Form P.8

REPURLIC OF SOUTH AFRICA
PATENTS'ACT, 1978

PUBLICATION PARTICULARS AND ABSTRACT
(Section 32(3)(a) — Regulations 22(1)(g) and 31)

(To be lodged in duplicate)

| REFERENCE: P32792ZA00

OFFICIAL APPLICATIONNO. ~ » h = LODGING DATE

21 |01 @ UB / UZ0O P | 07 April 2006 43

ACCEPTANCE DATE Z‘Ii%'m‘

INTERNATIONAL CLASSIFICATION
51 | A61F, A61M

FULL NAME(S) OF APPLICANT(S) [

NOT FOR PUBLICATION

CLASSIFIED BY:

SMITH & NEPHEW PLC

71

FULL NAME(S) OF INVENTORS ]

BLOTT, Patrick Lewis
GREENER, Bryan
HARTWELL, Edward Yerbury
LEE-WEBB, Julian

NICOLINI, Derek

72

| EARLIEST PRIORITY CLAIMED COUNTRY

NUMBER

DATE

NOTE: The country must be indicated by its H H
International Abbreviation ~ see Schedule 4 United Klngdom
Of the Regulations

33

31

0325129.5

32

28 October 2003

TITLE OF INVENTION |

54 | WOUND CLEANSING APPARATUS IN-SITU

57 | ABSTRACT (NOT MORE THAN 150 WORDS)

NUMBER OF PAGES | |

FOR ABSTRACT SEE THE NEXT SHEET




=
Wi
>
S

-

~u2006 /0288

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
Intemational Burcau

ORI I O SR R A

(10} International Publication Number

t43) International Publication Date

9 June 2005 (09.06.2005) PCT WO 2005/051461 Al

051461 A 1|00 0000

HUIS 1EP(GB). LEE-WEBB, Julian {GB/GBY; 37 )
Lane, Copmanthompe, York YO23 311 (GB)Y. NMCOLINI,
Derek {GB/GBJL 38 Castle Rise, Suuth Cate, Brough
Application Number: (IS ZET (GBy
PCT/GB2004/AK4539

(21 Internation?

(74) Agent: DRAGGETT, Peter; Sarith & Nephew ple, Re-
28 Octoher 200 ¢28.10.2004) search Centre, York Sciencg sk, Heslington, York YOIO

SDE (GB).

(22) International Filing Date?

125) Filing Language: oglish — (%1) Designated Stpu runless othersise mdicated, for every
o kind of nagetial protection availabler: AE, AG, AL. AM.
Lnglish NEAAZ. BAL BB, BG. BR. BW, BY. BZ, CA. CIL ON,
S CR, CU, CZ, DE, DK, DM, DZ, 1:C, EE, EG, LS, I,
GB, GD, GE, GH, GM, IR, [IU, ID, L, IN IS, JP. KE,
KG, KP KR, KZ, LC, LK, LR, LS, L1, LU, LV, MA, MD,
3, MK, MIN, MW, MX, MZ, NA, N1, NO, NZ, OM, PG,
PT, RO, RU, SC, SD, SE, SG, SK. SL.. SY, TJ. TV,
JZ. UA UG US. UZ, VC. VN, YU, ZA. ZM.

{26) Publication Lunguuge:

(30) Priority Data:
0325129.5 28 October 2003 (28.10.2003) GB

(70 Applicant (for all designated States except US):
& NEPHEW PLC [GR/GBY, 15 Adam St
WOIN 6LA (GB).

{72) Inventors; and (84) Designated States (uideys othenvise indicated. for everv

{uventors/Applicants (for

L. SZ T2, UG, 7M.
SN RUTTI M)

erbury |GB/GBY: 3 Haven Garth, Brough, Hull FR.GB. GROFIUTE T LU MC NLL PLLPE SELSIL

[ Continued on net p

(54) Title: WOUND CLEANSING APPARATUS IN-SITU

{371 Abstract: A0 sprarotus for Sleursing wotnds, in which irrtrant Tad from aoresenvoir connecied o d cuitorran’e weeund
Gressing and we wid ey idaie from e dressing are secireulated by o dovice for moving Nuid theeueh a Tow path wRich passes through
the dressing und aimeans LoriTid cleansing and Sk w ke dressing, znd in which the cleansing means sits 0 the wound in yse. 1he
cleunsing means wich may Beasingiephase. egs micra - mien, syslem ord twosrhase, ¢ g dralyGie sy stemi remaves materiyls
Jdelaterioas o wound bealing, and the cleansed Nuid, il containing avateriubs that are bereticial in proanoting wawnd healing, is
retumed to the wound Ped. Abso, the dressing ard 4 method of treatrient asing the apparaius.



WO 2005/051461 PCT/GB2004/004549

WOUND CLEANSING APPARATUS IN-SITU

The present invention relates to apparatus and a medical wound dressing for
cleansing wounds, and a method of treating wounds using such apparatus.

It relates in particular to such an apparatus, wound dressing and method that
can be easily applied to a wide variety of, but in particular chronic, wounds, to
cleanse them of materials that are deleterious to wound healing, whilst retaining
materials that are beneficial in particular to wound healing.

10
Before the present invention, aspirating and/or irrigating apparatus were known,
and tended to be used to remove wound exudate during wound therapy. In
known forms of such wound therapy, the offtake from the wound, especially

. when in a highly exuding state, is voided to waste, e.g. to a collection bag.

15 S : )
Materials deleterious to wound healing are removed in this way. However,
materials that are beneficial in promoting wound healing, such as growth

“factors, cell matrix components, and other physiologically active components of
the exudate from a wound are lost to the site where they can be potentially of

20 most benefit, i.e. the wound bed, when such therapy is applied. '

Such known forms of wound dressing and aspiration and/or irrigation therapy

systems thus often create a wound environment under the dressing that may

resuft in- the loss of optimum performance of the body’s own tissue healing
25 pmcesses ‘and iri slow healing, and/or in weak new tissue growth that does not
o havea strong three-dimensional structure adhering well to and growing from the

wound bed. This is a significant disadvantage, in particular in chronic wounds.

~ ltthus would be desirable to provide a system of therapy which
30 ~ a) can remove materials deleterious to wound healing’ from wound exudate,
- whilst
a) ‘rgtaining materials that are beneficial in promoting wound healing in contact

T

WY with the wound bed.

35 B’taiys:s is a known methodof treating bodily fluids such as biood ex vivo, to
cleanse them of materials that are. deleterious to the body systemically.
Rerioval of such materials by contact with the dialysate is the prime purpose of
dialysis, whilst also retaining materials such as blood, cells and proteins. Other

SUBSTITUTE SHEET (RULE 26)
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“inaterials that may have an additional positive therapeutic action are potentially
lost to the system through the dialysis membrane, which is also permeable to
them. The balance of such materials in the bodily fiuid in recirculation may thus
be further depleted.

It would be desirable to provide a system of therapy that can remove materials
deleterious to wound healing from wound exudate, without substantially diluting
materials that are beneficial in promoting wound healing in contact with the
wound bed, and which can continuously supply and recirculate such materials
to the wound simultaneously.

‘Dialysis for treating bodily fluids is also a systemic therapy, since the treated
- ﬂmd is returned to within the body. This is in contrast to a topical therapy in
which the treated fluid is recycled outside the body, e.g. to a wound.

Dialysis also requires large amounts efther of bodily fluids, such as blood, or
dialysate, and consequently the relevant devices tend not to be portable. Even
when in a highly exuding state, chronic wounds produce relatively littie fluid to
‘be 'treated compared with internal bodily systems and relatively litle materials
gﬁarebeneﬂualmsomemempeutlcaspectmberefamed in the wound

. aﬂ@or its environment.

e ]

25

1. an object of the present invention

a) fo obviate at least some of the abovementioned disadvantages of known
~ aspiration and/or imigation therapy systems, and

b) to provide a system of therapy which can '

**.{) remove materials deleterious to wound healing from wound exudate,
.. whilst

-ii) retalmng materials that are beneficial in promotmg wound healing in
" contact with the wound bed.

it is a further object of the present invention

g)’ to obviate at least some of the abovementioned disadvantages of known
‘-dlalysis systems, and

e )
s

. R
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b) to provide a system of therapy which can remove materials deleterious to
wound healing from wound exudate, whilst retaining materials that are
beneficial in promoting wound healing in contact with the wound bed,

¢) without affecting the body systemically.

5

It is a yet further object of the present invention

a) to obviate at least some of the abovementioned disadvantages of known
dialysis systems, and

b) to provide a system of therapy which can remove materials deleterious to

10 wound healing from wound exudate, whilst retaining materials that are

beneficial in promoting wound healing in contact with the wound bed, and

c) is portable. '

Vascular supply to, and circulation in, tissue underlying and surrounding. the

15 wound is often.compromised. It is a further object of the present invention to

pmvide a system of therapy that retains and supplies therapeutically active

amounts of materials that are beneficial in reversing this effect whilst removing
deleterious materials, thereby promoting wound healing.

20 Thus, according to a first aspect of the present invention there is provided an
o apparatus for cleansing wounds, comprising
" .. conformable wound dressing, having
K beckmg Iayer which is capable of forming a relatively ﬂund-tlght seal or closure
o : wera wound and
.. "25"chatdcterised in that it also comprises
'a) a cleansing means for selectively removing materials that are deleterious to
wound healing from wound exudate, which means is under the backing layer
and sits in the underlying wound in use and
‘b) a moving device for moving fluid through the cleansing means, and
30 o optlonally bleed means for bieeding the cleansmg means.

»,-

o r_fﬁe term ‘bleéd means for bleeding the cleansing means’ includes any
S bieed means that is in fluidic communication mth the cleansing means.

35 Materials deleterious to wound healing are removed by the cleansing means,
and the cleansed fluid remains in and/or is retumed to the wound.
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The fluid thus retains naturally occurring materials in the wound exudate that
are potentially beneficial to wound healing in therapeutically active amounts

5 The apparatus for cleansing wounds of this first aspect of the present invention
is based on this principle: by moving fluid through the cleansing means, the
moving device continually brings materials that are deleterious to wound healing
and the cleansing means into mutual dynamic contact, rather than relying on
the passive movement of such materials, e.g. by diffusion under a chemical

10 potential gradient in a fluid. Their removal from the wound exudate occurs more
rapidly with such fluid movement.

There are various embodiments of the apparatus of the first aspect of the
present invention for different types of application, including in particular those

15  that are described in detail hereinafter. No matter how different they may be, it
is believed that they may be classified into the following functional types,
typified by which fluid passes through the cleansing means:

1 A singie—phase system

20, .
I In this, the fluid that is moved through the means for fiuid cleansing is
" wolund exudate optionally mixed with an irrigant. This passes into, ‘through
* and out of the cleansing means, e.g. a chamber under the backing layer,
L and back to the wound bed. Materials deleterious to wound healing pass
. 25 -"mto and are removed by the means for fluid cleansing before retumn of the

cleansed fluid to the wound bed.

. fﬁfi'h"mulﬁpl'e-phase system’

LT

30 ""ln this, the wound exudate remains in the wound, and does not pass into
{"f ‘the cleansing means on a macro-scale. The means for fiuid cleansing often
comprises a chamber containing a second, cleansing fluid, most usually a

" fluid (dialysate) phase. The latter is separated from the wound exudate by
‘means of a permeable integer, for example often a polymer film, sheet or
35 membrane. The fiuid that is moved through the means for fluid cleansing

R A
S
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by the device for moving fluid is the cleansing fluid and/or the wound
exudate optionally mixed with irrigant.

In both single- and multiple-phase systems, it may be appropriate to design and
run the device to move fluid through the wound or the cleansing means to
operate the system as a ‘circulating system’.

In this, the relevant fluid passes through the cleansing means one or more
times in only one direction.

Altematively, where appropriate it may be provided in the form of a ‘reversing
system’. That is, the relevant fluid passes through the cleansing means at least

_once in opposing directions.

15

20

25

Cimaie e

The apparatus of the first aspect of the present invention may however in
different types of application be operated both as a circulating system and
as a reversing system, in which the relevant fluid passes through the
cleansing means at least once in the same and In opposing directions.
(See Figure 2 hereinafter).

Thé type of cleansing means may determine the appropriate design and mode

- oﬁunning the present apparatus.

