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(57) Abstract

The present invention relates to a portable wound cleaning apparatus (1) suitable for use in the cleaning and treatment of wounds. The
apparatus (1) comprises a cleaning liquid inlet (4); 2 pump (P) for conveying liquid (6) from the inlet (4) through an irradiation passage (12)
to an outlet nozzle (26). The irradiation passage (12) is enclosed within an irradiation chamber (14) for irradiation by ultraviolet radiation
(16) of an effective sterilizing wavelength from an irradiation source (18). The irradiation passage (12) has a wall (24) substantially
transparent to the effective sterilizing wavelength of ultraviolet radiation (16). The pump (P) for conveying the liquid (6) is provided with a
flow control valve (28) for controlling delivery of cleaning liquid (6A) from the outlet nozzle (26). The pump (P) for conveying the liquid
(6) and the irradiation passage (12) and the irradiation source (18) are formed and arranged so that in use of the apparatus (1), the liquid
(6) is subjected to an effective sterilizing dose of irradiation (16) during transit through the irradiation passage (12) so that in use of the
apparatus (1) a sterile flow of cleaning liquid (6A) may be delivered through the nozzle (26) to a wound to be cleaned.
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WOUND CLEANING APPARATUS

The present invention relates to a wound cleaning apparatus

suitable for use in the cleaning and treatment of wounds.

Conventional apparatus and methods for cleaning wounds, such
as those caused by ulcers, burning or infection, have
included swabbing with antiseptic solution or water from
specially supplied bags of sterile water, to aerosols which
spray of fine mist of antiseptic solution/sterile water onto
a wound. The former method using "topical water™ supplied
in plastics bags is clumsy and expensive. Moreover swabbing
with an antiseptic is not particularly effective in cleaning
wounds and is painful to patients due to the need to apply,
albeit light, pressure to the wound. The latter method and
apparatus because of the generally high pressure from the
aerosol also results in discomfort and pain to the patient
to be treated and is expensive. Moreover existing methods
require a supply of sterile water which usually is not
available for instance at a accident and emergency scene or

in the home for use by community nurses/patients.

It is an object of the present invention to avoid or
minimise one or more of the foregoing disadvantages and to
provide an apparatus that produces a flow of sterile

cleaning liquid for use in the cleaning and treatment of
wounds.

The present invention provides a portable wound cleaning
apparatus suitable for use in the cleaning and treatment of
wounds which apparatus comprises a cleaning liquid inlet
means; means for conveying liquid from said inlet means
through an irradiation passage means to an outlet nozzle,
said irradiation passage means being enclosed within an
irradiation chamber for irradiation by ultra-violet
radiation of an effective sterilizing wavelength from an
irradiation source, said irradiation passage means having
wall means substantially transparent to said effective

sterilizing wavelength of ultra-violet radiation, said means
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for conveying said ligquid being provided with flow control
means for controlling delivery of cleaning liquid from said
outlet nozzle in use of the apparatus, said means for
conveying said liquid and said irradiation passage means and
said irradiation source being formed and arranged so that in
use of the apparatus, said liquid is subjected to an
effective sterilizing dose of irradiation during transit
through said irradiation passage means, whereby in use of
the apparatus a sterile flow of said cleaning liquid may be
delivered through said nozzle to a wound for cleaning
thereof.

Thus with a portable wound cleaning apparatus according to
the present invention a flow of sterile cleaning fluid
suitable for the cleaning of wound in a simple and
convenient manner, is made available as required in a

particularly convenient and economic manner.

Various forms of irradiation passage means may be used
including for example an elongate conduit routed along an
extended path in proximity to the irradiation source, e.g.
along a helical path (preferably with a short pitch) around
the irradiation source. Desirably there is used a
relatively small bore conduit e.g. having a diameter less
than 2 mm preferably 1.5 to 2 mm. Most preferably though

the irradiation passage means is in the form of a static
mixer.

Conveniently the inlet means is connected to an on-board
reservoir means, which may be removable for refilling and/or
may be disposable especially where it is desired to use the
apparatus with different cleaning liquids e.g. plain water
or water with one or more additives such as an antiseptic

(e.g. SAVLON (Trade Mark) etc.) or a local anaesthetic.

