METHOD FOR COATI NG SUBSTRATE W TH ANTI M CROBI AL AGENT AND PRODUCT FORMED
THEREBY | NVENTOR: DEVIN C. G NTHER CROSS REFERENCE TO RELATED APPLI CATI ONS
[ 0001] The present application clains priority to U S. Provisional Patent
Application No. 60/591,014, filed July 26, 2004, the disclosure of which
I's incorporated herein by reference. BACKGROUND OF THE | NVENTI ON Fi el d of
the I nvention [0002] This invention relates in general to a process for
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certain foa%ns are very thick, often in the range of about 1.25 inches. The
t hi ckness GF™€se dressi ngs limts the coating process, inasnmuch as there
is no way to insure a uniformcoating throughout the entire structure such

that the siiugl WEUND OF THE INVENTION

Field of the Invention

[0002] This invention relates in general to a process for coating reticulated foam, and
more particularly but not by way of limitation, to a method for coating reticulated foam with
antimicrobial agents that provides uniform vcoating throughout the reticulated foam and the
product formed by the method.

Description of the Related Art

[0003] A wide variety of novel and/or established antimicrobial compounds combined
with wound dressing can control microbial contamination and potentially lower the rate of
infection. The coating uniformity is an essential key to the antimicrobial performance of the
wound dressing. What is not known is any method of coating medical wound dressings or
foams wherein the entire volume of the dressing is capable of uniform coating with a polymer
coating system. This occurs for several reasons. |

[0004] Particularly, certain foams are very thick, often in the range of about 1.25
inches. The thickness of these dressings limits the coating process, inasmuch as there is no
way to insure a uniform coating throughout the entire structure such that the structure is
capable of being severed omni-directionally while still having the desired anti-microbial

agent exposed for use in a wound.



capabl e of being severed omi-directionally while still having the desired
anti-mcrobial agent exposed for use in a wound. 1 [0005] Certain coating
nmet hods exi st, such as vapor deposition (both physical and chem cal),

el ectrostatic coating, spraying and sputter coating. However, these coating
met hods are costly, and are not adaptable to uniformy coating

t hree-di nensi onal surfaces of certain dressings, such as reticulated foam
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uniformy coating a foam or_dressing and a foamor dressing formed by this
process wi ®mpthads asmknownde sschanicably ympact thefoam gnddamsterighy wapaghthe s

particularly useful in
permeability of the foam.

[0007] Because wound sizes and shapes have almost infinite variations, the wound
dressing must be adaptable to accommodate the wound and provide appropriate anti-
microbial properties to prevent further infection. Accordingly, there is a need to develop a
process for uniformly coating the dressing or foam with anti-microbial agents sufficient to
decontaminate the wound yet simple to use ana cost-effective, such that the foam will be

adapted for in situ adjustment to match the wound shape and dimension.

BRIEF SUMMARY OF THE INVENTION

[0008] The present invention fulfills this and other needs through the development of
a process for uniformly coaﬁné a foam or dressing and a foam or dressing formed by this
process with an antimicrobial polymer. Such foam or dressing is particularly useful in

negative pressure wound therapy.



negative pressure wound therapy. 2 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS
OF THE DRAW NG [ 0009] A nore conpl ete understandi ng of the nethod and
apparatus of the present invention nay be obtained by reference to the
followi ng Detailed Description of the Invention, with Iike reference
nuneral s denoting |ike elenents, when taken in conjunction wth the
acconpanyi ng Drawi ngs wherein: [0010] FIGURE 1 is a flow chart of a process
for uniformy coating a wound dressing w th antim crobial agents; [0011]
FIGURE 2 is a schematic diagramof certain steps of the process of FI GURE

.1; [0012] E!Iﬁf’ } NCOR } I i HEPD {9 coated using
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with antimicrobial agents;

[0011] FIGURE 2 is a schematic diagram of certain steps of the process of FIGURE

[0012] FIGURE 3 is a schematic top plan view of a dressing coated using the process
of FIGURE 1 as applied to a wound site;

[0013] FIGURE 4 is a side view of the dressing of FIGURE 3 on a wound site in
combination with a negative pressure therapeutic device; and

[0014] FIGURE 5 is a cross séction of the dressing of FIGURE 3 taken al(;ng line 5-
5, illustrating the uniform coating of the dressing.
DETAILED DESCRIPTION OF THE INVENTION

[0015] The. present invention provides a method for uniformly coating a wound
dressing with antimicrobial polymers incorporating agents, such as Au, utilizing a novel
process and a wound dressing formed under the process. The method of uniform coating
enables a user of the dressing to sever thé dressing in any direction and still have all exposed
surfaces uniformly coated with the antimicrobial agent sufficient to decontaminate the
wound.

