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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention herein relates to a wound dressing, with a hydrophobic fabric, possibly including a mounted
absorbent material attached thereto, the hydrophobic fabric facing towards the wound and being capable of binding
unwanted microorganisms, used with vacuum or alternating vacuum and hyperbario oxygen treatments of the wound
dressing.

Description of the Related art

[0002] One problem in healing of wounds associated with bacterial loads is tissue damage by release of toxins and
enzymes, and possible spread of infections to the blood stream. Studies have shown that high tissue counts of micro-
organisms delay wound healing.
[0003] Numerous studies during the last few decades have also shown that bacteria, such as Staphylococus aureus
and Group A streptococci, both common wound pathogens, and the yeast Candida albicans commonly express profound
cell surface hydrophobicity. Several structures which render the cell surfaces hydrophobic have been defined, like the
fimbriae of E. coli, which mediate adhesion to the intestinal wall, proteins on C. albicans, which have been called
"hydrophobins", and lipoteichoic acid in the cell wall of Gram-positive bacteria.
[0004] According to the hydrophobic principle of the laws of nature, a system will always struggle towards lowest
possible energy consumption. When two water repellent molecules come into collision with each other they will increase
the entropy and create disorder. The water molecules that surround the two hydrophobic molecules will force them
together by hydrogen bonds between the water molecules although there is no force of attraction between the hydrophobic
interactions, and will expel water molecules.
[0005] The initial step in infections of the skin and mucosal surfaces is microbial adhesion to wounded tissues. Several
microbial components that adhesively bind to specific receptors have been identified, like fimbriae of Gram-negative
enteric bacteria. Initial adhesion can be mediated by hydrophobic interactions between microbes and host tissue struc-
tures, and also by charge interactions. Binding of extracellular matrix and serum proteins, like fibronectin, collagen and
fibrinogen may further enhance colonization of deeper wound tissue.
[0006] In wound treatment, after tissue colonization wound microbes multiply, cause tissue damage by release of
toxins and enzymes, and even spread to the blood stream. The human body has multiple defense mechanisms of the
innate defense system. Also specific antibodies directed against the colonizing microorganism may be active to decrease
the number of microorganisms. Numerous studies have shown that high tissue counts of microorganisms delay wound
healing. On the other hand, small numbers of bacteria were shown to enhance the wound healing process in rodents
by stimulating production of collagen-hydroxyproline.
[0007] Conventional treatment of wounds consists of mechanical cleansing with water, buffer solutions or disinfectants
to remove bacteria and debris. This is of importance since debris hampers wound healing. The use of oxidizing agents
(for example iodine tincture) or antiseptics (for example ointments comprising silver sulphadiazine) have been known
for a long time. A number of disadvantages to these methods can be mentioned. For example, bacteria which have died
remain in the wound, and wounds cannot be cleaned to remove the active compound reliably after the application, since
it spreads in the entire wound. If these active compounds occur freely in the wound, they can also attack cells and
substances in the wound fluid which promote wound healing.
[0008] Another method of wound treatment is the use of local antibiotics. Microbiologists disapprove of the use of local
antibiotics since this is known to induce antibiotic resistance. Also in order to protect an already cleaned wound, including
wounds from surgical cuts, various kinds of Band-Aid’s, surgical tapes and dressings and the like have been used.
Various kinds of cleaning and anti-microbial compounds added to such products been added or suggested for more
long time effects.
[0009] There are several known inventions relating to methods and materials in wound healing. One such example is
the U.S. Patent No. 6,369,289, which discloses the use of a cellulosic bandage in a method for covering an open wound
by contacting the wound with the bandage having a calculated amount of antimicrobial agent. U.S. Patent No. 4,655,756
relates to a non-woven material treated with a linear polymeric biguanide having a defined formula, or a mixture of, e.g.,
polyhexamethylene biguanide (PHMB).
[0010] Other types of antimicrobial agents are also known. For example, U.S. Patent No. 5,707,736 discloses a dry,
disposable, polymeric product having sustained-release antimicrobial activity that is formed from a polymeric material
having an amine salt antimicrobial agent incorporated therein. The polymeric material may be in the form of fibers,
sheets, films, and other stable woven, nonwoven and knitted materials. The antimicrobial agents include, e.g., chlorhex-
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idine gluconate and chlorhexidine hydrochloride. Several similar uses of dressings combining antimicrobial compounds
are known.
[0011] U.S. Patent No. 4,643,181 also describes a surgical dressing and a process for making a surgical dressing.
The dressing comprises a substrate coated on one surface with a solvent-based skin contact adhesive of defined
thickness, the adhesive having distributed therein particles of antimicrobial substances.
[0012] U.S. Patent No. 4,678,704 describes an impregnated fabric material comprising a fabric substrate to which has
been applied an active cationic impregnant along with an anionic indicator dye in combination with a further cationic
component, wherein the dye bonds to the further cationic component more readily than to the substrate and the further
cationic component competes with the impregnant for bonding to the dye. The cationic impregnant may be a polymeric
biguanide.
[0013] U.S. Patent No. 5,098,417 relates to a wound dressing for systemic administration of a physiologically- or
biologically-active agent by controlled release of the agent into such wound. The wound dressing comprises a substrate
in the form of a fabric or cloth, at least a portion of which is cellulosic, which has been chemically modified to convert
hydroxyl groups in the cellulosic portion to ionic-adsorbing sites, an ionic form of a physiologically- or biologically-active
agent (which includes antibacterial agents) adsorbed in the substrate. The ionic bonds hold the agent temporarily to the
substrate for controlled release therefrom in proportion to the amount of exudate in contact with the substrate and are
formed by adsorbing the agent on the substrate at room temperature. The ionic bonds are disassociated upon contact
with body exudate from wounds thereby to release the physiologically- or biologically-active agent in an amount in
proportion to the amount of exudate in contact with the substrate.
[0014] U.S. Patent No. 5,498,416 relates to a process for protection of prostheses, implants and/or catheters, and
other temporary or permanent implantable materials against bacterial colonization and infection. An infection-resistant
device is disclosed that in aqueous medium is capable of progressively releasing an amount of an antibacterial substance
fixed to the device, the amount being effective to prevent bacterial contamination of the device. Devices are described
to include urinary catheters, probes, vascular and intraarterial catheters, cardiacal valvular prostheses, arterial prosthe-
ses, cardiac simulators, orthopedic prostheses, ocular or dental implants, shunts that are connecting two segments of
the circulatory system, and suture thread.
[0015] U.S. Patent No. 5,700,742 relates to a method of treating a textile material to inhibit microbial growth, which
comprises applying to the textile material an oligo or polymeric biguanide or salt thereof with an inorganic acid or an