Alternatively the inlet means is adapted for coupling to an
external reservoir or a mains water supply. This is
generally less convenient but where a mains water supply is

used, then the pressure of this may be used for conveying
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the water through the apparatus to the outlet nozzle.

Where an on-board reservoir is provided for holding cleaning
liquid then desirably there is included means for pumping
liquid through the apparatus of the invention. Preferably
there is used a conventional vane or impeller type pump
driven by a electric motor. Internal batteries or means for
connecting the electric motor to an external electrical
power source through, for example, a domestic electrical
power point may be used to provide electric power for such
an electric motor. Power may also be supplied via inbuilt
solar power panels. 1In this case the flow control means
conveniently comprise pump control means formed and arranged
to adjust and/or control the rate of flow of cleaning liquid
pumped from the reservoir to the static mixer or other
irradiation passage means and out of the outlet nozzle. The
flow control means may be in the form of means for
controlling the rate at which said pump operates and/or
adjustable valve means between said reservoir and said
outlet nozzle. Conveniently said electric power source is
used also to operate said irradiation source.

Manual pump means for pumping said liquid may also be used
if desired. The pump means may moreover be disposed
upstream or downstream of the irradiation chamber. In one
embodiment there could be used a squeezable hand pumping
unit on which the delivery nozzle is mounted. It will
further be appreciated that the means for pumping the liquid
could simply comprise a pressurized gas supply e.g. from a
compressed gas cylinder or cartridge or by using a manual
pump to pressurize gas in the liquid reservoir above the

liquid before and/or during use of the apparatus.

Filters to prevent debris passing from the reservoir through

to the pumping means and/or the static mixer are preferably

utilized.

Said outlet nozzle is preferably formed and arranged to

produce a low pressure spray or flow of liguid at the outlet
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nozzle in the range of 2-10 psi (1.4 x 10' - 6.8 x 10' N/m¢)
for gently irrigating the wound. The pumping means and said
outlet nozzle means are preferably formed and arranged to
provide a fluid flow of in range of from 100 ml/min to 600
ml/min. Said fluid flow may be readily adjusted by said
adjustable valve means and/or by controlling the rate at

which said pump operates.

Preferably there is used a static mixer of the interfacial
surface generator type such as that sold under the POSIMIXER
Trade Mark by Ligquid Control Limited of United Kingdom and
described in U.K. Patent Publication No. 2018609A, which
document also mentions other publications relating to such
mixers. Alternatively there may be used a device such as
that described in our earlier U.K. Patent No. GB2200020B
(though it will be appreciated that the transmission of UV
through water is substantially greater than with blood so
that there is significantly greater design flexibility in
relation to the static mixer component). Preferably a
relatively small diameter static mixer is used, desirably
the POSIMIXER 1/4" (6.35 mm) model having two elements,
advantageously split into forty eight (48) element sections.
The static mixer may be connected to the pumping means and
thereby to the reservoir by preferably flexible conduit
means having a diameter of 2 to 3 mm.

Conveniently said reservoir is of a generally translucent
plastics material e.g. polyvinylchloride, and/or is provided
with liquid level indicator means for indicating to a user
the amount of liquid remaining in the reservoir. Tt will be
understood that the reservoir may be of any convenient size
but preferably will be more or less compact to facilitate
transportation between a suitable liquid source e.g. a
kitchen or washroom water tap and a wound treatment
location. The reservoir may be removable from the apparatus
to facilitate filling and/or provided with suitable inlet
means to facilitate filling thereof. Advantageously there
is used a reservoir having a capacity sufficient for at

least 15 secs, preferably at least 30 seconds, e.g. around 1



WO 97/02058 PCT/GB96/01542

10

15

20

25

30

35

- 5 -

minute of wound irrigation. The flow rate will generally be
in the range from 50 to 1000 mls per minute, preferably from
100 to 600 mls/min. Thus the reservoir will preferably have
a capacity of at least 1000 cc, preferably from 500 to 1000
cc. Where the gas above the liquid in the reservoir is
compressed for pumping the liquid through the system then
the capacity of the reservoir is preferably increased.

