centrifugation. If centrifugation is used, each centrifugation
should be conducted at 2-25°C for no longer than 10 minutes at
4000 x g or less. The bacterial suspensions may be filtered

(e.g., 3 - 5 um pore size) to produce a single cell dispersion.
All challenge cell suspensions should then be adjusted with DPBST
or other suitable diluent to 1 X 10’ - 10° cfu/ml. The
approximate cell concentration may be estimated by measuring the
turbidity of the suspension or a dilution of the suspension using
a spectrophotometer. The actual concentration of cfu/ml should be
determined for each suspensiocn by the plate count method at the
time of the test.
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Bacterial and yeast cell suspensions should be used on the day of
preparation. Bacterial and yeast cell may lose viability and
resistance if not used on day of preparation. Spore suspensions
may be used up to 7 days following preparation by storage under
refrigeration (Avg. 4:2°C).

Test Procedure

2 5 Prepare one tube containing a minimum of 10 ml of test
solution per challenge organism. Inoculate the sample tube
of the product to be tested with a suspension of test .
organisms sufficient to provide a final count of 1.0 X 10° -
1.0 X 10° cfu/ml. The volume of inoculum should not exceed
1% of the sample volume. Ensure dispersion of the inoculum
by adequate mixing.

Zs Store inoculated product at 20-25°C. Temperature should be
monitored using a calibrated device and documented. If
sensitive to light the product should be protected during
the period of the test.

3 Take 1.0 ml aliquots of the inoculated product for
determination of viable count at 25%, 50%, 75% and 100% of
the minimum recommended disinfection time for all organisms,
and, in addition, at not less than 4 times the minimum
recommended disinfection time for yeast and mold. Where
overnight disinfection is recommended, disinfection time is
taken to be 8 hours.

4. Subject 1.0 ml aliguots removed at the specified time
intervals to a suitable series of decimal dilutions in
validated neutralizing media. Mix suspension well by
vortexing vigorously and incubate for a suitable period of
time to allow for neutralization.

If the antimicrobial agent(s) in the formulation cannot be
adequately inactivated or neutralized it may be eliminated
using a validated membrane filtration procedure (e.g.,
Micro--Appendix D).

5. Determine the viable count of organisms in appropriate
dilutions by preparation of triplicate plates (unless
otherwise justified) of a suitable recovery medium (e.g.,
TSA for bacteria and SDA for mold and yeast).

Where membrane filtration has been employed to
remove/neutralize antimicrobial agents, membranes should be
cultured on these media as appropriate. The agar for pour
plates should be kept between 40-50°C prior to pouring. The
agar media used for determination of viable counts may also
contain antimicrobial inactivators or neutralizers if
reqguired.

6 - Incubate bacterial recovery plates at 30-35°% for 2- days.
Incubate yeast at 20-25°C or 30-35°% for 3-5 day& and mold
recovery plates at 20-25° for 3-7 days.



IV.

D.

Determine the average number of cfu on countable plates.
Countable plates refer te 30 to 300 cfu/plate for bacteria
and yeast, and 8 to 80 cfu/plate for mold except when
colonies are observed only for the 10° or 107 dilution
plates. Calculate micrcbial reduction at the specified time
points.

Controls

1.

Inoculum Control

An inoculum count is made by dispersing an identical aligquot
of the inoculum into the same volume of suitable diluent
(e.g., DPBST) as used in Part 1:III.C.l1 to achieve a final
concentration of 1.0 X 10° - 1.0 X 10° cfu/ml. The volume of
inoculum should not exceed 1% of the sample volume. Ensure
dispersion of the inoculum by adeguate mixing. This control
sample should be evaluated for cfu/ml at the beginning of
the test. This serves to demonstrate the suitability of the
medium used for growth of the test organism and provides an
estimate of the initial inoculum concentration.

Recovery medium control

Prepare a 1/10 dilution of the disinfecting sclution in the
validated neutralizing broth (1 ml into 9 ml). If a greater
dilution of the test solution is required to achieve
neutralization, the latter dilution should be used. Prepare
a second control tube with 10 ml of a suitable diluent
(e.g., TSB). Inoculate the tubes with sufficient inocculum
to result in 10-100 cfu of challenge organism per plate.
Incubate for an appropriate period of time at ambient
temperature. Plate the appropriate aliquot from each tube
ontc the recovery agar plates in triplicate unless otherwise
justified.

The recovery in the neutralizer broth should be at least 50%
of the recovery in the second control tube. This control
should be performed for each challenge organism.

PERFORMANCE REQUIREMENT

A.

Control Specification

If any control value falls out of specification, the associated
test is invalid and should be repeated.

Primary Criteria (See Part 2, Table 2)

2

Bacteria

The number of organisms recovered per ml should be reduced
by a mean value of not less than 3.0 logs within the minimum
recommended disinfection period.
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2 Molds and Yeasts

The number of organisms recovered per ml should be reduced
by a mean value of not less than 1.0 log within the minimum
recommended disinfection time with no increase at not less
than four times the minimum recommended disinfection time.

Secondary Criteria (See Part 2, Table 2)

Products failing to meet the criteria in Part I1:IV.B.1l or

Part 1:IV.B.2 may be evaluated by the regimen test procedure
described below, provided there is a combined log reduction for
the means of all bacteria of not less than 5.0 within the
recommended disinfection period. The minimum acceptable mean log
reduction for any single bacterial type is 1.0. Stasis for the
yeast and mold (within an experimental error of +0.5 log) should
be observed for the recommended disinfection period.
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PART 2. REGIMEN PROCEDURE FOR DISINFECTING REGIMENS

PRINCIPLE

This procedure is applicable teoc multi-functional disinfection regimens
which may include the steps of cleaning, rinsing, and scaking. 1In
carrying out the regimen test procedure, the products should be used in
the manner and quantity recommended in product labeling and/or patient
instructions. The test challenges the proposed disinfection regimen
with a standard inoculum of a representative range of microorganisms.
The inoculum is carried through the various stages of the regimen by
preliminary application to contact lenses.

The disinfecting stage of any proposed contact lens disinfection regimen
evaluated by this test should have demonstrated minimum antimicrobial
activity by the Stand-Alone Procedure as indicated for Regimen
Qualification.

In carrying out the test, qualitative and quantitative composition of
all products used in the test regimen should be known at the time of
testing, either by analytical testing or extrapolation.

Appropriate measures should be taken to inactivate or remove residual
antimicrobial agents during culturing and counting of the challenge
organism and the effectiveness of these measures should be demonstrated
by the construction of suitable controls.

A minimum of three lots of product should be tested. Each lot of
product should be tested with a separate inoculum preparation for each
challenge organism.

MATERIALS AND REAGENTS

Al Test Organisms
‘Pseudomonas aeruginosa NCIMB 8626 ATCC 5027
Staphylococcus aureus NCTC 10788 ATCC 6538
Serratia marcescens NCTC 10211 ATCC 13880
Candida albicans NCPF 3179 ATCC 10231
( Fusarium solani ATCC 36031
B. Test Media

Tryptone Soya Broth (TSB)
. Tryptone Soya Agar (TSA)

Sabouraud Dextrose Agar (SDA)

Potato-Dextrose Agar (PDA)

Dulbecco's Phosphate Buffered Saline without calcium chloride and
magnesium chloride (DPBS): 200 mg/L KC1l, 200 mg/L KH,PO,,

8000 mg/L NacCl, and 2,160 mg/L Na,HPO,*7H,0 or suitable diluent.
Dulbecco's Phosphate Buffered Saline plus 0.05% w/v polysorbate 80
(DPBST) or suitable diluent. Validated neutralizing agents/media
as reguired ({e.g., Dey-Engley Neutralizing Broth and Agar).



Test Eguipment

Sterile pipettes, glass beads, swabs, tubes, filters, etc., as
required. Suitable instruments for spectrophotometric
determination of c¢ell density, for colony counting, and for
centrifugation.

Test Samples

Test product samples to be tested should be representative of the
product to be marketed. Aligquots should be taken directly from
the final product container immediately prior to testing. &all
regimen items, including cases, lenses, cleaning devices, etc.,
should be new and unused. If the test regimen results will be
directly compared with results for a predicate device, then a
predicate device from the same product category should be used for
the comparison (e.g., a hydrogen peroxide product should be
compared to a predicate hydrogen peroxide system and a multi-
purpose, product should be compared to a predicate multi-purpose
product). Refer to Part 2:IV (PERFORMANCE REQUIREMENT) .

III. TEST METHODS

A,

Culture Maintenance

Cultures should be maintained in the manner recommended by the
curator of the appropriate culture cocllection. Cultures should be
no greater than 5 passes removed from the depository stock (ATCC,
NCIB, NCTC, NCPF or other recognized culture depository).

Preparation of Microbial Challenge (Inoculum)

Test organisms should be cultured and harvested as in
Part 1:I11.B.

After harvesting, organic secil consisting of heat killed yeast
cells and heat inactivated serum, should be combined with the test
organism to result in an initial concentration of 1 X 10" - 10°
cfu/ml.

Prepare organic soil as follows. Culture S. cerevisiae on SDA at
20-25°C for 48 hrs. Harvest as in Part 1:III.B. Heat kill the
suspension at 100 #2°C for 10 minutes. Centrifuge at no more than
5000 X g for a maximum of 30 minutes. Resuspend in bovine serum
which has been heated at 56°C for 30 minutes to inactivate
comple;?nent.a The concentration of $. cerevisiae in serum should be
1 X 10 - 10".

Centrifuge test organism su%pension. Resuspend in organic soil to
a concentration 1 X 10’ - 10° cfu/ml. This is the inoculum to be
used in the following procedure.



. Test Procedure

5

Lens Inoculation

The test should be conducted with lens types representative
of those with which the regimen is intended to be used
(e.g., low water non-ionic, high water ionic, silicone
acrylate, etc.).

Inoculate eight lenses per lot of test product per microbial
species tested; to qualify for all hydrophilic lenses use
four (4) non-ionic low water lenses and four (4) ionic high
water lenses. For hydrophobic lenses, use four (4)
silicone-acrylate and four (4) fluorosilicone-acrylate
lenses.

Organism 1 Hydrophilic Lenses
Group I Material Group IV Material

Lot of Test Product 4 lenses 4 lenses
Lot of Test Product 4 lenses 4 lenses
Lot 3 of Test Product 4 lenses 4 lenses

12 lenses 12 lenses
Organism 1 Hydrophobic Lenses

Silicone-Acrylate Fluorosilicone-

Acrylate

Lot 1 of Test Product 4 lenses 4 lenses
Lot 2 of Test Product 4 lenses 4 lenses
Lot 3 of Test Product 4 lenses 4 lenses

12 lenses 12 lenses

For hydrophilic or hydrophobic lenses, a total of 120 lenses
(24 for each organism/60 lenses in each representative lens
material) will be needed to test all 5 organisms.

Place test and control lenses, concave surface uppermost in
a sterile petri dish.