organic acid having a pK value above 4.5 followed by a strong organic acid having a pK value below 4.5 and free from
any aliphatic or oxyalkylene chain containing 12 or more carbon atoms. A textile material treated in accordance with the
claimed method is also disclosed.
[0016] U.S. Patent No. 5,856,248 relates to cellulose fibers and products comprising cellulose fibers treated to absorb
body secretions while substantially decreasing microbial growth, the fibers being chemically modified in a two-stage
process comprising a first stage treatment with a water soluble salt of a transition metal and an alkali and a second stage
treatment with a solution of a bisbiguanide compound, thereby forming a bond between the cellulose fibers, the transition
metal and the compound. The process may utilize a rinsing step to neutral pH between the two aforementioned stages.
[0017] U.S. Patent No. 5,817,325 relates to an article of manufacture having disposed on a surface thereof a contact-
killing, non-leaching antimicrobial coating which kills microorganisms upon contact. The coating comprises an organic
polycationic polymer matrix immobilized on the surface having bound or complexed thereto a surface-accessible anti-
microbial metallic material such that the antimicrobial material does not release biocidal amounts of elutables into the
surrounding environment.
[0018] Other patents relate to the so called SORBACT products, which are folded dressing compositions including a
hydrophobic fabric and a hydrophilic, liquid-absorbing material. U.S. Patent No. 4,617,326 describes this principle.
[0019] Further, U.S. Patent No. 6,160,196 relates to the Sorbact principle but adds thereto an antimicrobial active
compound which is adapted to prevent infections from the outside of the pad. The antimicrobial compound is not released
into the wound. U.S. Patent No. 4,211,227 discloses a non-woven surgical sponge material comprising a layered fabric
having an inner core or a substantially hydrophilic material disposed adjacent at least one outer or surface layer, or
between a pair of outer layers, of a substantially hydrophobic material. The sponge material is bonded by passing the
material through rolls engraved in a pattern of lands and grooves such that a repeating pattern of three degrees of
compression are imposed on the material. However, this sponge does not use a hydrophobic material binding bacteria
to any great extent, nor does it have any backing which is visually transparent, semi -permeable and self-adhesive.
[0020] Further, there are several wound dressing products on the market containing absorbent pads, but without any
anti-microbial compounds or microbial binding materials. Such products include Tegaderm® and Tegaderm® IV by 3M,
(St. Paul, MN 55144-1000, U.S.A.) and OpSite Post-Op by Smith&Nephew (Memphis,TN 38116, U.S.A.).
[0021] Several patents and other publications are related to the so called NPWT (negative pressure wound therapy),
for example one wound care system disclosed in WO 2007/062024 is an apparatus capable of administering localized
negative pressure therapy to a covered wound using a negative pressure source and a drain line for removing exudates
from the wound, alternating with hyperbaric oxygen therapy. Negative pressure therapy is the controlled application of
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sub-atmospheric pressure to a wound, using a vacuum or suction device to remove exudates from the wound. Hyperbaric
oxygen therapy is the controlled application to a wound of pressures greater than atmospheric pressure to promote new
cell growth and increase metabolic activity of the cells. The apparatus of this patent application is also capable of
administering localized hyperbaric fluid therapy to the wound using a fluid source and a supply line for hyperbaric fluid
therapy. The system for wound care in this patent is designed for alternating applications of vacuum and hyperbaric
wound treatments to a wound site.
[0022] US 6,071,267 describes negative pressure therapy with fluid transfer elements wherein one of the fluid transfer
elements communicates with the wound. Similarly, WO2005/123170 describes a wound dressing which is connected
to a vacuum source so that reduced pressure is used to remove exudates from the wound.
[0023] What characterizes the art in the field of the invention is that developments and inventions are most often
related to various fibrous materials and pads with added antimicrobial substances to be used with a separate bandage
or fastened over wounds, using for example, surgical tape or various dressings or alternatively used with different systems
to create negative pressure and possibly also hyperbaric conditions at the wound site.
[0024] Utilizing the Sorbact principle discussed above, products such as the Sorbact pad consist of acetate gauze
and cotton gauze treated with the fatty acid ester DACC (dialkyl carbamoyl chloride) or dioctadecyl-carbamoyl chloride
or an alkyl ketene dimer (AKD). This provides Sorbact pads with a strong hydrophobic property. When the Sorbact pad
comes in contact with pathogenic microorganisms in the wound surface, the microorganisms adhere to the pad through
hydrophobic interaction. The method is based on the principle that two hydrophobic surfaces bind to each other, when
coming into physical contact. The pad can optionally be rendered cation active by means described in U.S. Patent No.
4,617,326 and U.S. Patent No. 2006/0129080 or the by application of cationic dyes known in the art. The Sorbact pad
consists of one or two components. The first component has one or more liquid permeable layers of a hydrophobic,
bacteria adsorbing, physiologically innocuous material containing a woven or nonwoven hydrophilic fabric. The fabric
has been rendered hydrophobic by chemical treatment with a compound containing hydrophobic groups. The second
optional component consists of one or more layers of a hydrophilic, liquid absorbing, physiologically innocuous material.
The hydrophilic liquid absorbing material effects a liquid flow by suction of exudate from the wound. If the microorganisms
exhibit hydrophobic surface structures they will accompany this flow of liquid and come in contact with the hydrophobic
component and bind to it. The Sorbact acetate gauze can also be used by itself without any absorption material layer.
[0025] Even if the traditional Sorbact product solves an important problem of reducing the number of microorganisms
in a wound without using chemicals or antibiotics, it has still some disadvantages when used as a wound dressing. It
has been showed that a good contact between the wound and the hydrophobic and possible cationic fabric is essential
for an efficient attachment/binding of the unwanted microbes of the wound. Many wound surfaces are not flat or even,
which makes it difficult to get a sufficiently good contact between the hydrophobic and possible cationic fabric and the
wound.
[0026] Therefore the invention herein was made to address the above problems. It was surprisingly shown that the
effect of the Sorbact material in binding microorganisms increased substantially when used with vacuum or with alternating
vacuum and hyperbaric oxygen treatments of the wound dressing. The increased effect of the Sorbact material in binding
microorganisms, when applying vacuum or alternating vacuum and hyperbaric oxygen treatments to the wound dressing
is caused by better contact between the Sorbact gauze and the wound and the better flow of exudate through the Sorbact
material.
[0027] It is an object of the invention herein to provide a product ideal for the treatment of wounds and a method of
making this product. It is a further object of the invention to provide a product that protects the wound, absorbs exudates
and removes excess exudates, reduces the number of pathogenic microorganisms, and aids in wound recovery, without
using antimicrobial substances.
[0028] Other objects and advantages will be more fully apparent from the following disclosure and appended claims.

