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(57) Abstract: An apparatus for treating wound with negative pressure.
The apparatus including a wound cover (1), a first pump (9) for providing
said negative pressure to the wound (5), a canister (6), a first conduit (8)
between the wound cover (1) and the canister, means for measuring the
pressure within the canister (6), and a second conduit (10) which connects
the canister with the first pump. A circulating pump (12) is arranged to
transport gas from the canister (6) to the wound region via a third conduit
(13) and back to the canister (6) via the first conduit (8) in order to press
out a possible liquid column from the first conduit (8) to the canister (6).
The invention further relates to a method for controlling the negative pres
sure in a wound with use of said apparatus.



An apparatus and method for controlling the negative
pressure in a wound

TECHNICAL FIELD

The present invention relates to an apparatus for treating wound with

negative pressure, said apparatus including a wound cover, a first pump for

providing said negative pressure to the wound, a canister, a first conduit

between the wound cover and the canister, which first conduit connects the

wound with the canister, means for measuring the pressure within the

canister, and a second conduit which connects the canister with the first

pump.

The invention also relates to a method for controlling the negative pressure in

the wound area with use of an apparatus for treating wound with negative

pressure, comprising using a first pump to create a negative pressure within

a canister, which is connected with the wound via a first conduit, and

measuring the pressure in the canister.

BACKGROUND ART

Healing of wound with negative pressure is today an accepted method for

treating difficult and with earlier conventional methods slow-healing wounds.

Drainage of, for example, surgical wounds or other weeping wounds with

negative pressure is a standard treatment which has been used for decades.

An example of a manual suction pump for this purpose is described in US 3

742 952.

US 3 572 340 describes a pump in the form of an elastically compressible

body made of an open-celled foam material, preferably a polyurethane foam,

which body also serves as a receptacle for fluid drained from the wound. The

pump is said to have a capacity to maintain an negative pressure of 15-80

mmHg for more than 48 hours. A perforated drain is intended to be placed in



the wound pocket and is connected to the pump by a tube. A similar device is

described in US 4 525 166, in the description of which it is specifically stated

that the negative pressure not only drains wound fluid but also draws

together the wound edges and stimulates tissue growth and healing of the

wound. The two latter publications therefore state that vacuum treatment of

wounds stimulates wound healing.

The terms vacuum treatment, treatment with reduced pressure and treatment

under negative pressure are used interchangeably in the literature. It should

be pointed out that, where these terms are used within this description,

treatment at a pressure below normal atmospheric pressure is always meant.

Deep wounds have also been treated with a combination of a rinsing fluid

supply and subsequent aspiration. Examples of such devices are described

in US 5 358 494 and US 4 382 441 .

Extensive studies of the effect of both continuous and intermittent treatment

of wounds under negative pressure, i.e. pressure below normal atmospheric

pressure, were conducted during the 80's in Russian institutions. It was here

demonstrated that slow-healing wounds heal substantially faster with the aid

of vacuum treatment compared with conventional treatment methods. It was

also shown, inter alia, that treatment with reduced pressure produced a

significant antibacterial effect. The said Russian studies are described in

articles in the Russian medical journal Vestnik Khirurgii. The articles from the

said journal are:

1) Kostiuchenok et al, September 1986, pages 18-21 .

2) Davydov et al, September 1986, pages 66-70.

3) Usupov et al, April 1987, pages 42-45.

4) Davydov et al, October 1988, pages 48-52.

5) Davydov et al, February 1991 , pages 132-1 35.

In an article by Chariker et al in the journal Contemporary Surgery, issue 34,



June 1989, it is stated that vacuum treatment improves the growth of

granulation tissue and the wound contraction of wounds which with

conventional treatment are very slow-healing.

Vacuum treatment of wounds is described in for instance US 4 969 880, US

5 645 081 , US 5 636 643, US 6 855 135 and WO 2006/025848 A2.

In order to get a good wound healing when using negative pressure

treatment it is important to control the pressure at the wound, i.e. that the

chosen and set pressure of the system is the same as is achieved at the

wound.