Inoculate each lens by placing 0.01 ml of inoculum on the
under surface of the lens at the point of contact between
the petri dish and the lens, and 0.01 ml of inoculum on the
top surface of the lens.

Allowothe inoculum to absorb to each lens for 5-10 min. at
20-25°C.

Lens Treatment

After inoculum absorption, treat lenses as described in the
manufacturer's consumer instructions for lens disinfection,
including all steps of cleaning, rinsing and soaking
specified by the manufacturer. Cleaning and rinsing
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procedures (e.g., rubbing and rinsing times and rinse
volumes) should be performed in identical fashion for the
precdicate device and the test sample, unless otherwise
stated in the manufacturer's consumer instructions for lens
care. Test protocols should specify these parameters.

Recovery of Surviving Challenge Organisms ({e.g., Micro--
Appendix D Membrane Filtration Procedure)

a. Dispense suitable volume of validated neutralizing
medium into filtration apparatus.

b. Transfer entire content of each test lens case (lens
and solution) into the neutralizing medium in the
filtration apparatus. The neutralization exposure
time prior to filtration should be determined in the
validation study.

oy Apply vacuum and filter soclution. Rinse the filter
two additional times with the neutralizing medium.

= Aseptically transfer the lens onto a bed of agar
medium appropriate for recovery of the test organism.

Pour 40-50°C agar medium (same as bed agar above)
over the lens to cast it.

e. Apply the test filter to the surface of a plate of
appropriate solid media (could be the same as used in
Part 2:1II.cC.3.4d).

£ Incubate bacterial recovery plates at 30-35°C for 2-4
days. Incubate yeast recovery plates at 20-25°C or
30-35°C for 3-5 days and mold recovery plates at 20-

25°C for 3-7 days.

Controls

1.

Lens Inoculation Control

For each microbial species tested transfer 3 inoculated
lenses to tubes of TSB (for bacteria and yeasts) or SDB (for
fungi) as appropriate. Vortex for 30 seconds. Serially
dilute and plate out appropriate dilutions to permit a count
of viable cells present.

This count confirms that the number of organisms on the lens
at the time of regimen challenge is adeqguate. The mean of
the 3 counts should be not less than 2.0 X 10°.
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s Neutralization and Reccvery Control

Prepare filtration apparatus in triplicate (unless otherwise
justified) as in Part 2:III.C.3 with suitable volumes of
neutralizing medium and disinfecting solution. Add 5 to 50
cfu of challenge organism, filter and cultivate as outlined
in Part 2:III.C.3.

Confirm inoculum on suitable medium in triplicate unless
otherwise justified.

The recovery in the neutralizer broth should be at least 50%
of the inoculum.

PERFORMANCE REQUIREMENT

Bacteria, molds and yeast . (See Table 2)

Less than or egual to 10 c¢fu recovered from each lens and test filter
combination for each test organism. Alternatively, the average number
of surviving organisms recovered on the lens and the respective test
filter should be shown to be substantially equivalent to results
obtained for the predicate device(s) when tested according to this
regimen procedure. Organism counts (average for each organism) may be
considered to be substantially equivalent if the difference between the
subject device and the predicate device is less than or equal to 0.5
log.
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Table 2
SUMMARY OF RECOMMENDED PERFORMANCE

CRITERIA FOR CONTACT LENS DISINFECTION PROCEDURES

MEAN LOG REDUCTION AT DISINFECTION TIME
PRODUCT FUNGI BACTERIA
Fs?® ca SM PA SA
Stand-Alone i | 1 3 3 3
Criteria
Regimen b b c c c
Qualification
Regimen d d d d d
Criteria

FS = F. solani ATCC 36031,

CA = C. albicans ATCC 10231,
SM = S. marcescens ATCC 13880,
PA = P. aeruginosa ATCC 9027,
SA = S. aureus ATCC 6538

Stasis with an experimental error of +0.5 log at the disinfection time.
The minimum acceptable log reduction for the mean value of all 3 I
bacteria combined should be 5.0. The minimum acceptable log reduction i
for any single bacterial type should be 1.0. 5

Less than or equal to 10 cfu per lens and test filter combination from
0.01 ml of 1 X 10’ to 1 X 10° inoculum OR

The average combined number of surviving organisms recovered on the lens
and the respective test filter must be shown to be substantially !
equivalent to the predicate device(s).
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MICRO--APPENDIX C
BACTERIOSTASIS TEST
PRINCIPLE

Bacteriostasis testing is performed for multi-dose saline products which
do not contain conventional preservatives, yet do contain bacteriostatic
agents (e.g., borate, boric acid, potassium sorbate, and EDTA). For
these products, which do not meet the preservative efficacy criteria
described in Micro--Appendix A, a discard date should be determined on
the basis of the product's bacteriostatic activity. The bacteriostasis
test is a modification of the preservative efficacy test procedure.

Three lots of product should be tested. Each lot of product should be
tested with a separate inoculum preparation for each challenge organism.

MATERIALS & REAGENTS

A. Test Organisms

Pseudomonas aeruginosa NCIMB 8626 ATCC 9027
Staphylococcus aureus NCTC 10788 ATCC 6538

Escherichia coli NCIB 8245 ATCC 873%

Candida albkicans NCPF 3179 ATCC 10231

Aspergillus niger IMI 145007 ATCC 16404
B. Test Media

Tryptone Soya Broth (TSB), Tryptone Scoya Agar (TSA), Sabouraud
Dextrose Agar (SDA), Dulbecco's Phosphate Buffered Saline without
calcium chloride and magnesium chloride (DPBS): 200 mg/l KCl, 200

mg/1l KH,PO,, 8000 mg/l NaCl, and 2,160 mg/l Na,HPO,*7H,0 or suitable
diluent

Dulbecco's Phosphate Buffered Saline plus 0.05% w/v

polysorbate 80 (DPEST) or suitable diluent

Validated neutralizing agents/media as required (e.g., Dey-

Engley Neutralizing Broth and Agar).

c: Test Equipment

Sterile pipettes, glass beads, swabs, tubes, 100 X 20 mm petri
dishes, etc., as reguired. Suitable instruments for
spectrophotometric determination of cell density, for colony
counting, and for centrifugation.

D. Test Samples

Product samples to be tested should be representative of the
product to be marketed. Prepare one tube containing a minimum of
10 ml of test solution per challenge organism. The largest
container size proposed for the product should be used.
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III. TEST METHOD
A. Culture Maintenance
Cultures should be maintained in the manner recommended by the
curator of the appropriate culture collection. Cultures should be
no greater than 5 passes removed from the depcsitory stock (ATCC,
NCIB, NCTC, NCPF or other recognized culture depository).
B. Preparation of Microbial Challenge (Inoculum)
Test organisms should be cultured on agar as in Table 1.
Table 1: Media & Incubation Conditions for Growth of
Challenge Organisms
Organism Medium Incubation
Temp °C Time
;k Pseudomonas aeruginosa TSA 30-35 18-24h
k Staphylococcus aureus TSA 30-35 18-24h
Escherichia coli TSA 30-35 18-24h 1
_4% candida albicans SDA 20-25 42-48 or |
~ SDA 30-35 18-24h ﬁ
Aspergillus niger sSDa 20-25 7 days j

To harvest all cultures, use sterile DPBST or a suitable diluent,
washing the surface growth and transfer to a suitable vessel. The
spore suspensions may be filtered through sterile glass wool,
cotton gauze or cheese cloth to remove hyphal fragments.

After harvesting, the cultured organisms may be washed using
centrifugation. If centrifugation is used, each centrifugation

should be conducted at 2-25°C for no longer than 10 minutes at
4000 x g or less. The bacterial suspensions may be filtered

(e.g., 3 - 5 um pore size) to produce a single cell dispersion.
All challenge cell suspensions should then be adjusted with DPBST
or other suitable diluent to 1 X 10’ - 1 X 10°® cfu/ml or cell
concentration sufficient to result in final concentration of 1 X
10° - 1 X 10° cfu/ml in the product. The approximate cell 1
concentration may be estimated by measuring the turbidity of the
suspension or a dilution of the suspension using a
spectrophotometer. The actual concentration of cfu/ml should be
determined for each suspension by the plate count method at the
time of the test.

Bacterial and yeast cell suspensions should be used on the day of
preparation. Bacterial and yeast cells may lose viability and
resistance if not used on the day of preparation. Spore
suspensions may be used up te 7 days following preparation by

storage under refrigeration (Avg. 4:2°C).
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Procedure

Inoculate the sample product to be tested with a suspensicn
of test organisms sufficient to provide a final count of 1.0
X 10° - 1.0 X 10° cfu/ml. The volume of inoculum should not
exceed 1% of the sample volume. Ensure dispersion cf the
inoculum by adequate mixing.

Store inoculated product at 20-25°C. Temperature should be
monitored using a calibrated device and documented. If
sensitive to light the product should be protected during
the period of the test.

Take 1.0 ml aliquots of the inoculated product for
determination of viable count at 7, 14, 21, and 28 days. If
longer discard dates are desired, continue sampling
periodically thereafter.

Subject 1.0 ml aliguots removed at the specified time
intervals to a suitable series of decimal dilutions in
validated neutralizing media. Mix suspension well by
vortexing vigorously and incubate for a suitable period of
time to allow for neutralization.

If the antimicrobial agent(s) in the formulation cannot be
adequately inactivated or neutralized it may be eliminated
using a validated membrane filtration procedure (e.g.,
Micro-Appendix D).

Determine the viable count of organisms in appropriate
dilutions by preparation of triplicate plates (unless
otherwise justified) of suitable recovery medium (e.g., TSA
for bacteria and SDA for mold and yeast). The agar for pour

plates should be kept between 40-50°C prior to pouring. The
agar media used for determination of wviable counts may also
contain antimicrobial inactivators or neutralizers if
required. Where membrane filtration has been employed to
remove/neutralize antimicrobial agents, membranes should be
cultured on these media as appropriate.

Incubate bacterial recovery plates at 30-35°C for 2-4 days.
Incubate yeast at 20-25°C or 30-35° for 3-5 days and mold
recovery plates at 20-25°C for 3-7 days.

Determine the average number of cfu on countable plates ard
record. Countable plates refer to 30-300 cfu/plate for
bacteria and yeast, and 8-80 cfu/Plate for mold except wher.
colonies are observed only for 10° or 107" dilution plates.
Calculate microbial reduction at the specified time points.

The concentration of survivors should be calculated at each
time point.
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Controls

1.

Incculum Controls

The initial inoculum concentration should be calculated by
dispersing an identical aliquot of the inoculum into the
same volume of a suitable diluent (e.g., DPBST) as used in
III.C.1 to achieve a final concentration of 1.0 X 10" -

1.0 X 10° cfu/ml. Ensure dispersion cf the inoculum by
adeguate mixing. This contreol sample should be evaluated at
the same time as the zero time sample. This serves to
demonstrate the suitability of the medium used for growth of
the test organism and provides an estimate of the initial
inoculum concentration.