The cleansing means may as desired be operated as a 'single-pass system’,
i.e. the relevant fluid passes through the cleansing means only once.

_L’Altemahvely where appropriate it may be provided in the form of a ‘multiple-
'pasb system’, in which the relevant fluid passes through the cleansing means:

35

‘ #mélfor over the wound bed several times.
.80, i

5

l"gwill be seen that the combination of these parameters create a number of
méjn embodiments of the present invention. In summary, these are: -

1. A 'single-phase system’
' a)as a ‘circulating system’, in which the wound exudate and optionally
irmigant passes through the cleansing means one or more times in only
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one direction (Examples of such a system are shown in Figures 2, 4, 8, 9,
11 and 15 hereinatfter.), or

b) as a ‘reversing system’, i.e. the wound exudate and optionally irrigant
passes through the cleansing means at least once in opposing directions.
(Examples of such a system are shown in Figures 1, 2, 3, 6, 7, 10 and 14
hereinafter.)

This type of cleansing may be operated as a

i) ‘single-pass system’, i.e. the relevant fluid passes through the cleansing
means only once, or

ii) as ‘multiple-pass system’, in which the relevant fluid passes through the
cleansing means and/or over the wound bed several times.

2 . A ‘multiple-phase system’
~ @) as a ‘circulating systen’, in which

(i) the wound exudate and optionally irrigant and/or
(ii) a cleansing fluid
each passes through the cleansing means one or more times in only one
direction (Examples of such a system are shown in Figures 12 and 13
hereinafter.), or

b) as a ‘reversing system’, i.e.
()’ the wound exudate and optionatly irrigant and/or
(i) a cleansing fluid ‘
each passes through the cleansing means at least once in opposing
directions. '

This type of cleansing may be operated as a
i) ‘single-pass system’, i.e. the relevant fluid passes through the cleansing
means only once, or :

'io as ‘multiple-pass system’, in which the relevant fluid passes through the
<4+~ tleansing means andlor over the wound bed several times.

In such a ‘muttiple-phase system', where both the cleansing fiuid and/or the

wound exudate optionally mixed with irrigant are moving, the flows may be
cocurrent or countercurrent, preferably countercurrent.
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Figures 12a and 13 in which the exudate is static and a cleansing fluid
passes through the cleansing means one or more times in only one
direction, and

Figure 12b, in which the exudate and optionally irrigant and a cleansing
fluid each pass through the cleansing means one or more times in only one
direction, here countercurrent to each other.

The general features of the dressing of the present invention will now be
described, followed by specific features related to specific cleansing means
within the dressing.

in all embodiments of the apparatus of this first aspect of the present invention
for cleansing wounds, a particular advantage is the tendency of the ‘wound
dressing to conform to the shape of the bodily part to which it is applied.

A 'The wound dressing comprises a backing layer with a wound-facing face which
is capable of forming a relatively fluid-tight seal or closure over a wound.

The term ‘relatively fluid-tight seal or closure’ is used herein to indicate one

which is fluid- and microbe-impermeable and pemmits a positive or negative
presSure of up to 50% atm., more usually up to 15% atm. to be applied to the
wound. The term ‘fluid’ is used herein to include gels, e.g. thick exudate,
liquids, e.g. water, and gases, such as air, nitrogen, etc.

 The shape of the backing layer that is appiied may be any that is-appropfiate ¥

aspirating, irrigating and/or cleansing the wound across the area of the wound.

R

E E_Xafhples of such include a substantially flat film, sheet or membrane, or a bag,

chamber, pouch or other structure of the backing layer, e.g. of polymer fim,
which can contain the necessary fluids.

The backing layer may be a film, sheet or membrane, often with a (generally
uniform) thickness of up to 100 micron, preferably up fo 50 micron; more
preférably up to 25 micron, and of 10 micron minimum thickness.
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~ Thay also include thermoplastic elastomers and elastomer blends, for example

\1-.;;,(:_nglwners, such as ethyl vinyl acetate, optionally or as necessary blended with
high-impact polystyrene. o

25

30 T |
" ‘Tha Backing layer is capable of forming a relatively fluid-tight seal or closure

e

A Ny
< N
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Its largest cross-dimension may be up to 500 mm (for example for large torso
wounds), up to 100 mm (for example for axillary and inguinal wounds), and up

to 200 mm for fimb wounds (for example for chronic wounds, such as venous
leg ulcers and diabetic foot uicers.

Desirably the dressing is resiliently deformable, since this may result in
increased patient comfort, and lessen the risk of inflammation of a wound.

Suitable materials for it include synthetic polymeric materials that do not absorb
aqueous fluids, such as

polyolefins, such as polyethylene e.g. high-density polyethylene, polypropylene,
CObolymers thereof, for example with vinyl acetate and polyvinyl aicohol, and

“mixtures thereof;

polysilaxanes;

polyesters, such as polycarbonates;
polyamides, e.g. 6-6 and 6 - 10, and
hydrophobic polyurethanes.

They may be hydrophilic, and thus also include hydrophilic polyurethanes.

They further include elastomeric polyurethane, particularly polyurethane formed
by solution casting. :

Préferred materials for the present wound -dressing include themmoplastic

élastomers and curable systems. -

N S
ER TN

over the wound and/or around the inlet and outlet pipe(s).

However, in particular around the periphery of the wound dressing, outside the
relatively fluid-tight seal, it is preferably of a material that has a high moisture

-vapour permeability, to prevent maceration of the skin around the wound. |t

T

5
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may also be a switchable material that has a higher moisture vapour
permeability when in contact with liquids, e.g. water, blood or wound exudate.
'This may, e.g. be a material that is used in Smith & Nephew's Allevyn™,
IV3000™ and OpSite™ dressings.

The periphery of the wound-facing face of the backing layer may bhear an
adhesive film, for example, to attach it to the skin around the wound.

This may, e.g. be a pressure-sensitive adhesive, if that is sufficient to hold the
wound dressing in place in a fiuid-tight seal around the periphery of the wound-
facing face of the wound dressing.

~ Alternatively or additionally, where appropriate a light switchable adhesive could

-bg used to secure the dressing in place to prevent leakage. (A light switchable

“adhesive is one the adhesion of which is reduced by photocuring. Its use can
be beneficial in reducing the trauma of removal of the dressing.)

Thus, the backing layer may have a flange or lip extending around the proximal

face of the backing layer, of a transparent or translucent material (for which it

will be understood that materials that are listed above are amongst those that
_are suitable).

fﬁ& béars 4 film of a light switchable adhesive to secure the dressing in place

- g phevent leakage on its proximal face, and a layer of opaque material on its

distal face.

TS remove the dressing and not cause excessive trauma in removal of the
dressing, the layer of opaque material on the distal face of the flange or lip

: _g;t,ending around the wound is removed prior to application of radiation of an

" appopriate wavelength to the flange or fip.

S .
Pael il an 3

s '_lff',iféé-pe'riphery of the wound dressing, outside the relatively fluid-tight seal, that

bears an adhesive film to attach it to the skin around the wound, is of a material
that has a high moisture vapour permeability or is a switchable material, then
the adhesive film, if continuous, should also have a high or switchable moisture
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vapour permeability, e.g. be an adhesive such as used in Smith & Nephew’s

~Afievyn™, [V3000™ and OpSite™ dressings.

In a number of main embodiments of the present invention (summarised
above), irrigant and/or wound exudate is moved in and out of the dressing.

This may be done under negative pressure on the dressing. Such a vacuum
may be used to hold the wound dressing in place in a ﬂuid-tight seal around the
periphery of the wound-facing face of the wound dressing.

This removes the need for adhesives and associated trauma to the patient's
skin, and the wound dressing may be merely provided with a silicone flange or

iip‘-tb- seal the dressing around the wound.

AIfernatively, the flow of imigant and/or wound exudate in and out of the
dressing may be under positive pressure, which will tend to act at peripheral
points to lift and remove the dressing off the skin around the wound.

rnéuch use of the apparatus, it may thus be necessary to provide means for

forming and maintaining such a seal or closure over the wound against such

- posﬁ!ve préssure on the wound, to act at peripheral points for this purpose.

Examples of such means include light switchable adhesives, as above, to
secure the dressing in place to prevent ieakage.

Since the adhesion of a light switchable adhesive is reduced by photocuring,

" thereby reducing the trauma of removal of the dressing, a film of a more

aggressive adhesive may be used, e.g. on a flange, as above.

Examples of suitable fluid adhesives for use in more extreme conditions where

trauma to the patient’s skin is tolerable include ones that consist essentially of
ciénoacrylate and like tissue adhesives, applied around the edges of the wound
andfor the proximat face of the backing tayer of the wound dressing, e.g. on &

fange or lip.
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Further suitable examples of such means include adhesive (e.g. with pressure-
sensitive adhesive) and non-adhesive, and elastic and non-elastic straps,
bands, loops, strips, ties, bandages, e.g. compression bandages, sheets,
covers, sleeves, jackets, sheathes, wraps, stockings and hose.

The latter include, e.g. elastic tubular hose or elastic tubular stockings that are a
compressive fit over a limb wound to apply suitable pressure to it when the
therapy is applied in this way.

Suitable examples also include inflatable cuffs, sleeves, jackets, trousers,
sheathes, wraps, stockings and hose that are a compressive fit over a limb
wound to apply suitable pressure to it when the therapy is applied in this way.

- Such means may each be laid out over the wound dressing to extend beyond

the periphery of the backing layer of the wound dressing.

wound and/or itself and as appropriate will apply compression (e.g. with elastic
bandages, stockings) to a degree that is sufficient to hold the wound dressing in
place in a fluid-tight seal around the periphery of the wound,

. Such means may each be integral with the other components of the dressing, in

particular the backing layer.

, it may be permanently attached or releasably attached to the
drbssmg, in partlcular the backing layer, with an adhesive film, for example, or
these components may be a Velcro ™, push snap or twist-lock fit with each
other.

The means and the dressing may be separate stmctures permanenﬂy
‘uﬁéttadbd to each other.

_Aln a, more sultable layout for higher positive pressures on the wound, a stiff

ﬂangb or lip extends around the periphery of the proximal face of the backing
layer of the wound dressing as hereinbefore defined.
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The flange or lip is concave on its proximal face to define a peripheral channel
or conduit.

It has a suction outlet that passes through the flange or lip to communicate with
the channel or conduit and may be connected to a device for applying a
vacuum, such as a pump or a piped supply of vacuum.

The backing layer may be integral with or attached, for example by heat-
sealing, to the flange or lip extending around its proximal face.

To form the relatively fluid-tight seal or closure over a wound that is needed and
to prevent passage of irmigant and/or exudate under the periphery of the wound-
facing face of the wound dressing, in use of the apparatus, the dressing is set
on the skin around the wound. "

" The device then applies a vacuum to the interior of the flange or lip, thus

forming and maintaining a seal or closure acting at peripheral points around the

- wound against the positive pressure on the wound.

With all the foregoing means of attachment, and means for forming and
maintaining a seal or closure over the wound, against positive or negative
pressure on the wound at peripheral points around the wound, the wound
dr%slng sealing periphery is preferably of a generally round shape, such as an

: .eilpse and in particular circular.

A’s’,t?ricihed above, the cleansing means for selectively removing materials that are

- deleterious to wound healing from wound exudate, which means is under the

backing layer and sits in the underlying wound in use, often comprises a
chamber. A permeable integer, e.g. a sheet, film or membrane, forms part of
the chamber wall.

" . In single-phase systems, the device to mave fluid moves wound exudate in and

35

| ouf of the cleansing means through the pemmeable integer, either as a
. ‘drculating system’ or a reversing system.
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In two-phase systems, the chamber contains a cleansing fluid, most usually a
fluid (dialysate) phase. The latter is separated from the wound exudate by
means of the permeable integer. The fluid that is moved within the means for
fiuid cleansing by at least one device for moving fluid is the cleansing fluid.
and/or the wound exudate optionally mixed with irrigant.

The general features of the cleansing means of the present invention will now
be described, followed by specific features related to specific cleansing means
within the dressing.

The cleansing chamber is a resiliently flexible, e.g. elastomeric, and preferably
soft, structure with good conformability to wound shape.

it is favourably urged by its own resilience against the backing layer to apply
gantie pressure on the wound bed.