SUMMARY OF THE INVENTION

[0029] According to the invention there is provided a product for dressing a wound as claimed in claim 1.
[0030] Embodiments of the invention herein relate to a wound dressing using a product with a hydrophobic fabric,
possibly including a mounted absorbent material, attached thereto, facing towards the wound and being capable of
binding unwanted microorganisms, used with vacuum or alternating vacuum and hyperbaric oxygen treatments of the
wound dressing.
[0031] Embodiments of the invention protect the wound, absorb exudate and reduce the number of pathogenic mi-
croorganisms, without using antimicrobial substances, and further utilize the vacuum treatment to remove excess exu-
dates and the hyperbaric oxygen treatment to enhance wound healing. Embodiments of the invention provide a wound
dressing utilizing the Sorbact principle together with negative and positive pressure application to the wound dressing.
[0032] The controller may be further configured to cause hyperbaric fluid therapy to be administered to the wound at
an absolute pressure of at least approximately 1.5 atmospheres via the supply line.
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[0033] The hyperbaric fluid therapy may utilize oxygen.
[0034] The controller may be further configured to control the administration of negative pressure therapy and hyper-
baric fluid therapy such that the administration of negative pressure therapy and hyperbaric fluid therapy is cyclical and
the hyperbaric fluid therapy alone or together is administered to the wound for no more than thirty minutes during each
cycle.
[0035] The negative pressure and fluid may be supplied by a portable unit.
[0036] Negative pressure therapy may be administered for about 20-180 seconds followed by hyperbaric fluid therapy,
or negative pressure therapy may be followed by non-therapy to provide intermittent negative pressure therapy.
[0037] Negative pressure therapy may be administered for about 10-60 seconds followed by hyperbaric fluid therapy,
or negative pressure therapy may be followed by non-therapy to provide intermittent negative pressure therapy.
[0038] The administration of negative pressure therapy may comprise exposing the wound pressures ranging from
about 60-160 mm Hg.
[0039] Other objects and features of the inventions will be more fully apparent from the following disclosure and
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040]

Figure 1 shows an overview of the treated wound site according to the invention herein.