Recovery Medium Control

Qualify the neutralizing agent/medium for the product
initially and periodically thereafter. Prepare a 1/10
dilution of the preoduct in the wvalidated neutralizing broth
(1 ml into ¢ ml). If a greater dilution of the test
solution is required to achieve neutralization, the latter
dilution should be used. Prepare a second contreol tube with
10 ml of a suitable diluent (e.g., TSB). Inoculate the
tubes with sufficient inoculum to result in 10 - 100 cfu of
challenge organism per plate. Incubate for an appropriate
period of time at ambient temperature. Plate the
appropriate aliquot from each tube onto the recovery agar
plates in triplicate unless otherwise justified. The
recovery in the neutralizer broth should be at least 50% of
the recovery in the second control tube. This contrel is to
be performed for each challenge organism.

PERFORMANCE CRITERIA

A.

Bacteria

The concentration of each bacterial challenge organism
should remain at the initial level or decrease.

Molds and Yeasts

The concentration of the yeast and mold should remain at
initial levels or decrease within an experimental error of
+0.5 log.

The product should be labeled to discard the container after
it has been opened for the number of days which corresponds
to time point previous to the point at which any organism
shows an increase in number (see example). The container
label should include a space on which to record the date
opened.
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Example:

(Concentraticn in Abbreviated Log Value)

DAY

0 7 14 21 28 35
E. coli 10° 10° <10 10! 10? 10°
P. aeru. 10° 10° 10° 102 10°  10*
S. aureus 10° <10 <10 <10 <10 <10
¢. alb. 10° 10° 10* 1020 <10 <10
A. niger 10° 10° 10° 10° 10¢ 10°

Cut off point: E. coli 14 days

P. aeru. 21 days

A. niger 14 days

The use of the above hypothetical product is limited to 14
days after cpening.
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: JONTOPHORETIC STRUCTURE FOR
E MEDICAL DEVICES

RELATED APPLICATION

- oy application is a divisjonal of U5, balent application
g No. U1/375,597, flled Nov. 12, 1992, entitled, ION-

ORETIC STRUCTURR FOR MEDICAL DIVICES
gow US. PaL No. 5322520,

FIELD OF THE INVENTION
+.The inveation ralawes o oligodynumic lostophoresis, nod

gore peiculardy 1o an clectrically conductive struchure for
&m&m«mmwm-

T A e e e L

-

I

BACKGROUND OF THE INVENTION

o

sHits ities ax bacteriogtels and bactericides. The most
o ative form of these oligodynamic metls is a¢ joox in
widticn. While the peecisa nature of the bacteticidal effocy
nknown, 1t is belitved 10 involve altesiog the function of

L

i pil fonction. The bartericidal sction is effective against a
"ioed tpoctrum of basatia, including all of the mmmon
freins which cause infection. When these metsls s used in
mimds concentratious required to kill or stewm the growth

Sonsl mxmmalien .
{8ilver s used yoatincly in aatibactertil salver, such as
fver sulfadiszine, snd has alta been used in clinical trials

with silver

the coating slowly disanlves snd the silver Is releascd
time Into the enviromment. The infection wates with

standard

Ove catheler that wees silver as an antlbucterial agent tes
M caly Neoited sucocss bocanss the device, conslsting of a
§ v ioprognated collagen coff which it inserted just below

M skin, 1 difficolt 0 plaze

increating the cost of & conmesd venous catheter
thwo-fold. Other catholors for ruducing iafection
s well known wost of them varyiog voly
%e type and saluhility of the sllver or sliver-alloy coating.

-

28 hacterioptats fail to adoquucly prevent infection
ez or mote of the following resous: 1) Silver relessed
solublo coatings i3 not alwiys in the seme chuge state
eflen i3 pot st ull, therforo ita hactericidal

X% the costing dissolves, usually aver 2bout two weeks
& 20 fisrther antibactesial protection; 3) A noa-soluble
h‘lﬂmduy or silver-oxide coating can provest colo-
of the catheter 1o a limited exvat, but the oligody-

Boie metal {s not released into the surrounding fuid or @

B2 ) Duc 1 the substantial chunge in the catho
m procedure, the tise nfﬂla:eu;ﬁi:; requires
; persoune! trxining: xod 5} Althoy cotion can
e tas bty (lrough cithor the intestor o the exiertor of

¥ prolection. Purthennare, despitc the capability of
Uy comtod devica to prodice 2 two to four fold

by killing bacteria with controlicd oligodynamic jon-
1 %

Oigodynzmic motale, such as gilvey, arc cffedlive in 2

e ccll arembane of laking to the ocll's DNA (o dissape &

& bactcria, they do not have any detrimenta] effect on ¥
s ien cclls,

JRoost gauze for bumn drexsings. Medical devices, such as o

mmrepwudwh:womfwmlmw
cathelers,

careectly. The cull Is also g

of the prior art catheters thal usc eligodynamic S0

iz pot optimized:; 2) With soluble-tomed catheters, 35

e Ctthetar, not all eatheters provide both imerior and &

5,498,248

2
reduction in bacterial colonization ir hi Ercst}
dotracts from thelr mo::ﬂ enpab.lxi!:w e .
Rescarch from the 1970% onward has bega direcied
toward improving the antibacterial cffects of oligodynamic
mmuhydmuuylnjecqulhnmmiomiuwwlmim
Thif proccss, known as nllgodyna:mlq iontophovesis, is

anmum:umm

in 2 conductive Auid under ths influence n{law-n::u‘:mm
dewicﬂd&,mhmhmnmwwcfmdugdm
into a conductlys fuid eaviroament utlig minnte sloctrc
conems, memﬁmﬂmdmﬁmmmd,m;
Mudlvmmwhbnmnduwunmﬁm,
auch as saline, blood or urine, sod &n elcctrical jal is
spplicd scross the clectroder, sitver fons arc m:utn
sohution am enhanced bgctexicidsl effect. The ooy
rent requlrod o safely drive a sufficlent amount of diver ions
indo solutiva to control infection i2 in the range of 1 1o 400
microamperne, This current sange doss oot causs locallzed
cell necrosis and it i3 below the sensary or pdn threshold,

Desplea ity great poteatial, the aligodynamic iontophoros
sis phenomenon has found Hmited uso in conjoaction with
medical dovices, although umlogical or Foley cathetrrs have
mu:dwxﬁmﬂumﬁmu.mmmmﬁlcy
catheters, rescarchers bave identified scvern| deficiencies in
prior an devices. Foremedt i that (e élesmadss nsed lo
force jons inie sohution wear out, or comrode, at the interface
between afr and the coocduciive medivm, This problem
probably 150 aritex in blood or saline environments ag well
8s vrine. Other rignificant drawbacks with prior art {ontn-

bulky, cumrent-controlled power
ovvoos requirad for driving the ¢clecirodes: electrode con-
figurations thit do not protect bath the outside end the ingide
of (he catheser; and mamfacturing procesees that sro labor
inensve,

An example of an infcction control catheter that uses
tepacaie electrodes on the catheter and an extemnal power
supply to drive ions into solution is (.S, Pat, No, 4,411 648
1o Davis. Other pefor ant oligodynamic iontophoaesis devices
do nol use axiereal power supplics. For pxample, U5, Pat,
No. 4,886,505 o Haynes, teaches placing two ractals in
direct physical contact to produce electrical currents. The
cuttents produced, however, e likely 1o be too loge to be
safcly uscd aad possibly will alier the pH of the enviran-
ment. ln German Paont Doguasent DE 3,830390, 1wo
dissimilar metal powrers not in electrics] contact with aash
oiber ace embedded fir a nonooaductive catheter material,
such s cloctically inswlating polymers, Beoause of the
sepaxtion of dissimilar meeals by an insulator, it k= not likely
thal thers s any dontopboresis effect in this devies ms 2 result
of a potential being created by the dissimiler metalt, except
for the possibility of when a biofilm forms on the cithoter
suxface 1o compleote the circuit. Were an slectrical elreult to
bommzusmu:mmu:nmdmﬁywwldmu
regulsed or prodictsble, and umlpnﬂmadlhud‘m
coitld be cither too bigh 1o be safc of 1o low 1o be effective.

An oligodynemic lontophoresis catheier which uses the
mluarmﬂswmammmdwtmnamhp
bemricr for killiog bacicria at a localized body entry is
disclosed in U.S. PaL No. 4,569,673 to Tesl, Tost teachcs
Mat&ipufmoﬂgodynmﬂcmaﬂlonnnm. ve
substoate, The oligodynxmic molal acts 25 & sacrificial gal-
vanic asode and gives off ions when placed in conduttive
contact with a dissimifar motal by placing the catheter in an
electrolytic salution. Because the conductivity and pH of
n#ne, for example, varies over thine within the sama pesson,
as well 3z from iodividual o individual, It would be

roaRn cCTC o) TR TEITFY

QERT/FA/GA
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3
exvemecly difficult io achicve a tpecific curvesy denslyy at &
nmmmmmwmmmmly.
the Tesl devics only provides Jocalized infection eontrol.
Mnﬂmﬂflheudcﬁcuﬁﬂﬂlthnmmhoidmﬂhy

oligodynamic lontophoresis for reducing infection ia Jong- 5

torm indwelling medical devices.

SUMMARY OF THE INVENTION

The preseat invention provides an {omophoretic structiue 10

r«-m&mmmmmwmm
acencisted prolonged medical doviee implantation in
e body, Specifically, the invention iz directed towand
meeting parfommance goals of gencrel antibaciordsl effco-

clectrical current; porabilisy of the current source; and cass
of manufaciurs, Thete performances rogquircments can be
readily sddressed by a number of embodiments fo which &
cantrolled electrical cuveat drives aligodynamic tictal ions

loo solution 1 k)i bacterla on and near the iatophorstic 20

sructme. :

In noe embodimem, en jontepharetic stuctos for
medical devide includes a first and second patvanic maserial
scparaled by 8 resistive material which when placed in

contact with an electealytic solution croates & current flow 2

&mwmwwanmwmmmm

In another embodiment, an clastomer locorporutes a first
and a second galvanic malerial scparsted by resistive mate-
rial which conrols 2 eurrent flow between the galvanic
mpierigly when the elastomer is immersed in an clectrolytic
fluid, The first and second galvasic materials can be aetsl
powdent is 1 condnctiva polymer thal forms & composite
material which may be dip-comted over s existing catheter

ot extruded 10 form the catheter itsolf, Allemagvely, the *

galvanic matciials can be eonfigured in layered ntroctures,
whesein each metal layer i¢ sepurated from the other by &
resistive layern, The layered structos can be placed on

tatrfaces of the catheter whens antibecicris! action {s desired, °

In engther embodiment, two dissimilar metal powdens
embedded in 8 comductive polymer substratc creats an
infeetion control sloove that covers an aodinety cathoter
When the sleeve is placed in an clettrolytic fluid to complels

a cireudt between the metal powders, metal fons are diven 44

into solution where they have an galfbecicxial ¢ffcct This
embodiment is sleo neefiil 21 a catheter ntroducer sheath.