The cleansing chamber may be integral with the other components of the
dressing, in particular the backing layer.

Akernatively, it may be permanently attached to them/it, with an adhesive film,
for example, or by heat-sealing, e.g. to a flange or lip extending from the
proximal face, so as not to disrupt the relatively fluid-tight seal or closure ovef
the-wound that is needed. g B

L&ss usually, the cleansing chamber is releasably attached to the backing layer,

with an adhesive film, for example, or these components may be a push, shap
ortwist-lock fit with each other.

“The cleansing chamber and the backing layer may be separate structures,

permanently unattached to each other.

Ll
:

[ { may be in the form of, or comprise one or more conformable hollow bodies

' dﬁned by a film, sheet or membrane, such as a bag, cartridge, pouch or other

< fike structure.

35

The film, sheet or membrane, often has a (generally uniform) thickness of up to
1 ‘mm, preferably up to 500 micron, more preferably from 20 micron to 500

3
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micron minimum thickness, and is often resiliently flexible, e.g. elastomeric, and

preferably soft.

Such a film, sheet or membrane is often integral with the other components of
the dressing, in particular the backing layer, or permanently attached to them/it,
with an adhesive film, for example, or by heat-sealing, e.g. to a flange.

However, when used herein the term 'chamber’ includes any hollow body or
bodies defined by a film, sheet or membrane, and is not limited to a bag, pouch
or other like structure.

it may be formed of a film, sheet or membrane of a polymeric material is in a
more convoluted form.

This may be in the form of elongate structures, such as pipes, tubes hollow
fibres or filaments or tubules, e.g. in an amay with spaces therebetween,
running between an inlet and an outlet manifold.

The chamber, especially when it is a bag, cartridge, pouch or other like
strixcture in which the cleansing fluid is contained, may suitably fill much or all of
the wound space when in use during wound therapy. it may be desired to limit
the remaining wound space volume under the backing layer with a filler where
this is not the case, or to adjust the volume of the chamber to do so.

Where the chamber and the backing layer are separate structures, not directly

" aftached to each other, such a filler may conveniently lie between the chamber

aﬁd the backing layer to separate the structures, or within the chamber, so that
the'chamber may lie directly in contact with the wound bed.

The filler is favourably a resiliently flexible, e.g. elastomeric, and preferably soft,
stiucture with good conformability to wound shape. The chamber may be urged

 its own resilience and that of the filler to apply gentle pressure on the wound
bed:

-t

'Ez(lamples of su_itable forms of such wound fillers include foams formed of a
suftable material, e.g. a resilient thermoplastic. Preferred materials for the
present wound dressing include reticulated fitration polyurethane foams with
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small apertures or pores. (Examples of such a filler are shown in Figures 7, 10,
11 and 13 hereinafter.)

Alternatively or additionally, it may be in the form of, or comprise one or more

5 conformable hollow bodies defined by a film, sheet or membrane, such as a
bag, pouch or other structure, filled with a fluid or solid that urges it to the
wound shape.

Examples of suitable fluids contained in the hollow body or bodies defined by a

10  film, sheet or membrane include gases, such as air, nitrogen and argon, more
usually air, at a small positive pressure above atmospheric; and liquids, such as
‘water, saline.

Examples also include gels, such as silicone gels, e.g. CaviCare™ gel, or
15 préferably cellulosic gels, for example hydrophilic cross-linked cellulosic gels,
such as Intrasite ™ cross-linked materials. ‘Examples also include aerosol
foams, where the gaseous phase of the aerosol system is air or an inert gas,
sti¢h as nitrogen or argon, more usually air, at a small positive pressure above
atmospheric; and solid particulates, such as plastics crumbs.
20.. ..
Suéh a filler may be inflatable and deflatable with the fluid, such as a gas, e.g.
air or nitrogen, or a liquid, such as water or saline, to apply varying pressure to
the chamber and wound space if provided with one or more inlet and/or outlet
pipes. ‘
25 .
Of course, if the backing layer is a sufficiently conformable and/or e.g. a
downwardly dished sheet, the backing layer may lie under the wound filler,
~_rather than vice versa. Figure 6 shows such a resiliently flexible, balloon filler,
" which is inflatable and deflatable with a fluid, defined by the backing layer and a
30 rigid polymer dome that is impermeable and permanently attached to the distal
face of the backing layer

In this type of layout, in order for the wound filler to urge the wound dressing

v . fowards the wound bed, it will usually have to be firmly adhered or otherwise
35 releasably attached to the skin around the wound. This is especially the case in
#hose embodiments where the wound filler and the backing layer are separate
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structures, permanently unattached to each other. Figure 7 shows a variant of
the apparatus with such a resiliently flexible balloon filler above the backing
layer.

The specific nature of the chamber will depend largely on the type of cleansing
means that is employed.

The apparatus of the invention for aspirating, irmigating and/or cleansing wounds

is provided with means for fiuid cleansing, which may be

a) a single-phase system, such as an ultrafiltration unit, or a chemical
~ adsorption unit; or

b) a two-phase system, such as a dialysis unit.

In the former, eireulating fluid from the wound passes through a single flow
path in which materials deleterious to wound healing are removed and the
cleansed fluid, still containing materials that are beneficial in promoting wound

heating is retumed to the wound.

Examples of such systems are shown in Figures 1 and 2 hereinafter.

" The means for fluid cleansing in such a system may include a macro- or

microfitration unit, which appropriately comprises one or more macroscopic
aridfor microscopic filtters. These are to retain particulates, e.g. cell debris and
micro-organisms, allowing proteins and nutrients to pass through.

The membrane may preferably be of a hydrophilic polymeric material, such as a
éellulose acetate — nitrate mixture, polyvinylidene chioride, and, for example
,hydmpﬁiﬁc polyurethane.

Ty

Exalnples of less preferred materials include hydrophobic materials also
inclg:ding polyesters, such as polycarbonates, PTFE, and polyamides, e.g. 6-6
anid 6 - 10, and hydrophobic polyurethanes, and quartz and glass fibre.
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"It has microapertures or micropores, the maximum cross-dimension of which

will largely depend on the species that are to be selectively removed in this way
and those to which it is to be permeable.

The former may be removed with microapertures or micropores, €.g. typically
with a maximum cross-dimension in the range of 20 to 700 micron, e.g. 20 to 50
nm (for example for undesired proteins), 50 to 100 nm, 100 to 250 nm, 250 to
500 nm and 500 to 700 nm.

Alternatively, this part of a means for wound exudate cleansing may be
essentially a stack of such filters connected in series with decreasing cross-
dimension of the apertures or pores in the direction of the fluid flow.

it. may include an ultrafittration unit, which appropriately comprises one or more

ultrafittration filters, such as one in which the cleansing integer is a filter for
materials deleterious to wound healing, for example a high throughput, low

.. protein-binding polymer film, sheet or membrane which is selectively

impermeable to materials deleterious to wound healing, which are removed and
the cleansed fluid, still containing materials that are beneficial in promoting
woiind healing is passed by it.

The permeable integer in such a system may be a selective ‘low pass’ system

- Wi, sheet or membrane with relatively small apertures or pores.

»_ Siftable materials for the filter include those organic polymers listed above for
" macro- and micro-filters.

It will be-appropriate to design and run the apparatus with this type of cleansing
‘means as a ‘circulating system’, in which the relevant fluid passes through the
cleansing means one or more times in only one direction, since this is necessary
for fetaining the filter residue out of the wound exudate. o

@would be inappropriate to run the system in the form of a ‘reversing system’,

" ginceé the fluid passing through the cleansing means at least once in the reverse

direction would retum these materials into the wound.)
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The filter integer may be a flat sheet or membrane of a polymeric material, or
(less usually) in a more convoluted form, e.g. in the form of elongate structure,
such as pipes, tubules, etc.

It may be intended that respectively the chamber or the dressing is disposable.
In such case, the device for moving fluid through the means for wound exudate
cleansing is then started and run until no significant amounts of materials
deleterious to wound healing remain in the wound.

The dressing and/or the cleansing chamber under the backing layer is then
removed and discarded, to remove the materials deleterious to wound healing

- from wound exudate.

A single-phase system cleansing means may comprise a chemical adsorption
unit, for example one in which a particulate, such as a zeolite, or a layer, e.g. of
a functionalised polymer has sites on its surface that are capable of removing
materials deleterious to wound healing on passing the fiuid from the wound over
The materials may be removed, e.g. by destroying or binding the materials that
aré deleterious to wound healing, by, for example chelators and/or ion
exchangers, and degraders, which may be enzymes. ‘

1 this type, the chamber wall film, sheet or membrane is not an integer

" selectively permeable to materials deleterious to wound healing. The chamber,

e ﬁomver contains one or more materials that can remove materials-deleterious
_ fmﬁound healing from wound exudate, by being antagonists to such species.

30

oty e

For example, where the wound exudate contains

_proteases, such as serine proteases, e.g. elastase, and thrombin; cysteine

proteases, matrix metalloproteases, e.g. collagenase; and carboxyl (acid)

: endotoxms such as lipopolysaccharides; -

inhibitors of angiogenesis such as thrombospondin-1- (TSP-1), plasminogen
-activator inhibitor, or angiostatin (plasminogen fragment);
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pro-inflammatory cytokines such as tumour necrosis factor alpha (TNFa) and
interleukin 1 beta (IL-1B),

oxidants, such as free radicals, e.g. , e.g. peroxide and superoxide; and metal
ions, e.g. iron Il and iron lil; all involved in oxidative stress on the wound bed,
or

basic or acidic species which adversely affect the pH in the wound exudate,
such as protons,

the cleansing chamber may contain, behind the permeable integer at least one
of the following antagonists as appropriate that is captive in a part of the
chamber where it can be in contact with the irrigant and/or wound exudate:
protease inhibitors, such as serine protease inhibitors, such as 4-(2-
aminoethyl)}-benzene sulphonyl fiuoride (AEBSF, PefaBloc) and Na-p-tosyl-L-
lysine chloromethyl ketone (TLCK) and g-aminocaproyl-p-chlorobenzylamide;
cysteine protease inhibitors; matrix metalloprotease inhibitors; and carboxyl
(add) protease inhibitors;

binders and/or degraders, such as anti-inflammatory materials to bind or
destroy lipopolysaccharides, e.g. peptidomimetics;

anti-oxidants, such as 3-hydroxytyramine (dopamine), ascorbic acid (vitamin C),
vitamin E and glutathione, and stable derivatives thereof, and mixtures thereof;
fo relieve oxidative stress on the wound bed:

metal ion chelators and/or ion exchangers, such as transiton metal ion
chelators, such as iron il chelators (Fe lll is involved in oxidative stress on the
waund bed.), such as desferrioxamine (DFO), 3-hydroxytyramine (dopamine);
iron-H! reductants; or

agents for the adjustment of pH in the wound exudate, such as base or acid
scavengers and/or ion exchangers, or other species, which may be non-labile,
insoluble and/or immobilised) species, such as ScavengePore® phenethyl
morpholine (Aldrich).

It will be appropriate to design and run the apparatus with this type of cleansing
means either as a 'circulating systemy’, or in the form of a ‘reversing system’,
sinéeé the fluid passing through the cleansing means at least once in the reverse
direction would not retum these materials into the wound.)

Ah example of such systems is shown inter alia in Figures 1, 6 and 7
(reversing system)and 2, ,8 and 9 (circulating system) hereinafter.
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A second, selectively permeable integer, again suitably a flat sheet or
membrane of a polymeric material may be required to form part of a distal
chamber wall in the flowpath in any appropriate part of the apparatus to retain
materials that are deleterious to wound healing and antagonists or other active
materials in the chamber.

A particular advantage of this form of the system, is that where a material that
can remove materials deleterious to wound healing from wound exudate is
(cyto)toxic or bioincompatible, or not inert to any components that are beneficial
in promoting wound healing, the system does not allow any significant amounts
of it to pass into the wound.

In two-phase systems, the chamber contains a cleansing fluid, most usually a
fluid (dialysate) phase. The latter is separated from the wound exudate by
means of a permeable integer.

At least one fluid is moved through the means for fluid cleansing by at least one
device, in particular across the permeable integer, for example the polymer film,
sheet or membrane.