Figure 2 shows a schematic set-up of a system of the invention herein

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS THEREOF

[0041] The product of the invention is ideal for treatment of wounds. It protects the wound, removes exudate and
reduces the number of pathogenic microorganisms, without using antimicrobial substances. A wound is treated with
vacuum and possibly alternating hyperbaric oxygen treatments using a wound dressing based on the Sorbact principle
discussed above, for example, products such as the Sorbact pad consist of folded acetate gauze and cotton gauze
treated with the fatty acid ester DACC (dialkyl carbamoyl chloride) or dioctadecyl-carbamoyl chloride or an alkyl ketene
dimer (AKD) so that the Sorbact pads have a strong hydrophobic property and pathogenic microorganisms in the wound
surface adhere to the pad through hydrophobic interaction. The pad can optionally be rendered cation active. Such pads
have possibly two primary components, the first of which has one or more liquid permeable layers of a hydrophobic and
possible cationic, bacteria-adsorbing, physiologically innocuous material containing a woven or nonwoven hydrophilic
fabric. The fabric has been rendered hydrophobic by chemical treatment with a compound containing hydrophobic
groups. The optional second component consists of one or more layers of a hydrophilic, liquid absorbing, physiologically
innocuous material. The hydrophilic liquid-absorbing material effects a liquid flow by suction of exudate from the wound.
If the microorganisms exhibit hydrophobic surface structures they will accompany this flow of liquid and come in contact
with the hydrophobic component and bind.
[0042] In its basic embodiment the wound dressing used in the invention herein is a bacteria-adsorbing composition
in water-insoluble form which includes a first component comprising one or more liquid permeable layers of a powerfully
hydrophobic, bacteria adsorbing, physiologically innocuous material comprising a woven or non-woven hydrophilic fabric,
which has been rendered hydrophobic by chemical treatment with a compound containing hydrophobic groups, and a
second component comprising one or more layers of a hydrophilic, liquid absorbing, physiologically innocuous material,
at least one layer of hydrophilic material being located externally of at least part of the hydrophobic material as viewed
from the surface to be treated, as set forth in U.S. Patent No. 4,617,326, used together with vacuum or alternating
vacuum and hyperbaric oxygen treatments of the wound dressing supplied from an apparatus for the treatment of a
wound on a patient. The apparatus includes a drain line configured for attachment to a negative pressure source and
for removing exudate from the wound; a supply line configured for attachment to a fluid source and for supplying fluid
to the wound; and a controller. The controller is configured to cause negative pressure therapy to be administered to
the wound via the drain line. The controller is further configured to optionally cause hyperbaric fluid therapy, for example
using oxygen, to be administered to the wound via the supply line. The controller is further configured to cause hyperbaric
fluid therapy to be administered to the wound at an absolute pressure of at least approximately 1.5 atmospheres via the
supply line.
[0043] A wound treatment apparatus that includes a drain line configured for attachment to a negative pressure source
and for removing exudates from the wound, for example the system disclosed in WO 2007/062024 or a similar system,
can be used. The apparatus further includes a supply line configured for attachment to a fluid source and for supplying
fluid to the wound and a controller. The controller is configured to cause negative pressure therapy to be administered
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to the wound for a first time period via the drain line, and cause hyperbaric fluid therapy to be administered to the wound
for a second time period via the supply line, wherein the first time period is approximately two to three times as long as
the second time period. The apparatus further includes a controller that is configured to cause negative pressure therapy
to be administered to the wound via the drain line, and optionally to cause hyperbaric fluid therapy to be administered
to the wound at via the supply line. The controller is further configured to control the administration of negative pressure
therapy and hyperbaric fluid therapy such that the administration of negative pressure therapy and hyperbaric fluid
therapy is cyclical and the hyperbaric fluid therapy alone or together is administered to the wound for no more than 30
minutes during each cycle. The negative pressure therapy and hyperbaric fluid therapy may be administered intermittently.
The fluid source may be configured to supply a constant flow of fluid such that the administration of negative pressure
therapy is accomplished by activating the negative pressure source and the administration of hyperbaric fluid therapy
is accomplished by deactivating the negative pressure source.
[0044] The administration of negative pressure therapy may also be accomplished by activating the negative pressure
source and reducing the flow of fluid from the fluid source, or by not having any flow from a fluid source. Similarly, the
administration of hyperbaric fluid therapy may be accomplished by deactivating the negative pressure source and in-
creasing the flow of fluid from the hyperbaric fluid source. While each of the negative pressure therapy and the hyperbaric
fluid therapy could potentially be administered to the wound 2 for hours before alternating to the other therapy, it is
presently preferred that the controller 9 cause negative pressure therapy to be administered to the wound 2 for relatively
short periods of time. For example, negative pressure therapy may be administered for approximately 20-180 seconds
before moving on to hyperbaric fluid therapy or to non-therapy in the event that the apparatus is set to intermittently
apply only negative pressure therapy. Similarly, the controller 9 may cause hyperbaric fluid therapy to be administered
to the wound 2 for approximately 10-60 seconds before moving on to negative pressure therapy or to non-therapy in
the event that the apparatus is set to intermittently apply only hyperbaric pressure therapy.
[0045] As will be understood by those of skill in the art, the administration of negative pressure therapy generally
involves exposing the wound 2 to pressures of less than 1 atmosphere. The pressures employed during negative pressure
therapy may include absolute pressures ranging from approximately 0 mm Hg to approximately 300 mm Hg. Preferably,
the absolute pressure ranges from approximately 60 mm Hg to approximately 160 mm Hg during the administration of
negative pressure therapy.
[0046] Figure 1 shows an example overview of the treated wound site according to the invention herein, where: the
skin 1 of a patient, has a wound 2, to be treated by the invention herein, using the woven Sorbact pad 6, on top of the
wound 2, and a drain line 4 on top of the Sorbact pad 6, and an optional drain device 5 fixed to the end of the drain line
4, and an optional supply line 3 on top and everything under a sealing material 7 to make the negative pressure and
hyperbaric treatment possible.
[0047] The system for supplying the negative pressure and fluids can be a portable unit as disclosed above or fixed
bedside installations for suction and oxygen in hospitals can be used together with a controller and tubing according to
Figure 2, where the wound 2 is dressed according to Figure 1 and connected to the fluid-source 10, via the supply-line
3 and to the negative pressure source 8, via the drain-line 4 and the negative pressure source 8 and fluid source 10 are
controlled by the controller 9.
[0048] Other objects and features of the inventions will be more fully apparent from the following examples and
appended claims.