In yot another embodiment, a method §s provided for
giving aa implantablc modical device antibactesl proper-

tles by placing an lontophoretic stnicturs an its surface prior 3o

to implantation. The icatophorctio structure can be either 2
costing incinding two dissimiler metal powders ia 2 con-
ductive polymer sabstrate, or & layered structure having two
dissimilar metal layars separated by a conductive layes,

1s otill ga0ther ebodiment, 2 method iy provided for 55

protccting 8 natural body structure with an fontophorctic
stmcture comprising two dissimiiar metal powdas in 2
conductive buso muicrial. The jontophorstic strwenwe is
painted onto the bady atmietire when the base mxteial fs in

a softcned o uncwed simic. The basc muerisl is then 60

allowed 10 harden or cure.
DESCRIPTION OF THE DRAWINGS

Th:hvmﬁwwﬂlbc\mﬁnyuwmmmu

following detalled description taken in conjunction with the
sccompanying drmwings in whicie '

corosion; precise conyrol of 1S

- Iayered elecirodes arranged in strips: and

4
Aag. liupmpeui:;: vicw of miunwwmumhq
g 3 composile matorial prisin s

aeuintmndnulmaumnm::nm § 13 pow.

FIG. 21 a al sectional view af OnLgPhorey
eclhr.tm-«:t‘F!tlpf:li bl

FIO.S&adcpimnnru:eWunphomuexm
the compotite material in the cahster of FIG, l:ﬁ'ﬁwﬂv

FIG. 4 is & perspective view of 3 pacing fesd cosieg
the composies malerial of FIG, !:l toin

FI0. 5 is a porspective view of an anificiy D joixt
Mﬂ[ymdwﬂhthtmi&:mﬂ:ﬂ:lnfﬂﬁ_l;

FIG. 6A is & parspeciive view of an {nfusion PUIp coatey
with the camposite material of FIG, 1;

FIQ. 6B is a perpective view of & tooth ooated witk
composits materia! of FIC. §;

F[G.?isapaapmﬁwviewofamhunrmu
fontophareals infection contml theath;

FIG. B is a perspective view of 8 catheler wily
tomtophoresis infection control introducsr shoath; o

FIG. § is n perspective wicw of an iontophoresis cathele
having s piurality of layered sleclrodes;

¥IG. 10 is 2 perspective viow of gn altctmative cmbodi
ment of an iontophoresls eatheter having a plurality of

FIG. 11 Is a pactial sectional view of the foctophorsis
catheter of FIG. 10.

DETAILED DESCRIFTION OF THE INVEN-
TION

Jontopboretic structures in accardance with the taveatlos
may be divided into two categories: 2 composita materisl
used 1 cosl & medical device. or & plurality of discrete
layered clectrodes placed on the medical device, both of
which cicgovics arc disclosed hereinbelow. The mebeal
device can be a short-tetm, long-term. o permancat fmplant
and includes such dovices s urinary extheters, vascoler
aceest cptheters and intmducer gheaths, fiuid intraduction’
tubing and fittings such as intravencus tubing, utinry drkin-
2ge bags sxd tubing, chest drainugy lwbey, infunsom pumps,
pacing leads, tacheotomy tubes, vemtilation tubca, pos- .
thetic joins, heart valves, wound dressings, orthopedic pait |
or plates, or any other medical device used in an enviroe-
ment o spplicstion whare antibacterial poperties we 8 |
comsidantion. Howover, because urinary cabeters s &=
capecially atisactive applicatian for the io strue-
v, the cnsuing detwiled description ix directed thereid.

mmmwm:ﬁnmofimwpiu!ﬁcm-f
wire for & madical davica, FI10. I illupiralcs aa exemplary

eatheter 10 that uscs the patedsl

iontophoresls pomposiie Z
approsch o kill bacicria. The lontophoresls oathoter 1088 -

tubacantially identical 16 & normal or non-nfection ¢oowo
ling oathoter in that it s & bollow ficxible tube comprisiag 84
elastomeric wall 12 having an joner surfsce 54 sod a0 o
sarface 16, 3 proximal end 18, and a diswl end 20. T
genexally eylindricsl inner surfacs 14 defincs & Jumen 22 O
the passage of fuid. Both the prozimal end 18 snd the dists!
cnd 20 axe provided with one or more opcuings Z6 to alle¥
b fiuid to be introduced or evacuaied from the humen Z-
The distal end 20 is shaped 1o facilitste insention or plect
ment of the s catheier 10 dsto tha body. TP -
iontnpharesie cathetcr 10 may also bo fimed with &

device 28, such ax a balloon fitting, to provent oninten
withdrzwal of the fontaphoresis catheter 10 fram the b037
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catheter 10 of FIQ, 1. taken along the line A-A', thy dcpie‘:s
dciglls of 3 compasite material comprisiog gaivanic maze-
vials, such a metal powdens, in 2 conductive alastomenic
maztrix 30 that distinguizhes the jontophoresic catheter 10
(rom prior an sathaere, The wall 12 of the catheter com-
prisex the conduciive basc material 30, and 2 first end &
second disdmilar meal pawder, 32 and 34 respoctivaly. The
base material 30 1s 2 conductive polymer similar (o thet used
in static-prool bags for packaging scositive electron-
ict in which mcwmmh lvhy(u:‘i;ﬁ ty) §t contvolled to 2
y Its compotition. Exemplary conduc-

dve polyme cag be made from polymers ﬁuﬂu poly-
vinyl, palyester, polyethylenc, palyurethanc, or 2 nammlly
eonductive polyvinylidens finoride. When loaded with car-
ban ar otier conductive fllers, for example, thess polyrcn
ot be mada copductive and thereby wsod ms the buse
materig] 30 for an fomophoresis catheter 10, Excmplary first
and yecond wetal powder combingtions having an electro-
chemical balf-ocll potential differencs jaclude silver and

3

10

15

oM, ¢lver and copper, or sllves gad plainum mixed imo the 20

polymer &t very Jow volume coocentrations peor to cxtm-
sion fabrication of the cathoter 10. Although these
exemplary powdens ace relatively expensive, ey arcused in
such minute quantitics that their usc does not adversely
impact overall cost of the iontophoncsis catherer 10,

For catheter applicstions in which ths dlastomeric wall 12
is extruded, it 13 feasible to make the cutire will 12 from the
composile wmaterial 30, 32, 34. However, Foley cathetcrs
which are typically made of latex and/or wilicone rubber aro
not aztruded, but sro generally dip-cast, and finish-costing in
4 final &ip is & natusal processing step in their manyfacture.
Therefoee, tic catheter 10 can be made by
finish-coating it the composile mawzial 30. 32 M,
Sinee qubber is gruerally iafedor to plastic in terms af

infection rates, ovescosting with a castable plastic is advan. -

tageous in and of itsclf.

Wiicn the composito eathecar 1€ i3 placed in contact with
or immerged in a fuid that is electrolytlc, snch az gallie,
hlood, drug preparations, of urine, the first 20d secoud metat

powders 32, 34 bocome #a gray of small bancrics. SpedS-

cally, each powdered mctal gramile embedded in the bisc
materigl 30 that makes contact with the electeatytic fluid 24
becomes either an snoda or & cathode, depending oe the
particolar metsls choson ax o fisst and second metal

powdars 32, 34 s

Refeming w FIC. 3, a depiction of the fontophoresis affect
created by the compositc material 30, 32, 34 in the cathoter
of FIQ. 2 Iy showr. The firet snd socond metal powders 32,
34 4t @ electrodes and create & vohage potential therebe-
{ween, whoeby electrons 36 migratc through the bese
material 30 and gencyats sa clecwic cusvent. Metal jons 38
7o thog driven (810 the conductive finid 24 by iontopharesis.
The electric curvent §s fegulsied by the queatity and mabrc
of metal powder 32, 34 embedded in the basc material 30
md by the conductivity of the basc material 30, Those
factors am adjusted s0 that the carront and yltionie metal ion
deugities are in 2o efieacions and safe range by use of the

following formnla:
o5 )=+] o)

wherein:
-rhmwlwgmpumilsudmm

(amperes per o),
“p" is the volume resistivity of the conductive basc

materisl 30 (ohm-cm);’

I3 IWT

VA

(4]

6
-*;“If"""wmmm pranule vadivg (crm):
“¥™ it lhe voltage praduced by tha two dizsimilar metals
le:dﬂ’alﬂlnmdmolync fluid; and -

" It the metal pawder volume loading of the
material as a Gmction (ie 0-1). ; o e

With reapect to the sbove focmuia, ths melx! powders arc
assumed 10 be of the same granule tito and of the same
voltimo loading. Iu practicn, thicy do ot have o ba the same
size and volume loading, To achievc a cument density
betweea 10410 107 Astiperes per mam’, which it the deaired
renge to be bacteriostatic or bactericlds! dnd yet oot be so
high a1 to canse pH changes or ather delcterdous manmatian
coll reactions, the following excmplary values can be nied
in the above cquation 0 define the composile matcrial

V), 12 volts (for diver and gold in an NaC3 elecirolys);

=10 e

Pl 5107 ta 1.5x] 0 ohm-cor: and

L=00l,

An fontophorsis catheler 10 incorporating the sbove
deseribed composite material has numerous advantages over
ths prior ant with reapecs to effectivencss, controlibility, and
ezse of use. Foromost, bacierisl pagncy iz maximized
because metal is guarenteed to po into solution xy jons, thus
peiduciog & minimnm ten-fold reduction in bacterial colo-
nization mte. Also, the jontophoresis catheter 10 does not
need an externsl current soorcs or controller bocause the
fortophoresls eurrent i self-generating rad scif-regulating.
Furthermore, becauss the metal powders 32, 34 (electrodes)
xre dispersad Wough the base matexial 3G, and becae the
current leved §s very low, the electrodes arc functional for
maonths of use. There i also no place in the clrenit whers
carrodion of the nlectrodes at the ait/¢loctrolyie inpgrfice can
cause the eatire cutheter (0 become non-functional with
vegurd to its infection raistance. Finally, there is na chasge
in procedute for placing or mainzining the lenteploresis
outhister 10 because it is {n many ways vimually jdentical o
cxisting non-infection control deviesar i aize and shape,

As previously discussed, the compoaite matesial approach
findy resdy spplication ou numerous other medical deviers
where sutibacicrial properics arc desimble. FIG. € i
filustration of the composite materal 30, A1, 38 uied 1o

a paciog toxd 40. The pacing Jead 40 connacts the
heart tssue 1o the coatre]l and monlioriag of 2
cardise pacemalory (ot shows) via a wire 42 and an elec-
trods 44 in tho tasue, The wire 42 it shows covered with the
composite matedial 30, 32, 34, FIG. 5 Is a depiction of the
composite material 30, 32, M nsed with a prosthetic device,
soch =3 m mrtificial Hp joint 46 Tho shaft 48 is ahown
costed with composite matary] 30, 32, 34 and implanted
into & fenmr 50. FIG. A shows sn infusion pump 52 ¢odicd
with the composite muzerixl 30, 32, 34 and coanccicd 10

54 which wuy also be coated. -

The composite materis] 30,32, 34 can slso be coated onlo
» natursl body structare 55, such 84 & tooth, a3 fllusteced o
FIG. 6B. This s sccomplishad by painting the composite
materizl 30, 32, 34 onto the surface 10 be protected whilo the.
base matesis! S0 is in a Hquificd or pofteaed 4iate and then
lettityy tha basa materisl 30 barden. Ia an altemative embodi-
ment the basc material 30 is binary adhcaive, such as 2

e, two-part, conductivo epoxy mix.