[0016] A polyurethane foam is uniformly coated with a silver hydrogel polymer. The ‘

polymer coating itself contains PVP or Poly[vinlypyrrolidine], which is a water-soluble



wound. [0016] A polyurethane foamis uniformy coated with a silver

hydr ogel polynmer. The polyner coating itself contains PVP or

Pol y[vinl ypyrrolidine], which is a water-soluble 3 polynmer with
pyrrol oi done side groups, typically used as a food additive, stabilizer,
clarifying agent, tableting adjunct and dispersing agent. It is nost
commonly known as the polyner conponent of Betadi ne (a povidone-iodine
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fromthe foam Optionally, the weight of the saturated fo,%lm jle still
wet, may ydraphilis gehis epm ingdwith silver to create a coating solution, 102. The solution 1s then

placed in a holding tank and continuously agitated in a closed, dark environment, 104. The

dark environment is optional, but is included because of the light-sensitivity of silver. In a
light—exposéd environment, the foam may change color, which results in a non-aesthetic
appearance. The foam, which may comprise reticulated polyurethane die cut, is placed in the
holding tank, 106. The foam is then saturated with the solution, which is accomplished
through soaking or squeezing the foam, 108. Next, excess solution is removed from the
foam, 110. Roller nips or similar devices may be utilized to control the amount of solution
. removed from the foam. Optionally, the weight of the saturated foam, while still wet, may be
calculated, 112.

[0018] The foam is then placed in a convectional forced-air oven set to a
predetermined temperature and time to completely dry the solution-coated foam, 114.
Alternatively, to verify the dry condition of the foam, the weight of the foam may be checked
again, 116. If light-sensitivity remains an issue, the foam can be packaged in a moisture
vapor transmission rate (MVTR) pouch, which limits the exposure of the foam to light and to

humidity, 118. The foam is now ready for use on such sites as partial thickness burns,



[0018] The foamis then placed in a convectional forced-air oven set to a
predeterm ned tenperature and tinme to conpletely dry the sol ution-coated
foam 114. Alternatively, to verify the dry condition of the foam the

wei ght of the foam may be checked again, 116. If light-sensitivity remains
an issue, the foam can be packaged in a noisture vapor transm ssion rate
(MVTR) pouch, which limts the exposure of the foamto |ight and to
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[0020] The coating process can easily incorporate other additives, such as enzymatic
debriders, anesthesia agents, growtﬁ factors and many other biopharmaceuticals. In addition,
the coating can be formulated specific to coat thickness, although very thin coatings (about 2
to 10 micrometers) are preferable. The formulation can further be adapted to allow for large
particle sizes and different release kinetics, such as concentration and rate and the duration of
release.

[0021] The uniform and impregnated coating allows for delivery of silver ions both
outside and within the foam. In this manner, not only is bacteria eliminated on the wound
bed, but also within the dressing itself. This is particularly useful when using the dressing in
combination with a negative pressure therapy. Also, odor reduction is an added benefit of
this method.

[0022] Referring now to FIGURE 2, a schematic diagram of certain steps of the
process 100 of FIGURE 1 is shown. First, the solution of hydrophilic gel and the

antimicrobial or other agent, such as silver, is shown in a tank subject to agitation, 200. Next,



rel ease. [0021] The uniform and i npregnated coating allows for delivery of
silver ions both outside and within the foam In this manner, not only is
bacteria elimnated on the wound bed, but also within the dressing itself.
This is particularly useful when using the dressing in conbination with a
negati ve pressure therapy. Al so, odor reduction is an added benefit of
this nethod. [0022] Referring now to FIGURE 2, a schenmatic di agram of
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top plan view of a dressing 300 . .
However, it is preferable to dry the foam for about at least 6 minutes to minimize any

breakdown of coating. The foam is next packaged in appropriate containers, such as the
MVTR pouch or similar containers for shipment to the user, 214.