Example 1. Manufacture of wound dressing products

[0049] In this example, a standard wound dressing is manufactured based on the invention in the following manner:

A. The hydrophobic layer is preferably produced according to U.S Patent No. 4,617,326 by applying to a cellulose

Materials: (from inside-out)

LAYER COMMERCIAL PRODUCT NAME MANUFACTURER

1. Hydrophobic 
layer

Green Cellulose Acetate woven prepared according to 
US 4,617,326

ABIGO Medical AB Sweden

2. Optional 
Adhesive

National 505E National Starch & Chemical Ltd., 
United Kingdom

3. Optional 
Absorbent 
material

(Airlaid) Concert MH080.104.P000 Concert GmbH, Falkenhagen, 
Germany
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acetate fabric an amount of dioctadecyl carbamoyl chloride DACC or AKD as disclosed in this patent making a
covalent bond between the materials. The acetate fabric is on rolls of 50 m length and at a width of 1 m, and taken
as such to the next step.
B. The optional bonding of the hydrophobic layer with the absorbent layer is made in a machine for the purpose,
having a suitable applicator for the hot-melt, a slot applier, and heated rolls for the bonding of the two materials, so
called nip rolls, as is known in the art. In order to minimize the risk for the adhesive to bleed through the surface
layer it is preferable to put the hot melt layer on the absorbent layer. In prior test runs it was found that the risk for
the adhesive to bleed through the hydrophobic cellulose acetate layer increases dramatically if the amount of
adhesive is >10g/m2. Decreasing the amount of adhesive, however, reduces the lamination strength. The ideal
amount of adhesive is between 7-10 g/m2. In our prior test runs we found a hot melt temperature of 150 degrees C
to work well together with pre heated nip rolls.

Test of Lamination strength:

[0050] The test sample is placed in water solution with 0.9 % NaCl or defibrillated sheep blood for one hour. The layers
are separated from each other and the lamination strength is measured. If possible it should be at least 10 gram/cm,
but preferably >20 gram/cm width Because it can sometimes be difficult to get hold of the layers in order to separate
them, a knife or tweezers with sharp edges may be used, or the sample may be prepared prior to the water test by
separating the layers from each other by leaving flaps to grab.

Other tests:

[0051] Adhesive bleeding through the green cellulose acetate woven fabric is tested by pressing samples of the
laminated material surface layer (green woven material) hard against each other. Only a minor sticking is acceptable.
[0052] Blood clotting is tested by application of 0.3 ml of defibrillated sheep blood on top of the lamination. The blood
should easily pass through the green cellulose acetate woven layer and leave only small amounts of blood on the surface.
[0053] After the bonding process of the hydrophobic acetate layer and the absorbing layer, the now bonded materials
are still in a roll form, which is taken to the cutting step.