Advantageously said cleaning liquid such as water may have

one or more additives added thereto such as saline solution
components, antiseptic, and/or local anaesthetic which helps
to reduce still further any possible discomfort to patients

in use of the wound cleaning apparatus of the invention.

Conveniently said irradiation source is provided by compact
UVB or UVC, preferably UVC emitting fluorescent tubes e.g.
type TUV 8 watt produced by Philips Lighting of United
Kingdom. The effective sterilizing wavelength from said
irradiation source is preferably in the region of from 200

to 300 nm, e.g. around 254 nn.

Preferably the apparatus of the invention is enclosed by a
lightweight and robust aluminium or plastics housing which
at least in relation to said irradiation chamber is
substantially impermeable to said U.V. radiation. The
inside walls of said chamber may conveniently be
substantially reflective to said U.V. radiation and/or be
provided with suitable reflectors e.g. aluminium foil for

directing the U.V. radiation towards the static mixer.

In another respect the present invention provides a method
of providing a flow of sterile cleaning fluid suitable for
the cleaning of a wound comprising the steps of:- providing
an apparatus according to the present invention, providing a
ligquid supply to said cleaning liquid inlet means, operating
said means for conveying liquid through said irradiation
chamber so as to subject said liquid to an effective
sterilizing dose of irradiation and delivering a sterile

flow of cleaning liquid through said nozzle to a wound for
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Further preferred features and advantages of the present
invention will appear from the following detailed
description given by way of example of some preferred
embodiments'illustrated with reference to the accompanying
drawings in which:-

Fig. 1 is a schematic layout of a portable wound cleaning
apparatus of the invention;

Fig. 2 is a block diagram of the component parts of the
apparatus shown in Fig. 1; and

Fig. 3 is a sectional side view through a second embodiment

of portable wound cleaning apparatus of the invention.

A portable wound cleaning apparatus, generally indicated by
reference number 1, is shown in Figs. 1 and 2 and comprises
a casing 2 (shown in broken line) containing a tank 4 of

water 6 connected by a pipe 8 to an electric pump P and from
the pump P via a filter 10 to a static mixer 12. The static
mixer 12 is contained within an irradiation chamber 14 which
contains also an ultra-violet light 16 source in the form of
a tube 18. Both the pump P and the tube 18 are electrically
connected to a power source 20 and control system 22 for

powering and controlling the pump P and the U.V. tube 18.

In more detail the water 6 in the tank is tap water (and may
optionally contain an antiseptic or local anaesthetic
additive). The water 6 is pumped by the pump P through the
filter 10 which removes any debris in the water. The water
6 in a stream then passes under the action of the pump P
into the static mixer 12 contained in the irradiation
chamber 14. The static mixer 12 is of the interfacial
surface generator type and contains a plurality of elements
12a, each of which divides the stream of water 6 into
substreams and then re-orients and recombines the sub-
streams into a mainstream. This provides a very effective
mixing of the water 6 as it passes through the mixer 12 and
of the sterilization of the water 6 as it is irradiated by
the U.V. light 16. The mixing ensures that a substantial
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part of a body of water passing through the mixer 12 is
brought into close proximity with the inside surface of the
U.V. transparent walls 24 of the mixer 12 so as to be
effectively sterilized by the U.V. light 16 as it exits the
mixer 12. The sterilized water then pass out of the mixer
through a further tube and out of the body 2 to an outlet
nozzle 26. The outlet nozzle 26 may have a valve control 28
to adjust the rate of flow of sterilized liquid exiting the
nozzle 26. The sterilized water 6A may be used then to
treat a wound (not shown).

Fig. 3 shows a second embodiment of a portable wound

cleaning apparatus according to the invention.

The wound cleaning apparatus, indicated by reference number
la, as shown in Fig. 3, comprises a doughnut or annular
shaped container 4a having a stainless steel outer wall
casing 30 and a U.V. transmitting inner wall 32 of FEP
(fluorinated-ethenepropene). The container 4a is mounted on
a base 34 which supports a U.V. radiation source in the form
of an upstanding U.V. tube 18a, around which the container
4a stands and defines an irradiation chamber 14a. An
irradiation passage means in the form of a helical pipe 8a
surrounds the U.V. tube 18a. The walls 24a of the helical
tube 8a are transparent to the U.V. radiation 16a emitted
from the U.V. tube 18a so that a liquid 6a passing through

the pipe 8a may receive an effective sterilizing dose of
U.V. irradiation 16a.