[0024] Referring now to FIGURE 3, a schematic top plan view of a dressing 300
coated using the process of FIGURE 1 as applied to a wound site 302 is shown. As indicated
by the arrows, silver ions from the dressing 300 contact the wound site 302 and effectively
eliminate bacteria formed thereon.

[0025] When used in combination with negative pressure therapeutic devices, such as
that made by Kinetic. Concepts, Inc., the dressing 300 is particularly effective. FIGURE 4 is
a side view .of the dressing 300 of FIGURE 3 on a wound site 302 in combination with a
negative pressure therapeutic device 400, which includes a control system 402, a drape 404
for covering the dressing 300 and wound site 302, a vacuum hose 406 connected to the
control system 402 and to the wound site 302 through the dressing 300, and a connector 408
for connecting the vacuum hose 406 to the drape 404. Application of negative pressure by

the control system 402 through the dressing 300 effectively pulls harmful pathogens through



coated using the process of FIGURE 1 as applied to a wound site 302 is
shown. As indicated by the arrows, silver ions fromthe dressing 300
contact the wound site 302 and effectively elimnate bacteria forned

t hereon. [0025] Wien used in conbination with negative pressure therapeutic
devi ces, such as that nade by Kinetic-Concepts, Inc., the dressing 300 is
particularly effective. FIGURE 4 is a side view of the dressing 300 of
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thereto by silver ions mgrating away fromthe dressing 300. [0027] The
previous d®¥eription is of preferred enmbodi ments for inplenenting the

invention, and the scope of the invention should not necessarilg be Jimted
by this descri gP927h The previous description is of preferred embodiments for implemeénting the

invention, and the scope of the invention should not necessarily be limited by this description.

The scope of the present invention is instead defined by the following claims.



The scope of the present invention is instead defined by the foll ow ng
clainms. 7 W claim 1. A nethod for coating a foamfor placenent on a wound
site, the nethod conprising the steps of: conbining a hydrophilic gel with
silver to create a coating solution; agitating the coating solution in a
cl osed environnent; placing the foamin the closed environnent; saturating
the foamwi th the coating solution; renoving excess solution fromthe
satur at ed fp@aiim@nd drying the saturated foam 2. The nethod of claim1,
wherein the foam conpri ses pol yurethane. 3. The nethod of claim1l1l, wherein

the coating sol yti orp GRIRYA fof Softinkl 4 Yédin fdRYsliceaRht HPlayWBInd dte, THeEmBMbNOd Of
claim3, wherein the coating contains PVP. 5. The nethod of claim 3,

wher ei n th@orﬁ;%%ﬁﬂgﬂﬂeﬁ tigi ns Chitosan. 6. The nethod of claim3, wherein
the coating contains gglver sodium alumnosilicate. 7. The nethod of claim

1, further co 1.Si: | i k0. hol di t ank
u ”Dédfxédgg%%ii ﬁf‘dﬁgﬁ@%ﬁx} ;@F@ﬁ&e% &bife éeaaghg Qdlutidh;2 hol ding tan

after the step o ophilic gel. 8. "The nethod of claim1,
wherein the envjr ﬁﬁﬂ ' LNvVi g}éﬁ&ﬁ . prevent the foamfrom
changi ng color.&%Q eéﬁetﬁgﬁﬂgﬁé%ﬁg¥%$l, %%%?% t he foam conpri ses
reticulated pol ngcrfgt {12 Bim in the closed environment;

saturating the foam with the coating solution;

removing excess solution from the saturated foam; and

drying the saturated foam.

2. The method of claim 1, wherein the foam comprises polyurethane.
3. The method of claim 1, wherein the coating solution comprises a silver
hydrogel polymer.

4. The method of claim 3, wherein the coating contains PVP.

5. The method of claim 3, wherein the coating contains Chitosan.

6. The method of claim 3, wherein the coating contains silver sodium
aluminosilicate. .

A The method of claim 1, further comprising the step of placing the solution in a

holding tank after the step of combining the hydrophilic gel.