Example 2: Use of the new dressing product to bind pathogens in a liquid drench without applying vacuum

[0054]

Material: Wound dressing as described in Example I
Bacterial strains: Staphylococcus aureus Newman, Pseudomonas aeruginosa 510, Enterococcus faecalis, Candida

albicans

[0055] Isolates were cultured on agar with 5% horse erythrocytes in 5% CO2 atmosphere at 37°C. Suspensions were
made in phosphate-buffered saline (PBS, 0.02 M sodium phosphate and 0.15 M sodium chloride, pH 7.2) at 109 bacterial
cells/ml, 107 fungal cells/ml or indicated concentration.
[0056] The dressing was cut in 1 cm2 pieces. Incubation was made in 24 well polymer plates. 1 ml of suspension was
added to each dressing. The plates were placed on a rotary shaker at very low speed. Incubation was performed at
room temperature for the indicated time. After incubation, dressings were rinsed in PBS several times, and then put in
2.5 % TCA (tricarboxylic acid).
[0057] The ATP content was measured in a luminometer (LKB Wallac). Controls: the number of adhered bacteria
(CFU/ATP) was normalized against the number of total added bacteria (CFU/ATP), and the blank (no bacteria, only
EDTA-Tris buffer) was the ATP value control.

Results:

[0058]

S. aureus > 105 cells adhered during 30 sec, 1,5 and 10 minutes, and then increased to 106 cells after 2 hrs.
Some multiplication occurred during the following 24 hrs to reach 5 x 106 cells/cm2.

P. aeruginosa Around 106 cells adhered during 30s, 1, 5 and 10 min, and then increased during 30 and 60 min
incubation to reach 107 cells/cm2 after 2 hrs incubation. No multiplication of adhered bacteria occurred
during the following 24 hrs .
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[0059] The maximal adsorption was when 5 x 109 cells of S. aureus were added and 108 cells adhered; for P. aeruginosa,
108 cells adhered out of 109.5 added; and for E. faecalis, 8 x 106 out of 5 x 1010 added. For C. albicans the slope levels
off , and 105 cells adhered out of 107.5 added .
[0060] Conclusion: Under ideal conditions, the test dressing with the hydrophobic layer, such as this liquid drench, is
a good adsorber of different important and potential pathogens in wound healing.

Example 3. Test of the new dressing on a rough surface without applying vacuum

[0061] A standardized pig wound model is used (BMC Surg. 2008; 8: 5. Hirsch et al; Enhanced susceptibility to
infections in a diabetic wound healing model) and the experimental protocol of Example 2. The maximal adsorption to
the Sorbact is measured after 2 hours. When 109 cells of S. aureus are added, 106 cells adhere, for P. aeruginosa 105

cells adhere out of 109.5, and for E. faecalis 1 x 105 cells out of 5 x 1010 adhere. For C. albicans, 103 cells adhere out
of 107 added.

Example 4. Application of vacuum/suction and hyperbaric pressure

[0062] The application of vacuum/suction to the wound dressing discussed above is preferably according to WO
2007/062024 (published May 31, 2007), the disclosure of which is incorporated herein, or methods known in the art that
accomplish the same result(s). In particular, the apparatus used therefore preferably includes a drain line that attaches
to a negative pressure source, giving 40 mmHg to approximately 120 mmHg negative pressure so that exudates may
be remove from a wound. The vacuum level should never be painful, if the patient report discomfort, reduce the under-
premure. An example of one such portable pump is the PROSPERA PRO-I (Prospera Inc, 2831 Bledsoe Street Fort
Worth, TX 76107, U.S.A.) A controller of this pump, or comparable thereto, controls the administration of the negative
pressure therapy.

Example 5. Test of the new dressing and vacuum on a rough surface

[0063] The same experimental set up as in example 3 is used but now combining the Sorbact pad with vacuum as in
example 4. The maximal absorption to the Sorbact pad is measured after 2 hours. When 5 x 109 cells of S. aureus are
added, 103 cells adhere, for P. aeruginosa 107 cells adhere out of 109.5, and for E. faecalis 107 out of 1010. For C.
albicans, 106 cells adhere out of 107 added.
[0064] While the invention has been described with reference to specific embodiments, it will be appreciated that
numerous variations, modification, and embodiments are possible.

Claims

1. A product for dressing a wound, comprising:

a wound dressing pad of hydrophobic fabric that is treated to bind microorganisms; and
an apparatus for the treatment of a wound on patient which applies negative pressure therapy to the wound
dressing;
in which the wound dressing pad comprises at least one liquid permeable layer of hydrophobic, bacteria-ab-
sorbing physiologically innocuous material containing a woven or nonwoven hydrophilic fabric that has been
rendered hydrophobic by chemical treatment with a compound containing hydrophobic groups;
in which the wound dressing pad comprises folded acetate gauze and cotton gauze treated with a compound
containing hydrophobic groups selected from the group consisting of dialkyl carbamoyl chloride, dioctadecyl-
carbamoyl chloride and alkyl ketene dimers.

2. A product as claimed in claim 1, in which the apparatus is configured to alternate the negative pressure therapy
with hyperbaric oxygen treatments of the wound dressing.

3. A product as claimed in claim 1, in which the wound dressing pad comprises at least one layer of a hydrophilic,
liquid-absorbing, physiologically innocuous material that in use effects liquid flow by suction of exudates from a
wound through the at least one liquid permeable layer of hydrophobic, bacteria-absorbing physiologically innocuous
material.