The container 4a contains water 6a (optionally containing an
antiseptic or local anaesthetic additive) filled from a
domestic tap through a filler cap 36 which seals and makes
airtight the container 4a. A CO, gas injector 38 provides
pressurized gas 40 for pressuring the container 4a and the
contents thereof. When the container is pressurized water
in the container is driven up a pickup pipe 42 and out
through the top 44 of the container 4a and along a pipe 46
which enters the irradiation chamber 1l4a and is connected to

the helical pipe 8a surrounding the U.V. tube 18a. The
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water is irradiated by an effective sterilizing wavelength

of U.V. irradiation as it passes
and around the U.V. tube 18a and
top 44 of the apparatus la via a

nozzle 50 for irrigating a wound

water 6A. Pressurized gas 40

along the helical pipe 8a
is then driven out of the
conduit 48 to a spray
with the now sterilized

from the container is

optionally connected via a conduit 52 to the spray nozzle

50.

The top 44 of the container 4a is provided with a safety cap
52 to protect against U.V. light leakage and also to allow
heat generated by the U.V. tube to escape and is described

in more detail with reference
comprises an outer U.V. light
aperture 56 through which hot
Inside the
smaller heat baffle 60 spaced

light 18a passes.

baffle 54 and supported on support webs 62.

to Fig. 4. The safety cap 52
baffle 54 having a centre

air 58 generated by the U.V.
outer light baffle 54 is a
apart from the outer light

The webs 62 and

heat baffle 58 are arranged inside the cap 52 so that hot
air 58 is deflected by the heat baffle 60 and passes out
under the sides of the heat baffle 60 and then through the
space 64 between the baffles out through the centre aperture
56 of the light baffle. The substantial overlapping of the
baffles prevents any U.V. light exiting the cap 52.
Furthermore the inside surfaces of the cap have a matt black
non reflective coating to reduce as far as practicable the
possibility of U.V. light escaping. The cap 52 has a
bayonnet type fitting 66 (or other suitable means e.g. screw
thread) for releasably securing the cap 52 to the container
4a and a further light baffle 68 at this connection portion.
The cap 52 and the container 4a are provided with a safety
interlock device (not shown - e.g. a microswitch or the
like) so that in the event of the cap 52 being removed the
U.V. light 18a will not operate. The underside of the cap
52 has ports 70, 72 through which the pipe 46 (not shown)
connected to the helical tube 8a may pass.

It will be appreciated that various modifications may be
made to the abovedescribed embodiment without departing from
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the scope of the present invention. Thus for example the
gas injector, (such as that used for home beer making and
sold by the Boots company of Nottingham, U.K.) may be
connected to the container through a safety release valve
designed to release excess pressure from the container when
it reaches a predetermined level e.g. 15 psi. (103.4 kN/m‘)
A gas injector need not be used and a simple manually

operated (e.g. hand) pump formed and arranged to pressurize
the container may be used.

The helical pipe 8a may have a twin bore - one for water and
one for air - each having a diameter of from 1.5 to 2 mm and
formed and arranged such that the water bore is supplied
from water in the container and the air bore is supplied
from the compressed air in the container. It will be
appreciated that this arrangement can supply sterilized
water only, sterilized air only or a combination thereof
such as an atomised water spray from a suitable spray

nozzle.

The spray nozzle may be of the type used by dentists for
oral hygiene purposes. A preferred spray nozzle is one of
the type sold under the MICRON Trade Mark and marketed by
Wright Dental Ltd. of Dundee, Scotland, U.K.

The helical tube may be formed and arranged to be disposable
and/or interchangable with other helical tubes for use with
the apparatus of the invention where, for example, different
solutions of water and water additives are required.
Moreover there may be provided a disposable reservoir bag
formed and arranged for fitting into the container. Such
bags may contain ready mixed but unsterilized liquid such as
water only; water/SAVLON (Trade Mark) mixtures; saline
solutions; anaesthetic solutions for subsequent

sterilization by the apparatus of the invention.