This promotes the passage of relatively high concentrations of solutes or
disperse phase species, including deleterious materials, from the wound
exudate into the cleansing fluid and the chamber and optionally the system in
which the cleansing fluid recirculates. Such systems are described further
below.

The fluid that is moved through the means for fiuid cleansing by the device for
moving fluid is

a) the cleansing fluid or

b) the wound exudate optionally mixed wuth lmgant or

¢) both.

Examples of such systems are shown in Figures 3-te-8; 12 and 13 hereinafter,
in which
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Figures 12a and 13 show such a system, a dialysis unit, in which only the
cleansing fluid separated from the wound exudate is the moving fluid.

Figure 12b shows such a system, a dialysis unit, in which the cleansing fluid
and the wound exudate optionally with irrigant are the moving fluids.

The cleansing fluid is less usually static as in Figure 4, as this may not be a
system with sufficient (dynamic) surface area to remove materials deleterious to
wound healing from wound exudate at a practical rate.

Typical dialysate flow rates in a dialytic means for fuid cleansing in the present
apparatus for aspirating, irrigating and/or cleansing wounds are those used in
the conventional type of two-phase system, such as a dialysis unit for systemic
therapy.

The integer may be a film, sheet or membrane, often of the same type, and of
the same (generally uniform) thickness, as those used in conventional two-
phase system, such as a dialysis unit for systemic therapy.

As noted above, the film, sheet or membrane may be substantially flat, but,
especially where the cleansing fluid circulates, it may more suitably be in the
form of pipes, tubes or tubules in an array.

The surface area of any such film, sheet or membrane may be suitably be no
less than 50 mm?, such 100 to 1000000 mm?, e.g. 500 to 25000 mm?*

if both fluids move it may be in co- or preferably counter-current direction.

Again, materials deleterious to wound healing are removed into the dialysate,
and the cleansed fiuid, still containing materials that are beneficial in promoting
wound healing, remains or is returned by recirculation to the wound.

Examples of these deleterious materials as above include
oxidants, such as free radicals, e.g. peroxide and superoxide;
iron 1l and iron 1lI; all involved in oxidative stress on the wound bed;
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proteases, such as sefine proteases, e.g. elastase and thrombin; cysteine
proteases, matrix metalloproteases, e.g. collagenase; and carboxyl (acid)
proteases;

endotoxins, such as lipopolysaccharides;

autoinducer signalling molecules, such as homoserine lactone derivatives, e.g.
oxo-alkyl derivatives;

inhibitors of angiogenesis such as thrombospondin-1 (TSP-1), plasminogen
activator inhibitor, or angiostatin (plasminogen fragment)

pro-inflammatory cytokines such as tumour necrosis factor alpha (TNFa) and
interleukin 1 beta (IL-1p); and

inflammatories, such as lipopolysaccharides, and e.g. histamine; and

basic or acidic species which adversely affect the pH in the wound exudate,
such as protons.

'

Examples of suitable materials for the film, sheet or membrane (typically in the
form of conformable hollow bodies defined by the film, sheet or membrane,
such as the structures described hereinbefore) include natural and synthetic
polymeric materials.

The membrane may be of one or more hydrophilic polymeric materials, such as
a cellulose derivative, e.g. regenerated cellulose, a cellulose mono-, di- or tri-
esters, such as cellulose mono-, di- or tri-acetate, benzyl cellulose and
Hemophan, and mixtures thereof. '

Examples of other materials include hydrophobic materials, such as aromatic
polysulphones, polyethersuiphones, polyetherether-sulphones, polyketones,
polyetherketones and polyetherether-ketones, and sulphonated derivatives
thereof, and mixtures thereof.

Examples of other materials include hydrophobic materials, such as polyesters,
such as polycarbonates and polyamides, e.g. 6-6 and 6 — 10; polyacrylates,
ftluding, e.g. poly(methyl methacrylate), polyacrylonitrile and copolymers
thereof, for example acrylonitrile - sodium metallosulphonate copolymers; and
poly(vinylidene chloride).
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Suitable materials for the present membranes include thermoplastic polyolefins,
such as polyethylene e.g. high-density polyethylene, polypropylene, copolymers
thereof, for example with vinyl acetate and polyvinyl alcohol, and mixtures
thereof.

The dialysis membrane should have a molecular weight cut off (MWCO) chosen
to allow selective perfusion of species deleterious to wound healing that have
been targeted for removal from the wound. For example, perfusion of the
serine protease elastase (molecular weight 25900 Dalton) would require a
membrane with MWCO >25900 Dalton. The MWCO threshold can be varied to
suit each application between 1 and 3000000 Dalton.

Preferably, the MWCO should be as close as possible to this weight to exclude

interference by larger competitor species.

For example, such a membrane with MWCO >25800 Dalton does not allow any
significant amounts of the antagonist to elastase, alpha-1-antitrypsin (AAT)
(molecular weight 54000 Dalton), which occurs naturally in wounds, to diffuse
freely out of the wound fluid into the dialysate. The inhibitor, which is beneficial
i promoting chronic wound healing, remains in contact with the wound bed,
and can act beneficially on it, whilst the elastase that is deleterious to wound
healing is removed.

Such use of the present apparatus is, e.g. favourable to the wound healing
process in chronic wounds, such as diabetic foot ulcers, and especially
decubitus pressure ulcers. '

~As noted hereinafter, antagonists, for example degrading enzymes, or

sequestrating agents for elastase on the dialysate side of the membrane, may
be used to enhance the removal of this protease from wound exudate.

A less conventional type of two-phase system (see above) may be used as the
means for fluid cleansing. In this type, the dialysis polymer film, sheet or
membrane is not an integer selectively permeable to materials deleterious to
wound healing, such as
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proteases, such as serine proteases, e.g. elastase, and thrombin; cysteine
proteases; matrix metalloproteases, e.g. collagenase; and carboxyl (acid)
proteases;

endotoxins , such as lipopolysaccharides;

inhibitors of angiogenesis such as thrombospondin-1 (TSP-1), plasminogen
activator inhibitor, or angiostatin (plasminogen fragment)

pro-inflammatory cytokines such as tumour necrosis factor alpha (T NFa) and
interleukin 1 beta (IL-1B);

oxidants, such as free radicals, e.g. , e.g. peroxide and superoxide; and metal
ions, e.g. iron Il and iron llI; all involved in oxidative stress on the wound bed;
and

basic or acidic species which adversely affect the pH in the wound exudate,
such as protons.

It will however also permit components of the exudate from a wound and/or
irrigant fluid that may be larger or smaller molecules, but are beneficially
involved in wound healing to pass into and through it.

In the dialysate, or preferably in one or more solid structural integers with at
least one surface in contact with the dialysate, in the means for fluid cleansing,
there are one or more materials that can remove materials deleterious to wound
healing from wound exudate, by being

antagonists to such species, for example enzymes or others, such as protease

‘irihibitors, such as serine protease inhibitors, such as 4-(2-aminoethyl)-benzene

sulphonyl fluoride (AEBSF, PefaBloc) and Na-p-tosyl-L-lysine chloromethyl
kétone (TLCK) and e-aminocaproyi-p-chlorobenzylamide; cysteine protease
inhibitors; matrix metalloprotease inhibitors; and carboxyl (acid) protease
inhibitors;

binders and/or degraders, such as anti-inflammatory materials to bind or
destroy lipopolysaccharides, e.g. peptidomimetics;

anti-oxidants, such as 3-hydroxytyramine (dopamine), ascorbic acid (vitamin C),
vitamin E and glutathione, and stable derivatives thereof, and mixtures thereof;
to relieve oxidative stress on the wound bed;

metal ion chelators and/or ion exchangers, such as transiton metal ion
chelators, such as iron lli chelators (Fe [ll is involved in oxidative stress on the
wound bed.), such as desferrioxamine (DFO), 3-hydroxytyramine (dopamine);
iron lil reductants; and
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agents for the adjustment of pH in the wound exudate, such as base or acid
scavengers and/or ion exchangers, or other species, which may be non-labile,
insoluble and/or immobilised) species, such as ScavengePore® phenethyl
morpholine (Aldrich).

They further include peptides (including cytokines, e.g. bacterial cytokines, such
as a-amino-y-butyrolactone and L-homocarnosine); and

sacrificial redox materials that are potentially or actually beneficial in promoting
wound healing, such as iron lil reductants; and/or regeneratable materials of
this type, such as glutathione redox systems; and

other physiologically active components.

In use of the two-phase system dialysis unit, of this less conventional type, a
broad spectrum of species will usually pass into the dialysate from the exudate.

Some (mainly ionic) species will pass from the dialysate into the irrigant and/or
wound exudate through the dialysis polymer film, sheet or membrane that is not
very selectively permeable to materials deleterious to wound healing.

The components of the exudate from a wound and/or irrigant fiuid will diffuse
freely to and fro through it. '

A steady state concentration equilibrium is eventually set up between the
dialysate and the irigant and/or wound exudate, which is ‘topped up’ from the

'W'bt_:nd dressing.

Circulating wound fluid aids in the quicker attainment of this equilibrium of
materials beneficial in promoting wound healing.

it also returns them to the site where they can be potentially of most benefit, i.e.
the wound bed. : ' 1

The target materials deleterious to wound healing also pass into the dialysate
from the exudate through the dialysis polymer film, sheet or membrane that is
not very selectively permeable to materials deleterious to wound healing.
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Unlike the other components of the exudate from a wound and/or irrigant fluid,
the target materials deleterious to wound healing come into contact with the
dialysate, or preferably with one or more solid structural integers with at least
one surface in the dialysate, and are removed by the appropriate antagonists,
binders and/or degraders, chelators and/or ion exchangers and redox agents,
etc. The cleansed fluid, still containing some materials that are beneficial in
promoting wound healing, is returned to the wound.

Unlike the other components of the exudate from a wound and/or irrigant fluid
the target materials are constantly removed from the dialysate, very little of
these species will pass from the dialysate into the imigant and/or wound
exudate, and a steady state concentration equilibrium is not set up, even if the
species are constantly ‘topped up’ from the wound dressing.

It is believed that circulating one or both fluids aids in removal from recirculation
of the materials deleterious to wound healing from wound exudate, whilst
retaining materials that are beneficial in promoting wound healing in contact
with the wound.

A particular advantage of this form of the two-phase system, is that where a
material that can remove materials deleterious to wound healing from wound
exudate is (cyto)toxic or bioincompatible, or not inert to any components that
are beneficial in promoting wound healing, the system does not allow any
significant amounts of antagonist to diffuse freely out of the dialysate into the

‘wound fiuid. The active material can act beneficially on the fluid however.

The film sheet or membrane is preferably a dialysis membrane of molecular
weight cut off (MWCO) (as conventionally defined) chosen to allow perfusion of
species targeted for sequestration or destruction.

For example, sequestration of the serine protease elastase (molecular weight
25900 Dalton) would require a membrane with MWCO >25900 Dalton.

The MWCO threshold can be varied to suit each apblication between 1 and
3-000 000 Dalton. Preferably, the MWCO should be as close as possible to this
weight to exclude sequestering interference by larger competitor species.
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it will be seen that in many of the embodiments of the apparatus of this first
aspect of the present invention for cleansing wounds, the irrigant and/or wound
exudate and/or the cleansing fluid passes from the wound dressing and is
returned via a return path to it, through or under the backing layer with a wound-
facing face which is capable of forming a relatively fluid-tight seal or closure
over a wound.

Each return path will require

at least one inlet pipe for connection to a fluid return tube, which passes through
the wound-facing face of the backing layer, and

at least one outlet pipe for connection to a fluid offtake tube, which passes
through the wound-facing face of the backing layer,

the point at which the or each inlet pipe and the or each outlet plpe passes

. through or under the wound-facing face forming a relatively fluid-tight seal or

closure over the wound.

Where any pipe is described in connection with the operation of the apparatus
as being connected or for connection to a (mating end of a) tube, the pipe and
the tube may form a single integer.

Where the mode of running the present apparatus is in the form of a ‘reversing
system’, the at least one inlet pipe and the at least one outlet pipe, and the at
least one fluid supply tube and the at least one outlet pipe, may respectively be
the same integer.

This is often in a ‘multiple-pass system’ for irrigant and/or wound exudate where
this fluid passes from the wound dressing and is returned to the wound, in both
cases via the cleansing means, e.g. under the action of the movement of a
reciprocating pump, such as a syringe or piston pump.