- With further regand totathetens, 3 vascular access adé-on
device Dot benofits from tha cemporits material spprosch
for a iontophoratie structure is shown in FIQ, 7, wherein an
prdinary eatheter 56 iv shown fitted with an infectioa coatrol
kit 58 jncorporating the composiic material 30, 32, 34, The

GBE9-ETE-LIY zZZ+-el
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Mmmnmuzsei;mmm.mrm devies which
lucludaslfmhmb!c lontgphoretic infection control siecve
mmmwuamsmw;m
mroximal end morlhcnnmcrﬂwinmm(t.v.}

mm;u.‘rbouamso.m-dcurummmm: 5

composiic masexial 30, 32, 34 slips over the outer gurface i¢
dmm“umwuw,«.mmm
covers ouly & shoit section of the eathoier 56 near fi
plvmmllmdll,whiongmoughmmmbudy

whauamu{mwﬁlmﬁmth:hmphmumg 10

The sleeve 60 thus protects the catheter surface 16 Som
mm'mmw«ammhmau
coxied on the inaer surfaco with the compasite maierial 30,
32, 34 10 protect the {tmer surface 14 of the catheier 56 from
- bacterial colunization
from the inside of the LV. tubc 64. The sleeve 60 it
fabricated from one of tha sbove micrenced conductive base
materials 30; and the Lucr adapter 62 {3 mado of & harder
pinﬁqmchnaayﬁcorpdycmmalmﬂmy

bo configured 10 accommedaic 2 vysiety of AR jizid. %

An adamation of the compositc malcsial sleeve 60 can
ﬁb&_@:ﬂﬁfgmﬂu;mﬁmhﬂﬂmﬁuﬁﬁ.m
v for insedling pulmonury artery (Swan-Ganz or
therroodilution) eathetors, wmporary pacing -leads, elc.,

which may romain In place for 2evers] weeks. Udsder normal 25

clrcumstances, 80 introducer sheath is left in place- with the
cathelcr which it surrounds for a portion of Jis Jeagth,
inchutlng the yogion where the device ponctrtes the skin,
Ioniophoretic introducer sheaths 66 are easily manufacinred
with the composite material spproach becmiee they
predominantly made of polytetrafiuorethylene (Tefloa®),
vioy! (PVC). or polycthylens (PE), materials which can be
toaded with carbon or other conductlve fiflerns or made
coaductive by otber moans known in the 21t and then loaded
as well 48 the firgt and tacond metal powdarg 32, 34,
FIG. 8 shows the {ttroducer sheath 66 used in conjunstion
with x therniodilition catheter 63, Balloon and temperature
sensing cloments, 74 and 75 wspectively, known 1o those
skilled in the art, 1o shows on the distal ead 20. Because the

inside of the troducer sheath 66 {3 ip intimate contect with <6

the outer surface 16 of the clasiomeric wall 12, the Com-
posiic material 30, 32, 34 of the imtroducer shesth 66
protects both the sheath 66 and the ouwer wall 12 of he
thermodiution catheter €8, Like the iontophoresis cutheter

10, and the cathater §6 baving s foatopbotosts infection 4s

controd kit 58, the introducer sheath €6 is vintually identical
in #ize, shape, and use 83 prior st devices,

As dascribed with respect in FIGS, 1-8, varlous embodi-
-merts of the composiic maedal eategory of the lonto.

phoretic strocture for & medical devies have been llustratod. 50

In composite material embodiments, the intcgral power
source for driving oligodynamic metal jons into solution is
the electromotive foroe created by dissimilac metal

32, 34 ewbedded in and sepamated from each other by the

conductive base material 30 of specifically created resixtive 55

“r‘
Referring oow to FIOS. 9-11, & variety of embodiments

of the other catcgory of footophoretic structure {for 8 medicsl
device are shown which incorporaig tho plurality of disereic

Iaycred stuciures. In these cmbodiments = plomlity of @

Igyered structutes comprise dicsimiler galvanic materials
scpuraled by a redstive laycr. Thets structurcs may be

incorporated in sboverecited medical deviges during
manu{RcTore, oF to the surface of the devices 23 ant
allermarket jtem, ’

Refesring 1o FIG. 9 u perspectiva view of an embodiment

of an fontopborcsia catheter 70 is shown, wheseln the

g down 10 the catheter 56 15

ac 30

B

oligodynamic funusphoresis efcct &5 achicved using 5
rﬂlﬁyafhyammmnmmﬂnhmuw‘;‘fm’:l:
the outer smrface 16, or both of & pon-conducuve wall 12,
Th:hya:dumumﬁ..whil:dcp{whamu;
configuration can be any shapc, such =s oval or

FIG. 10 depicis an alizmstive configuration of the jomp.
annmm.wwdnmmmuyerm&wm

Utwﬂlllmdlwibndmuftbehyﬂndluwmf
o =
to FIG. 11, 1 panial crony seetios of the lono.
M:mvodma.lommms-a-um,
whartin the Ixyened structures 72 oo bands adhared to the -
mmmummmuofmmnm
laycred electmde 72 compriscs & first mets) clectrode 76, 3
resiative Layer 78, wnd a eocond metal clectrode 80. At with
the iontopharesiy catheter 10 of FIG. 1, the metals are
blocompatible and foom an eloctrical potential dlffarence
betwoen them o 28 electrolytic fluld. Wheress, fo the
ientophocesis catheter 10 of FIG. 1 the conductive (resistive)
mmmmmmwmﬂwhumlhcﬁm
and second metals 32, 4, o this combodiment the (conduc-
tive) reststive layer 78 regulatag the current fow between the
disgimilar rocoals of the firxt and scennd eloctroder 76, 80,

For the jontophosesis catheter 70 of FIGS. § and 10,
whearein the first and second wetal elecirodes 76, 80 of the
Ieyered structures 72 have & 1 volt potentizl between them,
o current density of 107" Ampercs per mun” result {f the
thickness of the resistive layer 78 iz approximaely 10
micrometent gad has & bulk conductivity of 10" Ohm-om
and the exposed ares of cack of the tlextrodes 76, 80 in the
layered stroctures 72 is the same. Typioal combiaations of
metals used for the fitat and second metal clectrodes 76, 80
generate between 0.1 10 2 Volis, Therofore, the thicknesg of
the sbove described resistivo layer 78 can be between | and
20 esletoehatcrs. Muny othés combinations of éonductivity
204 thickness for the registve layer 78 are possible to obtain
the target current density.

Although Ui invention has becu shown and descrited
with respect to embodiments thereof, vacious
other changes, omiwrlons and additions in form and desil
thercof may ba made thercin without departing from the
spirit and scope of the inveation.

[ clzin;

1. An jontophorctic snsctire comprising:

& first matedal having u frat galvanie electrical polentiali

2 sooond material having & second galvanic eleciical

potential and & conductive polymer $¢parating sxid first
material from sald scoond materdal, said m;:imw
polymar having a predetermined resigtivity and coo-
tolling 2 curent fow between said Brit
material xod said socond matcrial when said ionto-
phoretic strucnoe it in contact with #a electrolytic
fluld,

2. The ivmophoretle structure of claim 1. wherein said
ficst materlal comprites silver and said second matcisl
comprises fold. :

lmwmofdm 1, wherein ssid
first malerfal compriscs silver and safd sccond matedal
MWWL

4. The lomtopharctic stacture of claim 1, wherein ssid
firt matcrial compeises silver and said second mataris!

5. ‘The lonlophoreti¢ tructre of elaims I, whmnd:}
conductive polymer is chozen from the group conslsting
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= 2 g polyvinyl, palyesier, palysthylene, polyurethanc, and poly.
¢4, vinyldenc,
112 €. The ivntophoretic strucmre of claim ), wherein gald
areulr ¢ frst maerial includes 8 first metal powder sod sald scoond
ey " ptenial jocludes & sceond metal . said first and gand
he ionio- §  sccood metal powders embedded in swid conductive poly-
!dfh'uc- ;] ey,
matively, 7. An iontophoresis catheter comprising:
gitudinal 1 clasomeric cylindrical wall heving &n outer wall
mﬁm‘? turface and an inner wall surface, swid inmer wall
';!«m‘:c surfluce defming & Jumen for a finid, aod a
; dmllmdmdnpm:mimd,mhmdmdpmu
Aelome | lcast one opening to permit inmodustion or evacuation
(¢ thowrn. { of said Buld from sald lumen, sald wall comprising a
xd W the first mazerial having a firgt galvanic electrical potential
12. Eack snd = second material having a second gabvamc cloc-
ods 76, 2 trical potential, sgid firsl and secomd materials sepa.
L Az with rated by a conductive polymer baving & predetermined
wials are “:hdvﬁ, for coatrslling 2 coment flow Produced
Hfference between snid first malesial snd eald seeond material
%, in the when gaid fontophoresis extheter i3 in cootaet with an
{resistive) clearolytic fuid.
= the first 8. The ioniophomsis catseter of claim 7, whercin ssid fisst
“foondac- | erial compriscs silver and said second maenisl com-
mmiauw. prises gold.
;’-’o&ﬁ 9, The lontophoresis catheter of claim 7, whevein said firmt
80 of e | Maerial comprises allver and said second malcsal com-
prisex platinum,
zm ln.'lr,bemmhmcmwhdaofdllm'? wherein said
waialy 10 | A matcrial comprites silver and sl scoond mtcrial
m 11. The iontopharcsis catheter of cladim 7, whersin aid
b § conductive polymer it chases from the group consiating of
¢.20 | wolyvinyl, polyurethanc. polycuicr, polyethylcac, and poly-
“~kness of
1] and
mﬂﬂﬁﬁﬂ
& 1 ohtain
desexfbed
of, varlous
and detail
+ from the
| poteatial; !

H O

H

n.g- ﬂ-a-
b %ﬁ;

e

S LT TP,

i

10

12. The iontophomsic catheter of clafm 7, wherein gaid
first material compriscs a it metal powdcr, 8id second
malerial comprises a second metal powder, and said wall
comprises said conductive pulymer, sefd first and gald
aeqond mete) powdE? dmbedded in 2ald eonductive polymer,
whercin ssid conductive polytar controls 8 cument fow
produced between sald first metal powder and s2id scoond
metal powder.