4. A product as claimed in claim 1, in which the wound dressing pad comprises a mounted absorbent material attached



EP 2 370 035 B1

9

5

10

15

20

25

30

35

40

45

50

55

to the hydrophobic fabric.

5. A product as claimed in claim 1, in which the apparatus further comprises a drain line configured for attachment to
a negative pressure source and for removing exudate from a wound; a supply line configured for attachment to a
fluid source and for supplying fluid to a wound; and a controller configured to cause negative pressure therapy to
be administered in use to a wound via the drain line.

6. A product as claimed in claim 5, wherein the controller is further configured to cause hyperbaric fluid therapy to be
administered in use to a wound via the supply line.

7. The product as claimed in claim 6, wherein apparatus is configured to administer the negative pressure therapy and
hyperbaric fluid therapy intermittently.

8. The product as claimed in claim 6, wherein the fluid source is configured to supply a constant flow of fluid such that
the administration of negative pressure therapy is accomplished by activating the negative pressure source and the
administration of hyperbaric fluid therapy is accomplished by deactivating the negative pressure source.

9. The product as claimed in claim 6, wherein the apparatus is configured to administer negative pressure therapy by
activating the negative pressure source and reducing the flow of fluid from the fluid source.

10. The product as claimed in claim 6, wherein the apparatus is configured to administer negative pressure therapy by
not having any flow from the fluid source.

11. The product as claimed in claim 6, wherein the apparatus is configured to administer hyperbaric fluid therapy by
deactivating the negative pressure source and increasing the flow of the fluid from the hyperbaric fluid source,

12. The product as claimed in claim 1, in which the pad is cation active.

Patentansprüche

1. Produkt zum Verbinden einer Wunde, umfassend ein eine Wunde verbindendes Kissen aus hydrophobem Gewebe,
das so behandelt wird, daß es Mikroorganismen bindet, ferner umfassend eine Vorrichtung zur Behandlung einer
Wunde eines Patienten, wobei der Wundverband einer Unterdrucktherapie unterworfen wird, wobei ferner das
Wundbehandlungskissen wenigstens eine flüssigkeitsdurchlässige Schicht eines hydrophoben, Bakterien absor-
bierenden, physiologisch unschädlichen Materials aufweist, das einen gewebten oder nicht gewebten hydrophilen
Stoff enthält, der durch chemische Behandlung mit einer Verbindung, die hydrophobe Gruppen aufweist, hydrophob
gemacht worden ist, und wobei ferner das die Wunde behandelnde Kissen eine gefaltete Azetatgaze sowie Baum-
wollgaze aufweist, die mit einer Verbindung behandelt ist, welche hydrophobe Gruppen enthält, ausgewählt aus
der Gruppe, die sich aus Dialkyl-Carbamoyl-Chlorid, Dioctadecyl-Carbamoyl-Chlorid und Alkylketindimere zusam-
mensetzt.

2. Produkt nach Anspruch 1, dadurch gekennzeichnet, daß die Vorrichtung so gebaut ist, daß zum Verbinden der
Wunde die Unterdrucktherapie mit hyperbarischen Sauerstoffbehandlungen abwechselt.

3. Produkt nach Anspruch 1, dadurch gekennzeichnet, daß das Wundverbindungskissen wenigstens eine Schicht
eines hydrophilen, Flüssigkeit absorbierenden, physiologisch unschädlichen Materials aufweist, das im Gebrauch
dahingehend wirkt, daß Flüssigkeit durch Unterdruck von Ausscheidungen aus einer Wunde fließt, und zwar durch
wenigstens eine flüssigkeitsdurchlässige Schicht aus hydrophobem, Bakterien absorbierendem, physiologisch un-
schädlichem Material.

4. Produkt nach Anspruch 1, dadurch gekennzeichnet, daß das Wundverbindungskissen ein zusammengesetztes
absorbierendes Material aufweist, das an dem hydrophoben Gewebe angebracht ist.

5. Produkt nach Anspruch 1, dadurch gekennzeichnet, daß die Vorrichtung des weiteren eine Drainageleitung auf-
weist, welche so gebaut ist, daß sie an einer Unterdruckquelle angebracht werden und Ausscheidungen aus einer
Wunde entfernen kann, daß eine Zuflußleitung vorgesehen ist, die an einer Fluidquelle anzubringen ist und dazu
dient, ein Fluid einer Wunde zuzuführen, und daß eine Steuereinrichtung vorhanden ist, die so gebaut ist, daß sie
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bei Benutzung eine Unterdrucktherapie für eine Wunde über die Drainageleitung steuert.

6. Produkt nach Anspruch 5, dadurch gekennzeichnet, daß die Steuervorrichtung des weiteren so gebaut ist, daß
sie eine hyperbarische Fluidtherapie bewirkt, die bei Benutzung über eine Zuflußleitung der Wunde gesteuert wird.

7. Produkt nach Anspruch 6, dadurch gekennzeichnet, daß die Vorrichtung so gebaut ist, daß sie die Unterdruck-
therapie und die hyperbarische Fluidtherapie intermittierend anwendet.