The or each inlet pipe or outlet pipe may have the form of an aperture, such as
a funnel, hole, opening, orifice, luer, slot or port for connection as a female
member respectively to a mating end of a fluid retum tube or a fluid offtake tube
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(optionally or as necessary via means for forming a tube, pipe or hose, or
nozzle, as a male member.

Where the components are integral they will usually be made of the same
material (for which it will be understood that materials that are listed above are
amongst those that are suitable).

Where, alternatively, they are a push, snap or twist-lock fit, the may be of the
same material or of different materials. In either case, materials that are listed
above are amongst those that are suitable for all the components.

The backing layer may often have a rigid and/or resiliently inflexible or stiff area
to resist any substantial play between the or each pipe and the or each mating
tube, or deformation under pressure in any direction.

It may often be stiffened, reinforced or otherwise strengthened by a boss
projecting distally (outwardly from the wound).

This is usually around each relevant tube, pipe or hose, or nozzle, hole,
opening, orifice, luer, slot or port for connection to a mating end of a fluid retum
tube or fluid offtake tube.

Altematively or additionally, where appropriate the backing layer may have a
stiff fiange or lip extending around the proximal face of the backing layer to
stiffen, reinforce or otherwise strengthen the backing layer.

Both the single-phase system, such as’ an ultrafiltration unit, and two-phase
;ystem, such as a dialysis unit, may be in moduiar form that is relatively easily
demountable from the apparatus of the invention.

Each retum flow path (whether in a single-phase system or a two-phase
system, such as an dialysis unit) requires a means for moving fluid.

Suitable means will be apparent to the skilled person, but the following types of
small pump may be used as desired:
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small reciprocating pumps, such as:

diaphragm pumps - where pulsations of one or two flexible diaphragms displace
liquid while check valves control the direction of the fluid
flow.

syringe and piston

pumps - where pistons pump fluids optionally through check
valves, in particular for variable and/or reversible positive
and/or negative pressure on the wound bed and for closed
single-phase reversing system, in which the wound exudate
and/or irrigant passes to and fro through the cleansing
means.

small rotary pumps, such as:
rotary vane pumps - with rotating vaned disk attached to a drive shaft moving
' A fluid without pulsation as it spins. The outlet can be
restricted without damaging the pump.
peristaltic pumps - with peripheral rollers on rotor arms acting on a flexible
‘ fluid circulation tube to urge fluid current flow in the tube in
the direction of the rotor, in particular for a dialysate phase
in a multiple-phase circulating system, in which it passes in
only one direction.
The type and/or capacity of the device will be largely determined by the
appropriate or desired fluid volume flow rate of irrigant and/or wound exudate
from the wound for optimum performance of the wound healing process, and by
factors such as portability, power consumption and  isolation from
contamination.

Such a device may also suitably be one that is capable of pulsed, continuous,
variable, reversible and/or automated and/or programmable fiuid movement. [t
may in particular be a pump of any of these types. '

The main function of the invention, i.e. an apparatus, that is advantageously
portable, for irrigating and/or cleansing wounds will largely determine the main
function of the pump, i.e. a moving device for moving fluid, e.g. (chronic) wound
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exudate, through the cleansing means, rather than for aspirating or pressurising
wounds that are being cleansed.

It may however be used to apply a positive or negative pressure of up to 50%
atm., more usually up to 15% atm., to the wound, which may be pulsed,
continuous, variable, reversible, automated and/or programmable, as for fluid
movement.

A fluid-tight seal or closure of the wound dressing around the periphery of the
backing layer then becomes more crucial, if wound cleansing is to be applied in
this way.

The device is favourably a small peristaltic pump or diaphragm pump, e.g.
preferably a miniature portable diaphragm or peristaltic pump. These are
preferred types of pump, in order in particular to reduce or eliminate contact of
internal surfaces and moving parts of the pump with (chronic) wound exudate,
and for ease of cleaning.

" Where the pump is a diaphragm pump, and preferably a small portable

diaphragm pump, the one or two flexible diaphragms that displace liquid may
each be, for example a polymer film, sheet or membrane, that is connected to
means for creating the pulsations. This may be provided in any form that is
convenient, inter alia as an electromechanical oscillator, a piezoelectric
transducer, a core of a solenoid or a ferromagnetic integer and coil in which the
direction of current flow alternates, a rotary cam and follower, and so on

i’ one embodiment of the apparatus of this first aspect of the present invention
for cleansing wounds with a two-phase system, such as one with a dialysis unit,
no fluid passes from the wound dressing or is retumed via a retum path to it,
through the backing layer.

It therefore does not require any inlet pipe for connection to a fiuid return tube or
any outlet pipe for connection to a fluid offtake tube, which passes through the
wound-facing face of the backing layer.
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In such an embodiment, the prime purpose of the moving device is to move the
cleansing fluid. In such an embodiment, amongst suitable devices are:

Suitable examples of such a dressing include, e.g. those making use of rotary
impellers, such as: vane impellers, with rotating vaned disk attached to a drive
shaft, propellers on a drive shaft, etc.

Such devices may be integral with the dressing. It will be seen that the
corresponding apparatus disadvantageously has a need to ensure a fluid-tight
seal or closure of the chamber around any part of the moving device where it
passes through the chamber wall or wound dressing. They may
(disadvantageously) not be portable.

The possibility of using this type of wound dressing may be largely determined
by the ability to achieve such a relatively fluid-tight seal or closure. It may be
desirable that no part of the moving device pass through the chamber wall or
wound dressing.

They may be separate structures, capable of interacting as appropriate for the
purpose of moving cleansing fluid along a desired flow path across the
selectively permeable integer, effectively in a 'multiple-pass system’ within the
interior of the chamber.

The moving device may drive the cleansing fiuid inside the chamber remotely to
set it in motion. ‘

Stich an embodiment of the apparatus advantageously enables a tight seal or
clgsure over the wound, and no part of the moving device need pass through
the chamber wall or wound dressing.

" This avoids the need to ensure a fluid-tight seal or _closure of the chamber

around it.

The chamber may thus, e.g. be provided in a form with at least one magnetic
follower enclosed within it and acted upon by a magnetic stirrer to impel the
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cleansing fluid. The magnetic stirrer to impel the cleansing fluid may be
mounted on, e.g. releasably attached to the other components of the dressing,
in particular the backing layer, e.g. with a Velcro ™ attachment, an adhesive
film (e.g. of pressure-sensitive adhesive) or elastic or non-elastic straps, bands,
ties, bandages, e.g. compression bandages, sheets or covers, or be a push,
snap or twist-lock fit with ittem.

It may be mounted, e.g. centrally, on the backing layer above a circular or
concentric toroidal hollow body that effectively forms an annular chamber
provided with at least one magnetic follower within it. In use, the magnetic
stirrer impels the magnetic follower enclosed within respectively the circular or
the annular chamber to cause the wound cleansing fluid to circulate.

The film, sheet or membrane is often selectively permeable, contains the
cleansing fiuid, and should have the right resilience against the pulsing pressure
to allow significant compression or decompression of the chamber to recirculate
the wound cleansing fluid through it.

All such remote devices may be integral with or permanently attached to the
dressing, in particular the backing layer, with an adhesive film, for example, or
by heat-sealing.

These components may be releasably attached, e.g. by a Velcro™ attachment,
with an adhesive film (e.g. with pressure-sensitive adhesive) or with elastic and
non-elastic straps, bands, ties, bandages, e.g. compression bandages, sheets
or covers.

Another such a device may be provided in the fom of at least one ball or
sphere, e.g. a solid metal ball or sphere. ’ '

This sets the cleansing fluid is in motion in contact with the surface of the

* " intséger that is selectively permeable to materials in the wound exudate under

the action of the bodily movement of the patient.
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Alternatively, the top of a compressible chamber may be provided with a
trackway, around which the patient may run his or her fingers to move the fluid
around the chamber.

In practice, even from a wound in a highly exuding state, such a rate of exudate
flow is only of the order of up to 75 microlitres / cm?/ hr (where cm? refers to the
wound area), and the fluid can be highly mobile (owing to the proteases
present).

Exudate levels drop and the consistency of wound exudate changes, e.g. to a
higher viscosity liquid, as the wound heals, e.g. to a level for the same wound
that equates to 12.5 — 25 microlitres / cm?/ hr.

Where materials deleterious to wound healing are removed by a two-phase
system (See below.), such as a dialysis unit, fluid is also potentially lost to the
system through the means for fluid cleansing.

This may occur, e.g. through a dialysis polymer film, sheet or membrane which
is also pemeable to water, in addition to materials deleterious to wound
hesling.

The balance of fluid in recirculation may thus further decrease. It may be
desired to adjust the volume of the irrigant and/or wound exudate and hence to
minimise this undesired loss.

If the consistency of wound exudate changes, e.g. to a higher viscosity liquid,
as the wound heals, it may be desired to adjust the volume of the imrigant and/or
wound exudate and hence to adjust the viscosity of the liquid, e.g. to a level that
equates to the initial level.

As noted above, the apparatus of this first aspect of the present invention for

~ cleansing wounds may be used with the wound space at atmospheric pressure

or at a positive or negative pressure of up to 50% atm., more usually up to 16%
atm. applied to the wound.
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A fluid may be added to or removed from the wound space before and/or during
wound therapy as may be desired to adjust the volume of the irrigant and/or
wound exudate and/or to adjust the neutral, positive or negative pressure on the
wound.

Thus, the volume of irrigant and/or wound exudate from the wound may be
increased by continuing addition of irrigant to the wound space. A positive
pressure may be applied to the wound by for example flooding it with a desired
amount of irrigant before the dressing is applied to it and/or by continuing
addition of irrigant to the wound during the run. A negative pressure may be
applied to the wound by means of fluid removal from the wound, for example
with a small pump.

This may be achieved in all cases by passage of the relevant fluid freely to and
fro through a fluid regulator, such as a valve or other control device, e.g. a valve
that is tumed to switch between open and closed, that is mounted in a pipe or
tube that passes through or under the backing layer.

For example, if exudate build-up under the backing layer becomes excessive
during use, a bleed valve may be opened and excess fluid vented off, e.g. to a
waste reservoir, and any excess pressure relieved.

Equally, any loss from any fluid from the wound may be adjusted, or a positive
pressure (i.e. above-atmospheric pressure) may be applied to the wound bed
by means of an irrigant which passes through a similar input regulator, such as
a valve or other control device, e.g. a valve that is turned to switch between on
and off, through or under the backing layer to the wound bed.

A negative pressure may be conveniently applied to the wound bed by means
of fluid removal from the wound, for example with a small pump, through a
simflar vacuum regulator, such as a valve or other control device, e.g. a valve
that is turned to closure once the vacuum has been applied, before
disconnection of the vacuum source.

Alternatively or additionally, where appropriate the backing layer may have a
regulator such as an injection septum, through which the desired amount of the
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relevant fluid, such as irrigant, may be removed from or supplied to the wound,

for example with a small syringe or like pump to achieve the desired effect.

Equally, the balance in any cleansing fluid may be adjusted by means for
bleeding or supplying fluid to the relevant flowpath. The means for bleeding or
supplying fluid to the relevant flowpath may be situated in any appropriate part
of the apparatus that is in contact with the cleansing fluid.

The means for bleeding or supplying fluid to the flowpath may be a regulator,
such as a valve or other control device, e.g. a valve that is turned to switch
between bleed and closure, for bleeding fluids from the apparatus, e.g. to a
waste reservoir, such as a collection bag, or to switch between supply and
closure, for supplying fluids to the apparatus.

Alternatively or additionally, where appropriate the flowpath may have a
regulator such as an injection septum, through which the desired amount of the
relevant fluid cleanser may be removed from or supplied to the flowpath, e.g.
with a small syringe or like pump to achieve the desired effect.

The inlet and/or outlet pipes, the fluid return tube and the fiuid offtake tube, efc.
where present may be of conventional type, e.g. of elliptical or circular cross-
section, and may suitably have a uniform cylindrical bore, channel, conduit or
passage throughout their length.