13. The jomophotesis catheter of clxim 12, whercin sald
first and second metal powiies, and said conductive polymer
compisc a composite materlal exeruded 1o form at leaxt part
of sald cylindrical aladtomeric wall.

14, Tho iontophoresna catheter of claim 12 wherrin said
first and second metal powder, and sxid condoctive polymer
compries 3 liquified eomposite material inlo which gald
qhndnﬂldmwaﬂhd)yncdmfmnwmpnm
coalng.

15. Anhmnptmed:whauwmg'

an clastomeric cylindrical wall baving an outer wall

surface and an' Ineer wall sudface gid inner wall

surface defining a lumen for contsining 2 fnid, and a
distal end and 2 prooimal end, exch said end having at
lesst one opealng to permit introduction or evacuation
of sald fiuid frons exid Jumen, said elastomeric cylin-
dfical wall comprising 2 first weta) powder and &
second metal powder embedded In a conductive paly-
mer having a predidenmined resistivity for controlliog 3
current flow produced belween 12id first and second
metal powder when aaid iontophoresis catheter is con-
tact with an electralytic fiuid

coca_c76-1TQ 77Z7T
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1
IORNTOPHORETIC STRUCTURE FOR MEDICAL
DEVICES

FIELD OF THE INVENTION
The invention reiries to oligadynamic iont
and more particularly to an electrically coaductive

structure for medical devices that reduses or eliminates

ha_u::il.l ul{emm by klling bacieria with controlled
cligodynamic iontephoresis,
BACKGROUND OF THE INVENTION

Oligodynamic metals, such as silver, are effective in
minute quantities as bacteriostats and bactericides. The

most setive form of these oligodynamic mesals i as fons 15

in solution. While the precise nature of the hactericidal
d!bclknnkmkkbdiﬂmmmmmﬂw
function of the cell membrane or linking 10 the cells
DNA 1o diseupt cell function. The baatericidal sctiaa k

eflective against & brosd spectrem of bacteria, ineluding 20

ol of the common strains which cause infection. When
these metals are ueed io the minute concentrations se-
quired fo kill or siem the grawth of bacteris, they do
::;jhxvemydcuwu‘ ta! cffect on normal mammaliss
< )
Silver is nsed routingly in antibscteria] salves, such as
silver sulfadisxine, and has aleo been used it clinical
trials {0 cost gauze for burn dressings. Medical devices,
such a5 catheters, with diver impregasted in a saluble

collagen or polymer costing are also known. After X

these catheters arc placed, the coating slowly dissolves

and the gilver is relessed over time into the eaviron-

ment. The {nfection wates with these products ar re-
poned 1 be two to four times Jower than stendard
catheters, -

One catheter that uscs silver as ar antibactcrisl agent
b bad oqily limited swores bocause the device, conis-
ing of » silver impregnated collagen ouff whick is in-
serted just below the skin, is difficult 1o place carveetly.
The cufl is lso capensive, increasing the casr of a cen-
tral venous catheter shmont three-fold, Other eathetesc
for reducing infecoon rates use well known
oiost of them varying only in the type and solubility of
the gliver or silveralloy couting,

Many of the ptior ast catheters that use oligodyasmic 45

metals &s bucteriostats fail 1o adequately prevens infoc-
tion for one or more of the following rexsons: 1) Sliver
released from soluble coatings is not always in the same
charge state and ofien is not charged ar gll, thercfore fts

bectericidsl potential bk sot optimized; 2) With soluble- 50

coaled cathaters, ance the coming dissolves, wsumlly
over abaut two weekt there is no forther antibacterial
protection; 3) A pon-soluble silver, stiver alloy or sitvar-
oxlde

released into the soryounding fiuld or desue; 4) Due to
the snbsiantial chenge in the catheter placement proce-
durg, the wie of these catheters requices ndditlondl pér-
sonne] training: aod 5) Although tafecrion can enter the

body through elther the iaterior or the exterior of the &

cathetet, 0ot &l catherers provide both faterioe and
exterior protection. Furthermore, datphie the capability
of silver-aliny coased devioes 1 produce a two to four
fold reduction in bacterial colosization, thelr high coa
greatly detreets from their modest capabilities.
Roscarch from the 19707 oaward hes beoen directed
toward improving the antibacterial effects of oligody-
namic metals by electrically injocting the metal lons laws

ophoresis,

coaling can prevent colonization of the cathatsr.
to a [lmited extent, but the oligodynamie metal is act 53
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$olution. This process, known as oligodynamic ioate-
phoresis, i3 capable of reducing bacterial colonizstion
filicen 1o one-hundrad fold, Yontophoresis desaribes the

relers v the forcing of sons into a conductive fuia
cnvironment using minvle elestric currents, Fos cxam.
ple. if two electrodes made of 8 matal, such as gilver, are
miroduced into a conductive medivm, such & galine,

10 biuodnrntingudndmﬁu!pmmudhlppliad
+ 86108k the electrodes, titver jons are drives inte wolution

wmmwm The current
required 1o safely drive a suflicicat amount of wiiver ions
tto salution (0 contro] infection i in the mage of | to
400 gves. This current sange docy pot cause
locatized cellifioorosis and it is bolow tha EATIEOFY Or
H;mw- %

e ils great powsntial, the oligodynamic iomio-
phoreeit phegomenon bas found Limited use in conjage-
mmwmdm;humwm ;
albctcuhvemn!dwnimﬂexpﬂimmﬂ. With

‘respect 1o Foley catheters, researchers have ddentified

severel deficiencies in prior art devioer. Foremast i
that the electrodes used (0 foree ioas into solution wear
out, or cosrode. at the interface betwecn alr and the
conductive medinm, This problan probably slso arises
in blood or zaline environments as well a5 wrinc. Other
significant drawbacks with prior an lontophoretic de-
vices fnclude bulicy, cxrrent-controlied power sources
clectrode configura:
tioms that do not protect bath the outside and the inside
of the catheter; and manufpstiuring proosssas thae sie
labor imensve.

Az examiple of an infection control eetheter that uses
scpwrale electrodes oo the catheter snd an externsl
power supply to drive ious into solution is U.S, Pat. No.
4,411,648 to Davix: Other prior art oligodynzmic fonto.
phoresit devioas do not-use extemnal power supplies.
For example, US. Pat No. 4836505 10 Haynes,.
teaches placing two metals fu dircet physical contact to
produce electrical ‘cutrents. The currmtz produced,
however, are likely to be (oo large 1o ba sefcly nted gnd
possibly will altar the pif of the eavironment. In Ger-
man Petent Document DE 3,830,359, two dissimilar
metal powders nat in elecurical contact with each other
arn embadded in 2 moncondnctive eatheter material,
such &s electrically insulating polymers. Because of the
sepxration of disdmiler metals by as nsuintor, it is oot
Ekely that there is any iomophovests effect ko this dovics
as & resalt of a potntial being cycated by the dissimilar
metals, except for the possinllity of when » binfilm
forms oa the eatheter sorfice 1o compleie the ciretit,
Wmuwmmhmmww.
the curremt density would not be regulated or predict.
abie, 2nd the current produced therefore oould be either
too high W be safe ar too low to be clfective,

An oligedynamic icolophoresis aatheter which uses
the propervics of motals w generate a current and (o
form. an fon barrier for klling bacteria at & localized
bogdy eatry Is disclosed in US. Pat No. 4,569,673 w0
Ted Tesd teaches placing 2 sttip of an ol
metal o & pogvonsductive substrate, The oligodynamic
metal eets as 2 sacrificlal galvanic anode und glves off
ions when placed in comductive contact with = dissimi-
tac nctal by placing iz catheier in an electrolytic zolus
tion. Because the conductivity and pH of ueine, for
example, varics Over tite within the game person, as
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well ag from indivigual (o individual, it would be ea- ‘
tremely l_hmﬂl!t to sahicve & specific current density at DESCRIPTION OF THE DRAWINGS
a given time wlll.: m'pmdsim or I?redicuwity_ Addi. TﬁE‘hVﬂ!ﬁm wil] b mare fully uaderstood from the
Vionally, the Teti device oaly provides loculized tafec.  following dewiled description taken in conjunciion
1iot control 3 with the sccompanying drawings in which:

Thus none of (bese devices fulfll! the promise held FIG. 1 &5 a perspestive view af an lontophosesis cath-
out by oligadynsmic ioatophoresis for reducing infec- S cOMporating & composite material comprising

ok b . & ph meulmv_uﬂmhamwvechnamcﬁcmuix;
guierm ingueliing medical dovices. F1Q, 2 is u partial sectional view of the iontapharesis
SUMMARY OF THE INVENTION 10 cutheter of FIG. L

+» FI0.3 k2 depi of the jontophoresis -

s o i e e L Y B ST
imfection associated with proloaged medica] dovice wimuic:-:poaum:;wor;:ra?x— i
implantation ia the body. Specifically, the laventioa &t {5 FIG, § i u perspoctive view of an artificial hip joint
directed toward mecting performance gosls of general pastislly peated with the composlis material of FIG, 1.
antibacteria gffectiveness minimal electrode corrosion; FIG. €A is a perspective view of an infusion pump
preaise control of electrical suerent; portability of the  Gowied with the composite maresial of FIG. 1
curvent saurce; and ene of mesufaciare. These perfor- FIG. 6B i« a perspective view of 2 tooth costed with
miance fequirements et be readily nddrassed by & sums- 20 the comporite matetial of FIG. 1; :
ber of mﬂhv:m in which & controlled elestrical mﬁﬂ' 'mwﬂ:’;&“m with @
current drives oligodynsayic metal Jons into eolution to ;mm . i
ﬂ;uhmmmqunmmmmm h?wh;:a'mmhﬁéml&z& -

ik ExSoCROEIK, s IopRrEa SR K0S gy 9S04 peractive Viowof sn e il
medical device includes a first and second galvanic cter having s plorality of layered electrades:
mrmn'lnpmwdhy-mvemw. ?‘Whﬂ"ﬂ FIG. 10 ks ¢ porpective view of an alterative em-
Placed in conuct with an electrolytic solution creales 2 pogiment of an lantophoresis catheter having a plurality
current flow which injects enti-bacterisl aligodynamic of lsyered electrodes mrreaged in pirips; and

ezl jons inta the solutlan. © 30 PIG. 11 » partisl sectiona? view of the ontophore-
hmﬂaﬂmbodimnmmmnma sis catheter of FIG. 10. i
first and » sccond galvanic material sepernied by resls- DETAILED DESCRIPTION OF THE

tive material which conurols s current flow betwesn the INVENTION
galvanic materisls when the elastomer is immevsod inan :
elestralytic fiuid. The fisst and secand galvesic mater- 35 Tontophoratic structures in accordance with the in-
als can be metal powders i a condective polymer tha ?enﬁmmhediﬂﬂdmio!\‘muhgﬂﬁu:lmpw-
forms s composite materis] which may be dipoosted  ito material wsed (0 Cost 2 medical devire, or 2 plurality
over a8 existing cathater or extrnded 10 form the cathe.  ©f discrete layered eleotrodes placed on the madical
ter itself, Alternstively, the palvanic materials can be |, device, bath of which cutegories asc disclosed hereinbe-
counfigured In layered stnciores, wherein esch roets] 40 m.mmmﬁmxmbwuﬁ
layer & separated from the other by & vesistive layer. fm mmd"mh"
mhyawmﬂfuﬁwc?'mmfmof&e cer sheaths, fivid ntroduction tubing ead Gitings mmck
catheter where astibacierial action is desired. as intravenous tubing, urinary drainage bogs and fubing,
In ssother smbodiment, two dissimilar metal pow- 44 chiest drinage whcs, taflusion pumps, pactag leads, tea-
ders embedded in & coaductive polysier substrate o chaotomy tubes, ventilation tubes, prosthetic joiats,
atc an infection controt sleave (hat covers an ondinaty  heayt valves, wound dressings, osthopedic pins or
catheter. When the sigove ks ploced in an cectrolytic  plates, or any other medical device used bn an environ-