The therapy pressure, i.e. the pressure at the wound, is affected by several

factors, such as the difference of the height levels of the wound and of the

canister when there is a liquid column in the suction tube between the wound

and the canister. The tube can also be clogged by exudates with high

viscosity.

EP 0 865 304 B 1 describes an apparatus that in addition to a drainage

conduit between the wound cover and the canister includes an additional

conduit connecting the wound cover to a pressure detecting means, whereby

the pressure substantially at the wound site can be measured. The apparatus

according to EP 0 865 304 B 1 describes an embodiment which includes a

relief valve for admitting ambient air to the wound site via the additional

conduit and means for controlling the operation of said relief valve.

SUMMARY OF THE INVENTION

By means of the present invention an improved device of the type mentioned

in the introduction has been achieved. The apparatus in accordance with the

invention is characterized in that a circulating pump is arranged to transport

gas from the canister to the wound area via a third conduit and back to the



canister via the first conduit in order to press out a possible liquid column

from the first conduit to the canister.

One advantage with the above defined apparatus is that consumption of

energy is much less when gas is circulated in the system instead of letting in

ambient air. When ambient air at atmospheric pressure has been let in it is

necessary to again establish therapy pressure which demands a lot of energy

and quick consumption of batteries.

Another advantage is less discharge of gas from the apparatus and by that

the risk is reduced for letting out odour from the apparatus.

According to an embodiment the invention is further characterized in that the

circulating pump is arranged to work intermittently.

According to an embodiment the invention is characterized in that said

circulation pump is time controlled in order to control the maximal height of a

possible liquid column that can be built up in the first conduit during a period

when the circulating pump is turned off.

According to an embodiment the invention is characterized in that said

means for measuring the pressure within the canister is a pressure sensor.

According to another embodiment the invention is characterized in that a

check valve is arranged to hinder gas pumped by the circulating pump from

reaching the wound area.

According to another embodiment the invention is characterized in that said

check valve is arranged in a connecting branch on the wound cover.

According to an embodiment the invention is characterized in that said

wound cover includes a wound filler and a sealing film.



According to an embodiment the invention is characterized in that the

apparatus includes a soft adapter which is arranged to connect the wound

under the sealing film with the first conduit, and in that said soft adapter

includes a soft, flexible tube, which is arranged to be connected to said first

conduit.

According to an embodiment the invention is characterized in that said soft,

flexible tube comprises an outer impermeable shell of a soft thin plastic film

and an open-cell foam enclosed in said shell.

According to a further embodiment the invention is characterized in that

means are arranged to analyse the power consumption of the circulating

pump and provide an alarm signal when said power consumption indicates

that the first conduit and/or the canister is blocked.

According to an embodiment the invention is characterized in that a first filter

is arranged in the canister at an outlet to the second conduit and that said

filter includes activated carbon.

According to a further embodiment the invention is characterized in that a

second filter is arranged in the third conduit to prevent entrance of

contaminated gas from the canister to the third conduit.

According to an embodiment the invention is characterized in that a third filter

is arranged between the first pump and ambient air.

The method according to the invention is characterized in that gas is

transported with a circulating pump from the canister towards the wound

region via a third conduit and that said gas is further directed to the first

conduit and back through the first conduit to the canister for pushing a

possible liquid column of wound exudate reciding in the first conduit to the

canister.



The method according to the invention is preferably further characterized in

gas is pushed through the third conduit with said circulating pump at regular

time intervals and that the length of said time interval is chosen for setting

maximal allowed difference of the negative pressure within the wound

relatively the set pressure in the canister.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustration of the apparatus according to the invention.

Fig. 2 is a block diagram over a more detailed embodiment of an apparatus

according to the invention

DETAILED DESCRIPTION

The apparatus according to the invention includes a wound cover 1, which in

the shown embodiment in figure 1 comprises a wound filler 2, a sealing film 3

and a connecting branch 4 . The wound filler may be open-celled polymeric

foam, such as polyurethane foam or polyvinyl alcohol foam having

interconnecting cells for distribution of an applied negative pressure over the

wound 5 . The sealing film 3 can for example be a polyurethane film.