Depending on the desired fluid volume flow rate of irrigant and/or wound
exudate from the wound, and the desired amount in recirculation, suitably the
largest cross-dimension of the bore may be up to 10 mm for large torso
wounds, and up to 2 mm for limb wounds. -

The tube walls should suitably thick enough to withstand any positive or

¢ N .
- . negative pressure on them. ’

35

This is in particular the case if the volume of irrigant and/or wound exudate from
the wound in recirculation is increased by continuing addition to it of wound
exudate, and/or fluid passing from a cleansing fluid through a selectively
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permeable integer, for example the polymer film, sheet or membrane of a two-
phase system, such as an dialysis unit. However, as noted above with regard
to pumps, the prime purpose of such tubes is to convey irrigant and exudate
through the length of the apparatus flow path, rather than to act as pressuré
vessels. The tube walls may suitably be at least 25 micron thick.

The whole length of the apparatus for aspirating, irrigating and/or cleansing
wounds should be microbe-impermeable once the wound dressing is over the
wound in use.

It is desirable that the wound dressing and the interior of the apparatus for
aspirating, irrigating and/or cleansing wounds of the present invention is sterile.

The fluid may be sterilised in the system in which the fluid moves, including the
means for fluid cleansing, by ultraviolet, gamma or electron beam irradiation.
This way, in particular reduces or eliminates contact of internal surfaces and the
fiuid with any sterilising agent.

Examples of other methods of sterilisation of the fluid also include e.g. the use
of .

ultrafiltration through microapertures or micropores, e.g. of 0.22 to 0.45 micron
maximum cross-dimension, to be selectively impermeable to microbes; and

fiuid antiseptics, such as solutions of chemicals, such as chiorhexidine and
povidone iodine; metal ion sources, such as silver salts, e.g. silver nitrate; and
hydrogen peroxide;

although the latter involve contact of intemal surfaces and the fluid with the
sterilising agent.

it:may be desirable that the interior of the wound dressing, the rest of the
system in which the fiuid recirculates, and/or the wound bed, even for a wound
in a highly exuding state, are kept sterile, or that at least naturally occurring
microbial growth is inhibited.

it is also desirable to provide a system in which physiologically active
components of the exudate that are beneficial to wound healing are not
removed before or after the application of fiuid cleansing, e.g. by the passive
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deposition of materials that are beneficial in promoting wound healing, such as
proteins, e.g. growth factors.

This may occur at any point in the system that is in contact with such
physiologically active components of the exudate that are beneficial to wound
healing.

Often this will occur at any point in the system that is in contact with the
exudate, usually in a single-phase system, but it may occur in the second fluid
(dialysate) phase in a multiple-phase system where materials in the wound
exudate that are potentially beneficial to wound healing diffuse freely into that
phase in use of the apparatus.

The deposition of materials that are beneficial in promoting wound healing may
be combated by using a repellent coating at any point or on any integer in direct
contact with the relevant fluid.

Examples of coating materials for surfaces over which the circulating fluid
passes include

anticoagulants, such as heparin, and

high surface tension materials, such as PTFE, and polyamides,

which are useful for growth factors, enzymes and other proteins and derivatives.

In all embodiments of the apparatus the type and material of any tubes
throughout the apparatus of the invention for imigating and/or cleansing wounds
will be largely determined by their function.

To be suitable for use, in particular on chronic timescales, the material should
be non-toxic and biocompatible, inert to any active components, as appropriate
of the imigant and/or wound exudate and of any dialysate. It should not allow

“any significant amounts of extractables to diffuse freely out of it in use of the

apparatus.

It should be sterilisable by ultraviolet, gamma or electron beam irradiation
and/or with fiuid antiseptics, such as solutions of chemicals, fluid- and microbe-
impermeable once in use, and flexible.
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Examples of suitable materials include synthetic polymeric materials, such as
polyolefins, such as polyethylene, e.g. high-density polyethylene and

polypropylene.

Suitable materials for the present purpose aiso include copolymers thereof, for
example with vinyl acetate and mixtures thereof. Suitable materials for the
present purpose further include medical grade poly(vinyl chloride).

For the purposes of fluid cleansing in the apparatus of the present invention,
both the single-phase system, such as an ultrafiltration unit, and two-phase
system, such as a dialysis unit, may have captive (non-labile, insoluble and/or
immobilised) species such as the following, bound to an insoluble and/or
immobilised) substrate over and/or through which the irrigant and/or wound
exudate from, the wound dressing passes in tum to the fluid retumn tube(s):
antioxidants and free radical scavengers, such as 3-hydroxytyramine
(dopamine), ascorbic acid (vitamin C), vitamin E and glutathione, and stable
derivatives thereof, and mixtures thereof; to relieve oxidative stress on the
wound bed;

metal ion chelators and/or ion exchangers, such as transition metal ion
chelators, such as iron lil chelators (Fe Ill is involved in oxidative stress on the
wound bed.), such as desferrioxamine (DFO), 3-hydroxytyramine (dopamine);
iron il reductants;

protease inhibitors, such as TIMPs and alpha 1-antitrypsin (AAT), serine
protease inhibitors, such as 4-(2-aminoethyl)-benzene sulphonyl fluoride
(AEBSF, PefaBloc) and N-a-p-tosyl-L-lysine chloro-methyl ketone (TLCK) and
g-aminocaproyl-p-chlorobenzylamide; cysteine protease inhibitors; matrix
metalloprotease inhibitors; and carboxyl (acid) protease inhibitors;

sacrificial redox materials that are potentially or actually beneficial in promoting
wound healing, by the removal of materials that trigger the expression into
wound exudate of redox-sensitive genes that are deleterious to wound healing;
autoinducer signalling molecule degraders, which may be enzymes; and
anti-inflammatory materials to bind or destroy lipopolysaccharides, e.g.
peptidomimetics;

agénts for the adjustment of pH in the wound exudate, such as base or acid
scavengers and/or ion exchangers, or other species, which may be non-labile,
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iﬁsoluble and/or immobilised) species, such as ScavengePore® phenethyl
morpholine (Aldrich).

Other physiologically active components of the exudate that are deleterious to
wound healing may be removed in this way.

These may be removed with suitable chelators and/or ion exchangers,
degraders, which may be enzymes, or other species.

The following types of functionalised substrate has sites on its surface that are
capable of removing materials deleterious to wound healing on passing the
circulating fluid from the wound over them:

_heterogeneous resins , for example silica-supported reagents such as:

metal scavengers,
3-_(diethylenetriamino)propyl—functionalised silica gel
2-(4-(ethy|enediamino)benzene)ethyl-functionalised silica gel
3-(mercapto)propyl-functionalised silica gel '
3-(1-thioureido)propyl-functionalised silica gel

triamine tetraacetate-functionalised silica gel

or electrophilic scavengers,
4-carboxybutyl-functionalised silica gel

4-ethyl benzenesulfonyl chloride-functionalised silica gel
propionyl chloride-functionalised silica gel
3-(isocyano)propyl-functionalised silica gel
3-(thiocyano)propyl-functionalised silica gel

~ 352-succinic anhydride)propyk-functionalised silica gel

3-(maleimido)propyl-functionalised silica gel

of Mucleophilic scavengers,
3-aminopropyl-functionalised silica gel
3-{ethylenediamino)-functionalised silica gel
2-(4-(ethylenediamino)propyl-functionalised silica gel
3-(diethylenetriamino)propyl-functionalised silica gel
4-ethyl-benzenesulfonamide-functionalised silica gel
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2-(4-toluenesuifonyl hydrazino)ethyl-functionalised silica gel
3-(mercapto)propyl-functionalised silica gel
dimethylsiloxy-functionalised silica gel

or base or acid scavengers,
3-(dimethylamino)propyl-functionalised silica gel

3-(1 3,4,6,7,8-hexahydro-2H-pyrimido-{1 .2-a]pyrimidino)propyl-functionalised
silica gel

3-(1-imidazol-1-yl)propyl-functionalised silica gel
3-(1-morpholino)propyl-functionalised silica gel
3-(1-piperazino)propyl-functionalised silica gel
3-(1-piperidino)propyl-functionalised silica gel
3-(4,4’-trimethyldipiperidino)propyl-functionalised silica gel
2-(2-pyridyl)ethyl-functionalised silica gel
3—(trimethylammonium)propyl-functionalised silica gel

or the reagents,

3-(1 -cyclohexylcarbodiimido)propyl-functionalised silica gel
TEMPO-functionalised silica gel
2‘—(diphenylphosphino)ett'nyl-mnctionalised silica gel
2—(3,4—cyclohexyldiol)propyl-functionalised silica gel
3-(glycidoxy)propyl-functionalised silica gel
2-(3,4-epoxycyclohexy|)propyl-functionalised silica gel
1-(ally)methyl-functionalised silica gel
4-bromopropyl-functionalised silica gel
4-bromophenyl-functionalised silica gel
3-chloropropyl-functionalised silica gel

4-benzyl chloride-functionalised silica gel
2-(carbomethoxy)propyl-functionalised silica gel
3-(4-nitrobenzamido)propyl-functionalised silica gel
3=(ureido)propyl-functionalised silica gel

or any combinations of the above.
The use of such captive (non-iabile, insoluble and/or immobilised) species, such

as the foregoing, bound to an insoluble and immobilised) substrate over and/or
through which the irigant and/or wound exudate from, the wound dressing
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passes has been described hereinbefore as suitable for the means for fluid
cleansing.

However, they may additionally, where appropriate, be used in any part of the
apparatus that is in contact with the irrigant and/or wound exudate, but often
within the dressing, for removal of materials deleterious to wound healing from
wound. '

In a second aspect of the present invention there is provided a method of
treating wounds to promote wound healing using the apparatus for cleansing
wounds of the present invention.

The present invention will now be described by way of example only with
reference to the accompanying drawings in which:

Figures 1 to 15 are cross-sectional views of apparatus for cleansing a wound
according to the first aspect of the present invention.

Figures 1 to 11 and 14 show apparatus with a single-phase means for wound
exudate cleansing, and of these:

Figures 1, 2, 3, 6 7 and 14 show a reversing system, in which the wound
exudate and optionally irigant passes through the cleansing means one or
more times at least once in opposing directions; and

Figures 2, 4, 5, 8, 9, 11 and 15 show a circulating system, in which it/they pass
in only one direction; and

Figures 12 and 13 show apparatus with a two-phase means for wound exudate
cleansing, and of these: ‘

Figures 12 and 13 show such apparatus in which the cleansing phase passes
through the cleansing means.

Referring to Figures 1 to 10 and 14, the apparatus (1) for cleansing wounds
comprises
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a conformable wound dressing (2), having

a backing layer (3) which is capable of forming a relatively fluid-tight seal or
closure over a wound and bears an adhesive film, to aftach it to the skin
sufficiently to hoid the wound dressing (2) in place;

a cleansing means (4) for selectively removing materials that are deleterious to
wound healing from wound exudate, which means is under the backing layer (3)
and sits in the underlying wound in use; and

a moving device (7) for moving fluid through the cleansing means.

Optional means for bleeding or supplying fluid to the cleansing means (4) or to
exudate under the backing layer, e.g. a regulator, such as a valve are omitted in
most of the Figures.

In Figure 1, a reversing system is shown (wound exudate passes through the
cleansing means at least once in opposing directions).

The microbe-impermeable film backing layer (3) bears a centrally attached
proximally projecting recessed boss (11).

A porous film (12) and a permeable membrane (13) mounted in the recess (14)
of the boss (11) define a cleansing chamber (15), which contains a solid
particulate (not shown) for sequestering deleterious materials from, but initially
separated from the wound exudate. These integers form the cleansing means
(4).

An annular chamber (16) about the boss (11) is defined by a fluid-impermeable
film (17) that extends between and is attached to the boss (11) and the
underside of the backing layer (3). It is filled with a flexibly resilient foam (18)

An inlet and outlet pipe (19) passes centrally through the boss (11) and
communicates between the interior of the boss (11) and a syringe barrel (20),
which is part of a syringe moving device (7).

In-use, movement of the syringe plunger (22) sucks and forces wound exudate
to and fro through the cleansing means (4).
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The apparatus (1) in Figure 2 may be operated as a circulating system or as

both a circulating system and as a reversing system.