8. Produkt nach Anspruch 6, dadurch gekennzeichnet, daß die Fluidquelle so gebaut ist, daß sie einen konstanten
Fluidfluß liefert, so daß die Anwendung der Unterdrucktherapie durch Aktivieren der Unterdruckquelle erreicht wird
und die Anwendung der hyperbarischen Fluidtherapie durch Deaktivierung der Unterdruckquelle bewirkt wird.

9. Produkt nach Anspruch 6, dadurch gekennzeichnet, daß die Vorrichtung so gebaut ist, daß die Unterdrucktherapie
durch Aktivieren der Unterdruckquelle und Verringerung des Fluidflusses von der Fluidquelle bewirkt wird.

10. Produkt nach Anspruch 6, dadurch gekennzeichnet, daß die Vorrichtung so gebaut ist, daß die Unterdrucktherapie
angewendet wird, indem keinerlei Fluß von der Fluidquelle stattfindet.

11. Produkt nach Anspruch 6, dadurch gekennzeichnet, daß die Vorrichtung so gebaut ist, daß die Anwendung der
hyperbarischen Fluidtherapie durch Deaktivieren der Unterdruckquelle und Steigerung des Fluidflusses aus der
hyperbarischen Fluidquelle bewirkt wird.

12. Produkt nach Anspruch 1, dadurch gekennzeichnet, daß das Kissen kationaktiv ist.

Revendications

1. - Produit pour panser une plaie, comprenant :

un tampon de pansement de plaie d’un tissu hydrophobe qui est traité pour fixer des micro-organismes ; et
un appareil pour le traitement d’une plaie sur un patient qui applique une thérapie par pression négative au
pansement de plaie ;
dans lequel le tampon de pansement de plaie comprend au moins une couche, perméable aux liquides, d’une
matière physiologiquement inoffensive absorbant les bactéries, hydrophobe, contenant un tissu hydrophile tissé
ou non tissé qui a été rendu hydrophobe par traitement chimique avec un composé contenant des groupes
hydrophobes ;
dans lequel le tampon de pansement de plaie comprend une gaze d’acétate pliées et une gaze de coton traitées
avec un composé contenant des groupes hydrophobes choisi dans le groupe constitué par le chlorure de dialkyl
carbamoyle, le chlorure de dioctadecyl-carbamoyle et les dimères d’alkyle cétène.

2. - Produit selon la revendication 1, dans lequel l’appareil est configuré pour alterner la thérapie par pression négative
avec des traitements par oxygène hyperbare du pansement de plaie.

3. - Produit selon la revendication 1, dans lequel le tampon de pansement de plaie comprend au moins une couche
d’une matière physiologiquement inoffensive, absorbant les liquides, hydrophile, qui en utilisation effectue un flux
de liquide par aspiration d’exsudats à partir d’une plaie à travers l’au moins une couche, perméable aux liquides,
de matière physiologiquement inoffensive absorbant les bactéries, hydrophobe.

4. - Produit selon la revendication 1, dans lequel le tampon de pansement de plaie comprend une matière absorbante
montée, attachée au tissu hydrophobe.

5. - Produit selon la revendication 1, dans lequel l’appareil comprend en outre une ligne de drainage configurée pour
une fixation à une source de pression négative et pour retirer de l’exsudat à partir d’une plaie ; une ligne de distribution
configurée pour une fixation à une source de fluide et pour distribuer du fluide à une plaie ; et une unité de commande
configurée pour amener une thérapie par pression négative à être administrée, en utilisation, à une plaie par l’in-
termédiaire de la ligne de drainage.

6. - Produit selon la revendication 5, dans lequel l’unité de commande est en outre configurée pour amener une thérapie
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par fluide hyperbare à être administrée, en utilisation, à une plaie par l’intermédiaire de la ligne de distribution.

7. - Produit selon la revendication 6, dans lequel l’appareil est configuré pour administrer de manière intermittente la
thérapie par pression négative et la thérapie par fluide hyperbare.

8. - Produit selon la revendication 6, dans lequel la source de fluide est configurée pour distribuer un flux constant de
fluide de telle sorte que l’administration de la thérapie par pression négative est accomplie par activation de la
source de pression négative et l’administration de la thérapie par fluide hyperbare est accomplie par désactivation
de la source de pression négative.

9. - Produit selon la revendication 6, dans lequel l’appareil est configuré pour administrer la thérapie par pression
négative par activation de la source de pression négative et réduction du flux de fluide provenant de la source de fluide.

10. - Produit selon la revendication 6, dans lequel l’appareil est configuré pour administrer la thérapie par pression
négative par le fait de n’avoir aucun flux provenant de la source de fluide.

11. - Produit selon la revendication 6, dans lequel l’appareil est configuré pour administrer la thérapie par fluide hyperbare
par désactivation de la source de pression négative et augmentation du flux du fluide provenant de la source de
fluide hyperbare.

12. - Produit selon la revendication 1, dans lequel le tampon est cationique.
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