8. The method of claim 1, wherein the environment is a dark environment to
prevent the foam from changing color.

9. The method of claim 1, wherein the foam comprises reticulated polyurethane
die cut.

10.  The method of claim 1, wherein the step of saturating the foam with the

solution is accomplished through soaking the foam in the solution.



die cut. 10. The nethod of claim1, wherein the step of saturating the foam
with the solution is acconplished through soaking the foamin the

solution. 8 11. The method of claim1l, wherein the step of saturating the
foamwi th the solution is acconplished through squeezing the foamin the
solution to allow the foamto absorb the solution. 12. The nethod of claim
1, further conprising the step of weighing the saturated foamafter the
step of saturatilng tTie fme@od oflaithhg WRirdiedhoftep loftisatuiating fthé thes vR@NBET Si ng
the step of weighing the foama second tinme after the step of drying the
foam 14. The met hodsohftiofi lifhdBoiplidHee ii@buphisGGecsing Phelfoatl M itROsdH fonS8 i@t ed

foam conprises placing the foamin a convectional forced-air oven set to a

predet erm ned t enper@t fath th@bsodb Me8HGt&, M ned amount of time. 15. The
met hod of claim 1, further conprising packagi ng the foamin a noisture

vapor transm ssgpn rﬂi&n&ﬁé&?@félﬁn“'ﬂntthe?)é&ﬁ stePorinR %q;h kaﬁx'i}h gnd to
hum dity. 16. The rret hod of cI ar m 1 further corrprl SP g: i I'ng the foam
on a wound site; % fﬁjnﬁgle a drape, connectl ng a vacuum
hose at one end to t oamthr ough rape and at the other end to a

vacuum  appl yi ng; negﬁklﬁ&noespaamemebeoﬂgmfﬁa sfplc? Winind b ROGERS and

ot her
second time after the step of drying the foam.

14, The method of claim 1, wherein the step of drying the saturated foam
comprises placing the foam in a convectional forced-air oven set to a
predetermined temperature for a precretermined amount of time.

15.  The method of claim 1, further comprising packaging the foam in a moisture
vapor transmission rate pouch to limit exposure of the foam to light and to
humidity.

16.  The method of claim 1, further comprising:
placing the foam on a wound site;
covering the wound site with a drape;
connecting a vacuum hose at one end to the foam through the drape and at the
other end to a vacuum;
applying negative pressure to the wound site to pull pathogens and other

harmful material through the foam to kill the pathogens and harmful material.

17. A method for treating a wound, comprising the steps of:
combining a hydrophilic gel with silver to create a coating solution;
agitating the coating solution in a holding tank;

placing the foam in the holding tank;



harnful material through the foamto kill the pathogens and harnfu
material. 17. A nmethod for treating a wound, conprising the steps of:
conbining a hydrophilic gel with silver to create a coating solution;
agitating the coating solution in a holding tank; placing the foamin the
hol ding tank; 9 saturating the foamw th the coating solution by soaking
the foamin the coating solution for a predeterm ned anmount of tine;

removi ng excess sol uiahitins! B8 fbdie WidAthelaoatingd kolagor BE s6akiny BleefdamO@Nthe
through a roller; drying the foamin a convection oven at a tenperature of

about 90C for aboatingasliiticheris pleddiériiled amoAntFflRleet €l y dry the foam
applying the foamto a wound surface; connecting a vacuumto the foam

drapi ng the wound sukfd¢Ry cROEs MY ifFdEh 1RE Bedhd MErodifpShd! Eaturhied Fdig, vi a

the vacuum wherein harnful nmaterials fromthe wound are neutralized via
the coating on fpgef;0am 18. The nethod of claim17, wherein the coating
solution conprising a debriding agent. 19. The nethod of claim 17, wherein

e, SO TP AL b Gt 6l o il ™

least about 6 minutes to completely dry the foam;

applying the foam to a wound surface;

connecting a vacuum to the foam; |

draping the wound surface; and

applying negative pressure to the wound via the vacuum, wherein harmful
materials from the wound are neutralized via the coating on the foam.
18.  The method of claim 17, wherein the coating solution comprising a debriding

agent.

19.  The method of claim 17, wherein the coating comprises anesthetizing agents.

20.  The method of claim 17, wherein the coating comprises a growth factor.
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