It is similar in construction to Figure 1, but differs mainly in that an inlet pipe
return loop (19) passes in a bend through the boss (11) and communicates
between the interior of the chamber (16) and the syringe barrel (20) via a non-
return vaive (21), the resistance of which to flow is low relative to the resistance
of the cleansing means (4). Means for bleeding fluid from the chamber (16),
such as a valve, is omitted from Figure 2.

in use, the plunger (22) of the syringe moving device (7) is withdrawn to suck
wound exudate into the cleansing means (4), which sequesters deleterious
materials from the wound exudate.

The plunger (22) of the syringe moving device (7) is then retumed to force
cleansed wound exudate through the valve (21) into the annular chamber (16),
and thence through the porous film (17) back into the wound.

A proportion of cleansed wound exudate is also pushed back through the
cleansing means (4) at each retum stroke of the syringe plunger. The
proportion will depend largely on the position of the retum loop (19) on the
syringe barrel. The amount pumped to the annular chamber (16) will decrease
the further from the proximal end of the syringe the return loop links to the
syringe barrel, as the plunger cuts off the return loop (19) in the later part of the
return stroke. -

Depending largely on the type of cleansing means that is employed in this
embodiment of the apparatus of the present invention, the resistance of the
valve (21) relative to the resistance of the cleansing means (4) may also affect
the proportion through the chamber (16) and through the porous film (17).
Excess pressure in the chamber (16), e.g: from wound exudate from a wound in
a highly exuding state, may be relieved by a bieed valve, if fitted.

The apparatus (1) in Figure 3 differs mainly from that in Figure 2 in the position
of the porous film (12) in the flow path.
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The mode of use is the same: movement of the syringe plunger (22) sucks and
forces wound exudate to and from through the cleansing means (4).

The apparatus (1) in Figure 4 differs from that in Figure 2 in the moving device
7).

This is a press-button pump in place of a syringe. The pump (7) is mounted on
the distal face of the backing layer (3).

It comprises a resiliently compressible intake chamber (26), connected by an
outlet pipe (19) to the cleansing means (4) and by a transfer tube (27) via a low
resistance first non-return valve (31) to a resiliently compressible output
chamber (36), connected via an inlet pipe (20) and a low resistance second
non-return valve (32) to the interior of the chamber (16).

In use, the intake chamber (26) is manually compressed and released, its retumn
to its original configuration causing wound exudate to be drawn through the
cleansing means (4).

The output chamber (36) is then manually compressed and released, its retum
to ‘its original configuration causing cleansed wound exudate to be drawn
through the first non-return valve (31) from the intake chamber (26).

The intake chamber (26) is then manually compressed again and released, its
compression causing cleansed wound exudate to be pumped into the output
chamber (36) through the first non-retumn valve (31) from the intake chamber
(26), and its return to its original configuration causing wound exudate to be
drawn through the cleansing means (4).

The output chamber (36) is then manually compressed again and released, its
compression causing cleansed wound exudate to be pumped into the chamber
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(16) through the second non-return valve (32) from the output chamber (36),
and its retum to its original configuration causing cleansed wound exudate to be
drawn through the intake chamber (26).

The cycle is repeated as long as desired, and from the second cycle onwards,
when the output chamber (36) is manually compressed, it causes cleansed
wound exudate to be forced through the annular chamber (16), and thence
through the porous film (17) back into the wound.

Referring to Figures 5 to 7 and 10, the apparatus (1) in each comprises a
cleansing means (4), which comprises a chamber (5), here a conformabie '
hollow bag, defined by the backing layer (3) and a polymer film (6) that is
permeable and permanently attached to the proximal face of the backing layer

3)-

It sits under the domed backing layer (3) in the underlying wound in use, and
contains a cleansing fluid absorbed in a resiliently fiexible foam (41).

Figures 5 to 7 and 10 show different methods of moving wound exudate in and
out of the cleansing means (4).

In‘ Figure 5, an electromechanical oscillator or piezoelectric transducer (43) is
mounted centrally in contact with the backing layer (3) on a rigid frame (44)
mounted at the periphery of the backing layer (3), and is connected electrically
to an appropriate alternating electrical power source (45) (shown
schematically). The chamber (5) is provided with a bleed valve (8).

If exudate build up under the backing layer (3) becomes excessive during use,
the bleed valve (8) may be opened and excess fluid vented off, and any excess
pressure relieved. '

In Figure 6, the foam (41) has a resiliently flexible, balloon core (47), which is
inflatable and deflatable with a fluid, such as a gas, e.g. air or nitrogen, or a
liquid, such as water or saline, to apply varying pressure to the chamber (5) via
an inlet and outlet pipe (48) mounted at the periphery of the backing layer (3).
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The pipe (48) is connected to a suitable moving device (58) (not shown) for
moving the inflating fluid in and out of the core (47) and thus to move wound
exudate in and out of the cleansing means (4). Such a device is suitably one
that is capable of optionally pulsed, reversible fluid movement.

it may in particular be a small peristaltic pump of diaphragm pump, €.g.
preferably a battery-driven miniature portable diaphragm or peristaltic pump,
e.g. mounted centrally on the backing layer (3) above the chamber (5) and is
releasably attached to the backing layer (3).

Figure 7 shows a variant of the apparatus (1) of Figure 6. The resiliently
flexible, balloon core (47) under the backing layer (3) is replaced by a resiliently
flexible, balloon chamber (49), defined by the backing layer (3) and a rigid
polymer dome (50) that is impermeable and permanently attached to the distal
face of the backing layer (3).

The balloon chamber (49), defined by the backing layer (3) and the rigid
polymer dome (50) is also inflatable and deflatable with a fluid, such as a gas,
e.g: air or nitrogen, or a liquid, such as water or saline, to apply varying
pfessure to the chamber (5) via an inlet and outlet pipe (51) mounted at the
periphery of the backing dome (50). '

A suitable moving device (58) (not shown) is used for moving the inflating fluid

in-and out of the balloon chamber (49) and thus to move wound exudate in and
out of the cleansing means (4), as noted in respect of Figure 6, and may be
mounted on the dome (50) rather than the backing layer (3).

In Figure 10, an electromagnetic solenoid core (53) within an electrical coil (54)
is mounted centrally in contact with the backing layer (3) on a rigid flange (55).
The electrical coil (54) is connected electrically to an appropriate alternating
electrical power source (60) (shown schematically).

The chamber (5) is provided at its base with an attached disc (566) of a

ferromagnetic material sheathed from the wound exudate and cleansing fluid.
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As the direction of current flow alternates, the solenoid core follows, and so
compresses and releases the chamber (5), and hence causes wound exudate
to be forced to and fro through the cleansing means (4).

Figures 8 and 9 show a variant of the apparatus (1) of Figures 1 and 4. The
moving device (7) in both cases that respectively replaces the syringe and the
press-button pump is a small peristaltic pump or diaphragm pump.

it is preferably a battery-driven miniature portable diaphragm or peristaltic
pump, e.g. mounted centrally on the backing layer (3) above the chamber (5)
and is releasably attached to the backing layer (3).

Figure 11 shows apparatus with a single-phase means for wound exudate
cleansing in which the wound exudate passes through the cleansing means one
or more times in only one direction. It is similar in structure to the apparatus
shown in Figures 5to 7 and 10.

The apparatus (1) comprises a cleansing means (4), which comprises a
chamber (5), here a conformable hollow bag, defined by the backing layer (3)
and a polymer film (6) that is permeable and pemmanently attached to the
proximal face of the backing layer (3). It contains a cleansing fluid absorbed in
a resiliently flexible foam (41).

The resiliently flexible foam (41) is contained in a permeable membrane (43)
aiid contains a material for sequestering deleterious materials from the wound
exudate.

These integers form the cleansing means (4).

An-outlet pipe (69) passes centrally through the backing layer (3) and
communicates between the interior of the chamber (5) and a pump, e.g.
preferably a battery-driven miniature portable diaphragm or peristaltic pump,
e.g. mounted centrally on the backing layer (3) above the chamber (5) and
releasably attached to the backing layer (3).

An inlet pipe (20) passes peripherally through the backing layer (3) and
communicates between the wound space and the pump.
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In use, wound exudate is moved by the pump (7) through the cleansing means
(4), and the foam (41) sequesters deleterious materials from the wound
exudate.

Figure 12 shows apparatus with a two-phase means for wound exudate
cleansing in which the cleansing phase moves.
Figure 12a shows apparatus in which the only the cleansing phase moves.

Figure 12b shows apparatus in which the cleansing phase and the wound
exudate phase move.

In both Figures, the apparatus (1) comprises a cleansing means (4), which
comprises a chamber (5), here in the form of tubules in an amay under the
backing layer (3) between a first boss (71) and a second boss (72) both
mounted in the backing layer (3). The tubules are made from a polymer
membrane that is selectively permeable to deleterious materials in the wound
exudate, and contain a dialysate fluid.

An inlet pipe (20) passes from the first boss (71) and communicates between
the interior of the chamber (5) and a pump (7), e.g. preferably a battery-driven
miniature portable diaphragm or peristaltic pump, e.g. mounted centrally on the
backing layer (3) above the chamber (5) and releasably attached to the backing
layer (3). An outlet pipe (21) passes from the second boss (72) and
communicates between the interior of the chamber (5) and the pump (7).

In use, dialysate fluid is moved by the pump (7) through the cleansing means
(4), and it removes deleterious materials from the wound exudate.

In Figure 12b, a third boss (78) with a wound exudate outlet passing centrally
through it and a fourth boss (79) with a wound exudate inlet passing centrally
through it are both mounted peripherally and mutually diametrically opposed in

_ the backing layer (3).

A wound exudate outlet tube (80) is connected to the third boss (78) and

communicates between the interior of the wound and the inlet of a second
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pump (82) (not shown), e.g. preferably a battery-driven miniature portable
diaphragm or peristaltic pump, mounted centrally on the backing layer (3).

A wound exudate inlet tube (81) is connected to the fourth boss (79) and
communicates between the interior of the wound and the outlet of the second

pump.

in use, not only is dialysate fluid moved by the first pump (7) through the
cleansing means (4), where it removes deleterious materials from the wound
exudate, but the wound exudate phase is moved under the backing layer (3)
through the wound space by the second pump in a counter-current direction to
enhance the removal from the wound exudate.

Figure 13 shoWs apparatus with a two-phase means for wound exudate
cleansing in which the cleansing phase moves.

The apparatus (1) comprises a cleansing means (4), which comprises a
chamber (5), here in the form of bag under the backing layer (3) and under a
foam filler (81).

This bag is made from a polymer membrane and contains a dialysate fluid,
which contains a material as a solute or disperse phase species that is for
sequestering or degrading deleterious materials from the wound exudate. The
membrane is chosen to be selectively permeable to allow perfusion of
deleterious material species targeted for sequestration or destruction from the
wound exudate into the dialysate, but not to allow any significant amounts of
antagonist in the dialysate fluid phase to diffuse freely out of the dialysate into
the wound fluid.

An’ outlet pipe (89) passes through the backing layer (3) and communicates
between the interior of the chamber (5) and a pump, e.g. preferably a battery-
driven miniature portable diaphragm or peristaltic pump, e.g. mounted centrally

_ on¥ the backing layer (3) above the chamber (5) and releasably attached to the

backing layer (3). An inlet pipe (90) passes peripherally through the backing
layer (3) and communicates between the chamber (5) and the pump.
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In use, dialysate is moved by the pump (7) through the cleansing means (4).
Deleterious material species targeted for sequestration or destruction from the
wound exudate into the dialysate, where the antagonist in the dialysate fluid
phase removes deleterious materials from the wound exudate, without diffusing
out into the exudate. .

In Figure 14, a reversing system is shown (wound exudate passes through the
cleansing means at least once in opposing directions) that is similar in structure
to the apparatus shown in Figures 1 and 3.

The microbe-impermeable polyurethane film backing layer (3), formed by
solution casting or extrusion, bears a centrally attached proximally projecting
boss (11) with a luer for connection to a mating end of a fluid supply and offtake
tube (19), which communicates between the interior of the boss (11) and a

syringe barrel (20), which is part of a syringe moving device (7).

A lower porous film (12) and an intermediate porous membrane (13), both made
of permeable polyurethane membrane with small apertures or pores, define a
cleansing chamber (15), which contains a solid particulate (not shown).