In yet a further embodiment of the invention (not shown) the
gas injector may be dispensed with and the apparatus

connected directly to the domestic water supply via a tap



WO 97/02058 PCT/GB96/01542
- 10 -~

such that the pressure for the apparatus is supplied by the
water mains pressure.
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CLAIMS
1. A portable wound cleaning apparatus (1) suitable for use
in the cleaning and treatment of wounds which apparatus (1)
comprises a cleaning liquid inlet means (4); means (P) for
conveying liquid (6) from said inlet means (4) through an
irradiation passage means (12) to an outlet nozzle (26),
said irradiation passage means (12) being enclosed within an
irradiation chamber (14) for irradiation by ultra-violet
radiation (16) of an effective sterilizing wavelength from
an irradiation source (18), said irradiation passage means
(12) having wall means (24) substantially transparent to
said effective sterilizing wavelength of ultra-violet
radiation (16), said means (P)for conveying said liquid (e) -
being provided with flow control means (28) for controlling
delivery of cleaning liquid (6A) from said outlet nozzle
(26) in use of the apparatus (1), said means (P) for
conveying said liquid (6) and said irradiation passage means
(12) and said irradiation source (18) being formed and
arranged so that in use of the apparatus, said liquid (6) is
subjected to an effective sterilizing dose of irradiation
(16) during transit through said irradiation passage means
(12), whereby in use of the apparatus (1) a sterile flow of
said cleaning liquid (6A) may be delivered through said

nozzle (26) to a wound for cleaning thereof.

2. An apparatus according to claim 1 wherein said
irradiation passage means (12) comprises an elongate
relatively small bore conduit (8a) routed along on extended

path in proximity to said irradiation source (18).

3. An apparatus according to claim 2 wherein said conduit
(8a) 1s routed along a short pitch helical path routed
around said irradiation source (18).

4. An apparatus according to any one of claims 1 to 3
wherein said irradiation passage means is in the form of a
static mixer (12).

5. An apparatus according to claim 4 wherein said static
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mixer (12) is of the interfacial surface generator type.

6. An apparatus according to any one of claims 1 to 5
wherein said inlet means is connected to an on board

reservoir means (4).

7. An apparatus according to any one of claims 1 to 5
wherein said inlet means (4) is adapted for coupling to a

water supply tap.

8. An apparatus according to any one of claims 1 to 7
wherein said means for conveying liquid (6) is in the form

of an electric pump (P).

9. An apparatus according to claim 8 wherein said pump (P)

is connected to an on board electrical power source.

10. An apparatus according to claim 8 wherein said pump (P)
is provided with means for connecting with a mains power

supply.

11. An apparatus according to any one of claims claim 8 to
10 wherein said flow control means comprises pump control
means (22) formed and arranged to adjust and/or control the

rate of flow of cleaning liquid (6).

12. An apparatus according to any one of claims 1 to 7
wherein said means for conveying liquid are selected from
the group comprising:- manual pump means; pressurized gas
supply means; and pressurized liquid supply means.

13. An apparatus according to any one of claims 1 to 12
wherein said irradiation source (18) produces U.V. radiation
(16) in the wavelength range from 200 to 300 nm.

14. An apparatus according to any one of claims 1 to 13
wherein said irradiation chamber (14) is enclosed by a
housing (30) which is substantially impermeable to said U.V.
radiation (16).
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15. An apparatus according to claim 14 wherein said housing
(30) is provided with an arrangement of overlapping baffle
means (54, 60) formed and arranged to permit venting of heat
generated by said irradiation source and preventing any U.V.
light exiting said housing (30).

16. A method of providing a flow of sterile cleaning fluid
suitable for the cleaning of a wound comprising the steps
of:- providing an apparatus (1) according to claim 1,
providing a liquid supply to said cleaning liquid inlet
means (4), operating said means for conveying liquid through
said irradiation chamber (14) so as to subject said liquid
to an effective sterilizing dose of irradiation and
delivering a sterile flow of cleaning liquid through said

nozzle (26) to a wound for cleaning thereof.
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