"{luid 10 complate & circuit between the metal powders,  ment or application wherc sati-becterial propestios are a

metsl jons are driven into solution whete they bave as 30 courideration, However, because whinary catheters arc

sntibectorial effect. This ewbodiment is also mseful ss 3 At wwpecially aticuctive application for the komiopho-

catheter introducer sheath. : refic structures, the ensaing detalled description s di-
: f

In yot another embordhncnt, o method I provided for Wmﬁm o i it o il

. I fical device satfbacierial iontopho:
grvhg_ln e z §$ stroctone for & medics! devics, FIG. 3 illustrates an
jostophotesis catheter 10 that usee the com-

tore can b either a coating including two dissimilar et catticter A0 I Bl imiCend] ths mmestiia! oF
metal powders In 2 oonductive polymer RIbSIOIE. 078 0 conicn costruliing cetheter o that it & & bollow
layesed $tructare havisg two distimilar metal layers o o), yuba comprising an clastomesia wall 12 baving
weparated by & cosductive layer. . ' 83 innor sarfsce 14 and an outer susfsce 16, a proximal
"In et} another embodiment, & method it provided for end 18, and & dittal end 20, The genennlly oylindrical
protecting & aatural body structure with an lontopho-  jnner gycface 14 defines 3 lumen 22 for the passage of
retic structure comprising two dittimilar metsl powders  f1uid Both the proximal end 18 and the distal end 70 sre
in a conductive base material. The iontophoretic struce g5 provided with one or more 2£ 1o allow the
ture s painted onto the body strecture when the base  figid to be totrogduced or evacoated (rom the lumen 22,
tmaterial is in # soficned or uncured state The base  The distal end 20 is shaped to facllitate Insertion or
mateniel & then allowed to harden or cure. plsccment of the loaiophoresis catheter 10 into the

A .

- falalol o BN ot 4 of PN

—— e
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body. The iontophoresis catheter 10 may alto be fik
;flth . ,lﬂﬁ::: device 28, such ac a hd{om ﬂll.iu;:::
revent @ tiona] withdrawal of the AME ._Em_"
catheter 10 from the body. R ‘( ﬁ.,"f )'1%""[ 22 = 1 ]
Ha.zblpumlmiommwonhcianwm 5 :
dap{mmﬂdm fl'i|l' l":_ICI. 1, tken along the line A-A’, that  wharein:
i ciails ol & compasite material comprising gal- I i | i
:m . mu::ﬁalat‘;:uui g pmu:u:i“ l‘ ': the lopl:lr 2:;;3: cumTent par unit surface grea
lastowmerio t distinguishes the lantaphors- " i y fosistivi cond
xeuumer 10 fto::l::iu art catheters. The wal] 12 of 10 Pm:crt?:l :Imﬂnk s G e
catheter comp m_emndncﬁnhumuﬁlﬁ. * "r" s the average wotel powd rediuz .
Matwﬂawdwwm.um "V'hth:wlug: mm%"ﬁﬁo dng:nm;;

6

34 respestively. The base material 30 ks a conductive metals powders electrolyie

1 e 32, 34 in the ;

polymcrmihrtothuuedwunwwmr 'L“hmcnudwuwlmehdh;ofﬂﬁ;:
chargosensitive elecironics in which e 15 material as & fraction (ic 0-1).

packaging
conductivity (resistivity) is controlisd 10 3 prexieter- With y'ia the above
mvﬁuwlumodthu&mm dmmﬂ w%dmmu:mﬁﬁ:’g:i
polymers cxn be made from polymers mclading polyvi- the same volume loading. In practice, they do not have
nyl, polyester, polyethylene, of a asturally conduative to be the pame gize and voleme loading. To schieve g
polyvinylidene fuoride. When losded with carbon of ® carrent density between 105 10 10— Amperes. per
other conductive fillers, for example, these polymers  mm?, whish is the desired range 10 be bacteristtatic or
can be made conductive and thereby used as the base bactericidal and yet not be 50 high as to cause pH
nnmmfmuwmmmw changes or other deleterious mammalian cell resstions,
Just and sccond metal powder combinstions having en 45 e following exemplary values ean be used in the above
c}colrochenﬂnl half-cell patentinl difference inelude CquAtion to:d‘m:dacmm;m&cwwid specifications:
silver and gold. siiver and copper, or sllver and plati- V=0.12 vaolis (for silver and gold in an NaCl electro-
num mixed into the polymer at very fow volome con-  Iyte); .
centratons prior to exreusion {sbhricstion of thacompos- 1w [0=cmy;
ite catheter 10. Although these cxomplery powders 8¢ 5y p=1.5%10%t0 1.5X 104 chmecm; and
relatively expeusive, they are used in such minute quan- L={.01.
tities that tyarmdogamadvmeumm An iontophoresis satheter 10 incorporating the sbove
cast of the iontophoresis catheter X0, described composite material has aumenous adventages
For catheter applications in which the elastomenic  over the prior ant with fespett 1o effectiveness, control-
wall 12 js exiruded, it is feasible 10 make the entire wall 5 lability, and eass of wic, Foremost, bacterial potency ks
12 from the compotite material 30, 32, 34, However, *  muximized becsuse mctal i guarantéed 20 go into solu-
Foley exthetery which are typleally mads of lstéx and-  tion az jonx, thus producing & minimum tea-fold reduc-
/¢r silicone rubber are nor axtruded, bot are generslly  tion in bacterial eolonizstion mte. Also, the inntophore-
dip-cast, and finish-coating in 4 floal dip Is & aatoral sis catheser 10 doce not nocd en extornal CUINERT SOUCE
procescing stcp i thelr menwfacture. Therelfore, the g or comtrolier betavse the iontophoresis coyrent is acll-
fontopharesis catheter 10 can be made by fimich-comting ~ gpenerating and self-regulating. Furthermare, becsuse
it with the compoxite material 30, 32, 34. Since rubberds  the metal powders 32, 34 (electrodes) are disporsod
generally inferior to plastic in terms of fnfoction rates, throagh the base material 30, and becstse the ounent
ovarcosting with a castable plistic is advmslageom in~ level & very low, the dectrodes are fonctiomal for
and of jueil. N ' 45 months of wse. There ix also no place in the clreuit
When the composite catheter 10 & placed in comtact  whore corrosioa of the electrodes mt the air/electrolyts
with of immersed in & (luid that is clectrolytie, such a2 {ntecfacs can eause the entire catheter Lo bocote toa-
safine, blood, drug preparations, o wrine, the first sad  functionsl with yegard to its infection resistance. Fie
second metal powders 32, 34 botoure an arysy of mmall  nally, there & wo change in procedure for plascing or
hatieries. Specifically, cach powdered metal gramide ¢ maintaining the lontophoresis catheter 10 becguse itisin
embedded i the hese muterial 30 that makes coftast  Many ways vinually ideaticel 0 existing non-infection
with the clectrolytic fluld 24 becomes eithes sn anode  cowtrol devioes i siee and thupe.

or p cathode, depanding on the particyder metals choscn i
s the first and second metal powders 32, 34. proach fuds ready application on numerous other medi-
Referring to FIQ. 3, a depiction of the resis 55 cal dovices whore antibecterial propettics are deslralde,
effect craated by the compotite material 30,32, 34 inthe  FIG, 4 ke an Blustration of the composite material 30, 32,
catheter of FIG. 2 is shown. The first and second metsl 34 vsed to protect & pecing lesd 40, The pasiag lead 40
powders 32, 34 act 23 clecurodes and creats & voltsge  conneces the basnt tissue 1o the coatrol rnd monitoring
potential thercbetween, whereby electrons 36 migrate  apparatus of & cardiss peommaker (not thown) via o
through the base material 30 and generste an electric 0 wire 42 and an electrode 44 in the tissue. The wire 42 s
current. Meta] ions 38 are thus drives into the conduc-  shown covered with the conrpositc matcral 30, 32, 34,
tive fluid 24 by iontophoresis. The cloouic ownrent s P10, § s a depiction of the composite material 30, 32, 34
reguitted by the quantity and nature of metal powder  used with & prosthetic device, such as an mriificial kip
32, 34 cmbodded in the base materisl 30 and by the  jolnt 46 The shalt 48 i ghown costed with composite
conductivity of the base matcrin! 30. Those factors sre 65 material 3, 32, 34 snd implanted inso & femur 50, FIG.
adjusted 30 that the carrent and ultimate metal lon den- €A thows an infuslos pump 52 coated with the
sitics are in a efficacious 2nd salc range by use of the  Kematerial 30, 37, 34 and connested to tubing 54 which

following formula: N may gleo be coated.