This is for sequestering deleterious materials from, but initially separated from,
the wound exudate. These integers, with a coextensive impermeable upper
sheet (24) with an upper aperture adapted to register with the conduit in the
boss (11), form an upper chamber (25), and all together form the cleansing
means (4). This is mounted on the lower face of the boss (11) with the upper
aperture in register with the conduit in the boss (11).

In use, movement of the syringe plunger (22) sucks and forces wound exudate
to and fro through the cleansing means (4).

The apparatus (1) in Figure 15 is a circulating system (wound exudate passes
through the cleansing means one or more times in only one direction). ltis a
vartant of the apparatus (1) of Figures 8 and 9.

The microbe-impermeable polyurethane film backing layer (3), formed by
solution casting, bears a centrally mounted proximally projecting boss (11) with
a uniform cylindrical-bore conduit through it and a luer for connection to a
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mating end of a fluid supply tube (20), which communicates between the interior
of the boss (11) and the outlet of moving device (7).

The moving device (7) is a battery-driven miniature portable diaphragm or
peristaltic pump, mounted centrally on the backing layer (3) and is releasably
attached to the backing layer (3).

A second proximally projecting boss (82) with a luer for connection to a mating
end of a fluid offtake tube (83) is mounted peripherally on the backing layer (3).
The fluid offtake tube (83) communicates between the wound space and the
inlet of the pump (7).

A lower porous film (12) and an intermediate porous membrane (13), both made
of permeable polyurethane membrane with small apertures or pores, define a
cleansing chamber (15), which contains a solid particulate (not shown) for
sequestering deleterious materials from, but initially separated from, the wound
exudate. These integers, with a coextensive impermeable upper sheet (24)
with an upper aperture adapted to register with the conduit in the boss (11),
form an upper chamber (25), and all together form the cleansing means (4).
This is mounted on the lower face of the boss (11) with the upper aperture in
register with the conduit in the boss (11).

in use, wound exudate is moved by the pump (7) through the cleansing means
(4), and the particulate (not shown) sequesters deleterious materials from the
wound exudate

The use of the apparatus of the present invention will now be described by way

- of example only in the following Examples:

Example 1: Cleansing Fe(ll) from aqueous solution with the apparatus iqure
1: Single-phase hand-syringe pum dressing containing solid sequestrant
{Cadexomer - desferrioxamine)




10

15

20

25

35

. WO 2005/051461 PCT/GB2004/004549

52

A hand-syringe pumped dressing as shown in Figure 14 was made up. The
cleansing chamber (15) contains a solid particulate (not shown) desferrioxamine
supported on Cadexomer (50 mg) to sequester and remove deleterious Fe(ll)
ions from surrogate exudate.

The porous film (12) and a permeable membrane (13), both made of Porvair
permeable membrane, are chosen to allow perfusion and flow under syringe
pumping through the cleanser but to contain the solid reagent.

In triplicate, the dressing as shown in Figure 1 was applied to a 9.60 ml capacity
circular wound cavity (cast in Perspex) containing an aqueous solution of
ferrous chloride tetrahydrate (Aldrich) (9.60 ml, 200 pmolar).

The solution was repeatedly completely withdrawn and completely reinjected
using the device syringe. At each withdrawal, a 100 microlitre aliquot of solution
was assayed using a ferrozine assay as follows: each 100 ul aliquot was added
immediately to a 1.5 ml capacity, 1 cm path-length UV cuvette containing 1 mi
Ferrozine stock solution (73.93 mg Ferrozine was made up to 250 mi in distilled
water (600 uM)). Absorbance (562 nm) readings were taken after at least 5 min.
incubation. The absorbance was measured using UNICAM UV4-100 UV-Vis
spectrophotometer V3.32 (serial no. 022405).

Six passes were made in total, at four minute intervals. The same method was
repeated in the absence of flow (i.e. without syringe pumping through the
cleanser) and sampied at equivalent time points. a '

Results and conclusions

The resulting “iron concentration profies were averaged and the standard
deviations were determined. The Fe(ll) concentration is effectively depleted to
background level in 3 full cycles (12 minutes). In the control, insignificant
concentration change has occurred in the same time period.

The dressing as shown in Figure 1 effectively sequesters Fe(ll) from aqueous
solution such as water, saline or wound exudate. '
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Example 2: Neutralising the pH of an acidic solution with the apparatus of

Figure 15: Single-phase recirculating pumped dressing containing_solid acid
scavenger, ScavengePore® phenethyl morpholine.

A recirculating pumped dressing as shown in Figure 15 was made up. The
cleansing chamber (15) contains a solid particulate (not shown) of
ScavengePore® phenethyl morpholine (Aldrich) (50 mg), which is a low-
swelling macroporous highly crosslinked polystyrene/divinylbenzene ion-
exchanger resin matrix, with 200 — 400 micron particle size, to scavenge and
remove protons, which are acidic species which adversely affect the pH in the
wound exudate, from surrogate exudate.

The porous film (12) and a permeable membrane (13), both made of Porvair
permeable membrane, are chosen to allow perfusion and flow under pumping
through the cleanser but to contain the ion-exchange reagent.

In triplicate, 4.80 ml DMEM was In triplicate, Device 2 was applied to a 9.60 ml
capacity circular wound cavity (cast in Perspex) containing Dulbecco’s Modified
Eagles Medium (DMEM) (Sigma) (4.80 ml, pH adjusted to pH 6.6 using
hydrochloric acid (0.975 N in water, 75 pl). The remaining cavity volume was
filled with glass beads. The solution was circulated through the cavity at a flow
rate of 2.35 ml min™. : '

100 p! samples were taken at 5 min. time points up to 40 min, and pH was
recorded using a flat-bed pH meter. The same method was repeated in the
ab#ence of flow (i.e. no pump circulation of the solution) and sampled at
equivalent time points.

Results and Conclusions

The resulting pH profiles were averaged and standard deviations determined.
The pH was effectively adjusted to pH 7.4 in 40 min. In the control, a slower
change in pH was observed in the same time period to pH 7.

Exampie 3: Cleansing elastase from_aqueous solution by diffusion across a
diaglysis membrane with the apparatus of Figure 12: Two-phase recirculating
pumped dressing containing no reagent
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A recirculating pumped dressing as shown in Figure 12 was made up. The
cleansing chamber (5) is in the form of tubules made from a polymer membrane
that is selectively permeable to a deleterious materials in wound exudate
(elastase). These in an array under the backing layer (3) within the wound
space between a first boss (71) and a second boss (72) both mounted in the
backing layer (3). The tubules contain a dialysate fluid and are in a circuit with
a pump (7).

In triplicate, the dressing as shown in Figure 12 was applied to a 9.60 ml
capacity circular wound cavity (cast in Perspex) containing elastase solution
(porcine pancreatic elastase, Sigma) (4.80 mi, 0.5 mgmt' in TRIS buffer, pH
8.2, 0.2 M). The remaining cavity volume was filled with glass beads. The inlet
and outlet ports were connected to the circulating pump.

The dialysate system was prefiled with TRIS (pH 8.0, 0.2 M). This was
circulated through the dressing at a flow rate of 2.35 ml min”'. 10 pl samples of
the circulating solution were taken at 5 min. time points up to 45 min, and the
activity was recorded using a standard N-succinyl-(ala)s-p-nitroanilide
colorimetric assay. The same method was repeated in the absence of flow (i.e.
no pump circutation of the solution) and sampled at equivalent time points.

Results and Conclusions

The activity of the samples was determined from their absorbances at 405 nm
using a UV/Vis spectrometer. Results were averaged and standard deviations
determined. Effective transfer of elastase across the dialysis membrane is seen
in 45 min. In the control, no effective transfer was observed in the same time

potcd

Example 4: Cleansing Fe(ll) from aqueous solution with the apparatus of Figure
13:  Two-phase _recirculating pumped dressing containing liquid _phase
sequestrant (starch — desferrioxamine (DFO) conjugate)

An analogue of the apparatus (1) in Figure 13 was made up, i.e. with a
circulating system (wound exudate passes through the cleansing means one or
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more times in only one direction) with a two-phase means for wound exudate
cleansing in which the cleansing phase moves.

The apparatus (1) comprises a cleansing means (4), which comprises a
chamber (5) which is made from a polymer membrane and contains a dialysate
fluid, which contains a material as a solute or disperse phase species that is for
sequestering or degrading deleterious materials from the wound exudate.

The membrane is chosen to be selectively permeable to allow perfusion of
deleterious material species targeted for sequestration or destruction from the
wound exudate into the dialysate, but not to allow any sighificant amounts of
antagonist in the dialysate fluid phase to diffuse freely out of the dialysate into
the wound fluid.

The analogue is a circuit containing a 0.5-1.0 ml capacity Slide-A-Lyzer dialysis
unit, with an upper chamber and a lower chamber in which wound exudate and
cleansing fluid respectively are separated from each other by a polymer
membrane chosen to have the properties noted above (MWCO 10000).

The lower chamber, through which cleansing fluid passes, has diagonally
opposed inlet and outlet ports, which are opened with needles, connected to a
circuit of 5 mt capacity containing a dialysate reservoir and a battery-driven
miniature portable diaphragm or peristaltc pump. The circuit contains an
aqueous high molecular weight starch — DFO conjugate (5 mi, 4 mg/m!).

An aliquot of ferrous chloride tetrahydrate (Aldrich) solution (0.5 ml 3 mM) was
placed in the upper cavity of the slide and dialysed with 3.6 ml/min. flow in the
circuit and (as a control) in the absence of flow in the circuit.

10 microlitre aliquots were removed for 30 minutes at 5 minutes intervals
(including t = 0). The 10 microlitre aliquot of solution was assayed using the
ferrozine iron(ll) determination assay as described in Example 1 above. These
experiments were performed in triplicate.

Results and Conclusions
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The resulting iron concentration profiles were averaged and standard deviations
determined. The Fe(ll) concentration was effectively depleted to approximately
50% of the initial level in 30 minutes. Without circuit flow, Fe(ll) concentration
was depleted to approximately 75% of the starting value in the same time
period. The apparatus effectively sequesters Fe(ll) from aqueous solution.
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Claims

An apparatus for cleansing wounds, comprising
a conformable wound dressing, having
a backing layer which is capable of forming a relatively fiuid-tight seal or
closure over a wound and
characterised in that it also comprises
a)a cleansing means for selectively removing materials that are
deleterious to wound healing from wound exudate, which means is
under the backing layer and sits in the underlying wound in use and
b) a moving device for moving fluid within the cleansing means, and
c) optionally bleed means for bleeding the cleansing means.

An apparatus for cleansing wounds according to claim 1, characterised in
that it is a single-phase system in which the fiuid that is moved through the
means for fluid cleansing is wound exudate optionally mixed with an irrigant
which passes into, through and out of the cleansing means back to the
wound bed.

An apparatus for cleansing wounds according to claim 1, characterised in
that it is a multiple-phase system in which the means for fluid cleansing
comprises a chamber containing a cleansing fluid separated from the
wound exudate by means of a permeable integer, and the cleansing fluid
and/or the wound exudate optionally mixed with irrigant is/are moved
through the means for fluid cleansing by the device for moving fluid.

An apparatus for cleansing wounds according to claim 1, characterised in
that it is operated as a circulating system, in which the relevant fluid passes
through the cleansing means one or more times in only one direction.

An apparatus for cleansing wounds according to claim 1, characterised in
that it is operated as a reversing system, in which the relevant fluid passes
through the cleansing means at least once in opposing directions.

An apparatus for cleansing wounds according to claim 3, characterised in
that the moving fluid is only the cleansing fluid.
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. "An apparatus for cleansing wounds according to claim 3, characterised in

that the moving fluids are the cleansing fluid and the wound exudate
optionally mixed with irrigant.

An apparatus for cleansing wounds according to claim 3, characterised in
that the permeable integer is selectively permeable to materials deleterious
to wound healing in the wound exudate.

An apparatus for cleansing wounds according to claim 3, characterised in
that the permeable integer is not an integer selectively permeable to
materials deleterious to wound healing and that in the cleansing fluid, or in
one or more solid integers with at least one surface in contact with the
cleansing fluid, in the means for fluid cleansing, there are one or more

materials that can remove materials deleterious to wound healing in the

wound exudate.

10. A method of treating wounds to promote wound healing using the apparatus

for cleansing wounds of claim 1.
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