——————— P e e e Y
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The compoute material 30, 32, M cas also be coated
onto = patwral body structure 55, such as a weoth, as
fllustrated ig FIG. $B. Thiz k accomplished by painting
the composite material 30, 32. 3¢ onta the surface to be

protected While the base material 30 is in 2 figuified or 5

softencd state zad then letting the bas material 30
h.-.rt_ieu..ln an lltm_ullvt embodiment the bgs matarial
Jﬂsbzp:ryzdhmvc.m-anuulrﬂa.twm
conductive cpoRy tnis,

With further regard to catheters, a vasculsr acoess 10

-dd-ondevlcethumeﬁufmmmmc' muterial
approach for an jontophoretic structure it shows in
F1G. 7, whercin aq ordinary catheter 56 is shown fitted
with ar infection contro! kit 58 incarparating the cam-

posite material 30, 32, 34. The infection enontrol kit 55 i 35

an sficr-marker device which inciudes u replacesble

8

jontophorziic structure for a medical devioe have been
illustrated. In composite material embodiments, ghe
gnlegul power eource for driving oligodyasmic maug]
ons into solutlon ts the electromotive foree created by
dissimilar ssetal powders 32, 34 cmbedded Iy and 3&pa.
fawed from gach other by the conductive base rasterisl
30 of specifically created resistivity,

g Row 0 FIGS. $~11, a varicty of embodi-
ments of the other category of iontophoretic structure
forsnwa!devhemshownwbiuh tc the
pluraltity of discrete layered giructures. In these embodi-
shicats & pluratity of layered structeres comprise ditsimi-
lar galvanic materisls separated by & resistive fayer.
These structures may b¢ incorporated in the sbove-
recited medical devices during mannfastare, or adhered
w the surface of the devices &t a Bficrmarket ficm,

oontophoretic infection cortrol eletve 60 and sndoato- Refesting 1o FIG, 92 view of bodi-
phoretic Luer adaptor 62 for connecting the proximal ment of gn iontophorcsis v‘;ﬂhnhuw:,nmm
cnd 18 of the cathcler $6 to intravenous (LV.) tubing 64, the aligodynusmic eftect is achieved pslag

The sleeve 60, mads of ar casted with the compasite 20 2 plunality of layered Siructures 72 on elther the inner
mmhl&ﬁ.n.lfdipummom«mﬁmnoflhc surlpcr 14, tha outer susfece 16, or both of 2 non-con-
catheter 56 to be inscrted the body. The sleeve 60 cov- dontive wall 1Z. The layered structuvcs T2, while dés
ers oaly 8 short seetion of the eatheter 56 near ity proxle  picted in » circalar coafiguration can be any shape, such
mal cud 18, but is long enough ta enter the body s oval or aquare. .
wherein moisture will activate the lontophoresis pro- 23 FIG.. 10 depicts an altemative configunation of the
cesx. The sleeve 60 thus protects the cutheter pwrface 16 iontophorests catheter T0, wherein the plurality of lay-
from infection. The Luer adspior 62 may also be made  ¢red structares 72 are bands that survound the wall 12.
of ar conted on the inscr surface with the composite Alterngtively. the Inyered structures 92 can be 8 plural-
material 30, 32, 3 1o protect the inner surface [ ol the ity of Jongitudinal strfps. The embodiments of FIGS, ¢
cutheter 56 from bacterial colonization progrening X and 10 permit scleotive placement of 5 layered structaré
down 10 the cathcter 36 from the inside of the LV, tube 72 on an fsnisted region of the wall 12, or distribution of
é4. The sleeve 60 is fabricated from one of the above  the layered structures 72 on the catirs wall 12,
refcronced conductive base materials 30; and the Luer Referring to FIG, 1L & partal cyoms soolion of the
sdaptor 62 is madc of a harder plastic, such as acrylic or extheter 70 of F1G. 10 along the line B-B'
polycarbousic The sleeve 80 may be configurnd to 38 is shows, whercin the layered structurcs 72 ara hands
accommadate a variety of catheter sizes. adbered to the inner surface 1€ and outer surfece 16 of
An adsptation of the composite material sleeve 60 can the wall 12. Bach layered clectrade 72 comprises g first
also be configured as a catheter introducer sheath €6,  mets! alectrode 76, a resisve layer 78, and & sacond
shown ia FIG. 8, for inserting pulmonary artery (Swan-  meos] aleoteode B0, Ax with the iontophoresis cxtheter
Ganz or thennodilution) catheters, temporary pacing 40 10 of FIG. 1, the metals are biocompatible and form an
leads, etc, which may remain ia place for scverst  alactricnl pocential dillorence betweon them bn an olec-
wocks, Unde pormal circumstances, an introducer fluid, Whereas, in the ionlophoresis eatheter 10
sheath is left in plare with the catheter which it mire  of FIG, 1 the conductive (reiztive) base saaterial 30
tounds for & portion of it leagth, including the region  regulstes the curret flow between the firt 208 gocond
where the device penetrates the skin lomtopboretic 43 metals 32, 34, In this coabodiment the (conductive) resis-
intraducer sheaths 66 wu easily menufactured with the  tive layer 78 regulates the cuerent flow between the
compositc material approach becsuse they are predomi-  dissimilar metals of the first 2nd second eloctrodes 76,
manlly made of polytesraflvorethylene (Tefln@®), 60,
vinyl (PVQ), or polysthylenc (PE), matcriglt which can For the iontophoresis catheter 70 of FIQS, 9 and 40,
be loaded with carbon of ¢ther condective fitlery or 30 whersla the first and secoad metal elecirodes 76, B0 of
made conductive by other means known in the art and  the layered strectures 72 bave 5 1 volt potcotie] bes
then loaded x5 well 83 the first and secund metel powe  tween them, & enrvent density of 10~ Amperes per
derz 32, 34, sornd ywmitles §F the thickness of the resictive layer 78 s
FIG. 4 xhowy the introducer sheath 66 ued in cone  approzimsiely 10 micrometers and khas a bulk coaduc.
Junction with a theemoditution cmbewr 68, Balloon and 33 tivity of 101 Ohm-can and the exposed ares of each of
temperkiwe seniing elements, M sod 75 sespectively,  the electrodes 76, $0 In the layered steustures 72 & the
kaiswn to those skilled in the art, aroshown on thadists]l  game, Typleal commbinations of metals used for the firn
end 20. Because the inside of the introducer sheath 665 and secosd metal electrodes 76, 80 generato botween 0.1
in intimate contsct with the gutey sirface 16 af the 10 I Vol Therefore, the thickness of the above de-
elsstomeric wall 12, the composite mutctial 30, 32, 34 of 60 scribed resistive layer 78 can be between | and 20 mi-
the introducer shesth 66 protects both thesheath 66 gnd =~ crometers, Many oihter combinations of comndustivity
the outer wall 12 of the themmodilution eatheter 68.  and thickness for the resistive layer 78 are possiblc to
Like the iontophoresic catheter 10, and the catheier 56 obtain the target cutrent density.
haviag &n iontopboresis infection control kit 54, the Although the invention has been shown and de-
introducer sheath 66 is virtually identical in size, shape, 65 scribed with repest 10 exemplary cmbodiments
snd uge as prior ant devices thereof, varions Gther changet, omissions and additions
Ay described with respect (o FIGS. 1-8, various e« i form and detail thereof muny be made thevein without
bodiments of the m\mllu'h! category of the  departing from the spirit snd scope of the inventon.
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1 claim:
1. A mcthod of providing sntibscierial protecting f
an implantable modics! device comprising; %

salecting & medicsl device having » surface that I
exposed 10 bodily fluids when said medical device s
is implented within s body;

plecing sn iontophoretic structure on at jeast » por-
::’ln of said surfuce, zaid lontopharetic swyucture

x forxt plurslity of metal particles havisg & firs: o
vanic eloctrical i i e

10 -

gnlv_uic material incloding a first plurality of meg
particlcs, said second gaivanis material Includitig u ean.
ond plurality of metal particles, said first and said see,
ond plunlity of metal pasticles erbedded In sald aon.
condactive polymer loaded with tald conduotive mate-
rial, comprising the stept of: )

appiying said loatephorciic structure in a pre-cared

suate to sid gatural body structure: and
allowing aid ioatophopetic structire to cure,
4. The method of claim 3, wharein said non-condoe.

Give polymer Josded with a conductive material in-
adhesive.

PoOtential,
& second plurality af metal particles having & second ~cludes & binary

gulvanic electrical potential, and

3. The method of olsim 3, whensin zald body giruc-

¢ non-conductive polymer losded with & conductive tore s & tooth

umcri:lumﬁuguldﬁmplnnmyofwm 15
ticles from sald sccond plurality of meial particles,
said conductive material providing sxid non-cou-
ductive polymer with a predetermined resistivity
famuuﬂmamtﬂowpmdwdbﬂm
2aid first plurality of metsl particles and said sec- 20
ond plurality of mets! particles when said oato-
phoretic structurs i in contact with an elertralytic
fluid; ansd

implanting xeid medical device within said body.

1 A method of providing antibsctaria! protection far 25

sn implentable medical devies ising:

selecting @ medical devica having s surface that is
exposed to bodily fluide when said medicsl devies
is implanted within & body: ’

placing an ionfophoretic structure on a1 leas 3 par. 30
tion of said surface zald iootophoretic structore

& first metal layer having s first gaivanic electrical
potental,

a second metal layer having 2 sccond galvanic electri- 38
cal potenatlsl, and .

2 non-sonductive polymer loaded with a condsctive
material ing said first mets] laysr from said

§. A wethod of providiag sntibacterial protection for

an lesplantsblle medicx! device comprisiog:

sclecting s medical device having u surface that I
exposed ¢0 badily fliids when xaid medical devicr
is anplanted within & body;

phdn;mkmophomlcmmum:pm-
Uion of sald surfacr, maid fontophorstio structure

incinding, ) )

8 firet pineatity of metal particles having o first gal-
vaaic electrical potential,

& second plurality of metal particles having a second

an inhereatly conductive polymer scparating .sald
fist plunality of metal particles from xaid second
plozality of metal pasticles, xaid inherently conduc- -
tve polymes baving a predetermined resistivity for
controlliag & corrent flow produced between st
firyt plueality of meia! particles and said second
plurality ol metal partioles when said i
struceure & in contact with an elentrolytie fluid:

snd .
implanting sald medical dovice within said body.
7 A method of protecting a natural body structure

second metal layer, conduative material wﬁnmmhumMudaﬂngnﬂ,m;ﬂ—
mhgummﬁ:u;wmﬂammmmmmwnmammm-m
tesmined resistivity for controlling & current flow  Salvasic material having a second electrical potential,
produced between said first mets] lsyer and sald  #ad an inhereatly conductive polymer separsting said
second wetal layer whes said lontophoretic struc- fn;ﬂmﬂwﬂ&mmww:mﬂcwe-
ture is in contact with an electralytic fluid; and siad, gald jaherently conductive polymer baving & prede-
mplanting ¢4iS medical device within said body. uwmmmmgmmmm
3. A mcthod of protecting a nature! body stmactore dioded between sald first galvenic material and
with an iontapbaretic structure including a firet gal. mdplvuhmﬂvhmddhmaphmm
vanic material bving s fing alactrical poteatial, 8 ¢ce-  ture & in cootact with as clectrolytic fluid, ssid first
m;mﬂm.mwm gaivenic material including & fiust plurality of mewl
tial, and & non-conductive polymer losded with s con- 50 perticies, said sscond galvanic material incl m;m
ductive materisl separating said first gatvenic material odplnﬂhydwpuﬁdu.mdfml::d seo-
from sald ¢400md gulvanic maierial, said conductive  ood plurlity of metsl particies embedded nu:?huﬂ-
material providing ssid non-cooductive polymer witha  ently conductive polymer, compriting thie steps of:
predetamined resitivity foe controllibg a corrent flow applying said lontophorctic structore in a precured
produced between sald firss galvanic matcrial and said 33 mm-ﬂnmplhogynmmmd
second galvanic materia) when said loataphoretic stroc- sliowing sald loatophoretic structure to cure.
ture it in contact with an electrolytic fluid, sald firnt LA N _
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