A canister 6 is arranged to collect wound exudate 7, which is sucked from the

wound via a first conduit 8 . A first pump 9 is arranged to apply the negative

pressure in the canister and in the wound area. The pump 9 is connected

with the canister via a second conduit 10 . A pressure measuring means 11 is

arranged as shown in the second conduit for measuring the pressure within

the canister. This pressure is the same as the pressure in the wound area

when no wound exudate is present in the first conduit.



The apparatus includes a circulating pump 12 for transporting gas from the

canister to the wound area via a third conduit 13 and back to the canister via

the first conduit 8 with the purpose to pressing out a possible liquid column

from the first conduit to the canister. A check valve 14 is arranged in the

connecting branch 4 to hinder gas pumped by the circulating pump 12 from

reaching the wound area. The check valve can for instance be a duck bill

valve. The check valve 14 is arranged to allow gas and wound exudate to be

sucked in the direction from the wound to the canister 6 .

The negative pressure in the canister is established with the first pump 9 .

This negative pressure is transferred to the wound via the first tube 8 . With

the expression negative pressure is meant the pressure below atmospheric

pressure. A suitable negative pressure is chosen by the care taker, such as a

doctor or a nurse. Depending on the type and state of the wound said

negative pressure is set at a suitable level, which normally is chosen

between about 50-1 50 mmHg below atmospheric pressure. The pressure in

the canister is measured with the pressure detector 11. The pressure in the

wound is the same as in the canister when no liquid is blocking the first

conduit. If there is a height difference between the wound and the canister

and a liquid column is blocking the first conduit the pressure in the wound

area differs from the negative pressure in the canister. The effect of a liquid

column present in the first conduit is that it will decrease the negative

pressure in the wound area. A water column that is one meter high

corresponds to a pressure difference of approximately 76 mmHg. This value

shall be subtracted from the value in the canister to get the negative pressure

in the wound. If it is a negative pressure of 100 mmHg in the canister and the

water column is one meter then there is a negative pressure in the wound

area of only 24 mmHg.

It is not possible to just compensate for the water column by setting a higher

value for the negative pressure in the canister. The reason for that is that it is

not possible to know how much exudate there is in the tube or the difference



in height between the wound and the canister, which height also can vary

when the patient moves for instance from a lying position to a sitting position.

To minimize this problem it is according to the present invention arranged a

circulating pump 12 for transporting gas from the canister to the wound

region via the third conduit 13 and back to the canister via the first conduit.

The gas transported with the circulating pump enters the connecting branch 4

to the wound cover. The check valve 14 hinders the gas from entering the

wound area and the gas is forced up through the first conduit 8 and pressing

out a possible liquid column from the first conduit to the canister.

An important advantage with the solution according to the invention is that a

very small amount of gas is needed for cleaning the first conduit from

exudate. One can therefore chose a very small pump as circulating pump. A

suitable pump is a small piezoelectric pump, which in use is very quiet and

which consume very little power. A further great benefit with the solution

according to the invention is that the negative pressure in the canister is

hardly affected by said small amount of gas needed for cleaning the first

conduit. To achieve and keep the desired negative pressure it is with the

solution according to the present invention possible to chose a small pump

as the first pump 9 . The pump 9 can be powered by batteries, such as

rechargeable batteries. In order to control the negative pressure in the

canister it is arranged a pressure sensor 11.

The invention will in the following be described in more detail with reference

to the embodiment shown in form of a block diagram in figure 2 .

Details in figure 2 which corresponds to similar details in figure 1 have been

designated with the same reference number.

The canister 6 is a disposable part of the apparatus according to the

invention. The embodiment of the apparatus shown in figure 2 includes a



control unit 15 which is intended to be reused. The disposable canister 6 is

detachably arranged on the control unit. Two washers 16 and 17 are

arranged to provide gastight sealing between the canister and the control

unit.

The wound cover 1 comprises a wound filler 2 for instance in form of an

open-cell polymer foam and a sealing film 3 arranged over the wound filler

and fastened to the skin of the patient. A soft tube 18 is arranged to connect

at one end to the first conduit 8 at a connector 19 . The third conduit 13 is

connected to the first conduit in the connector. A check valve 20 is arranged

to allow flow from the third conduit to the first conduit and hinder flow of gas

and liquid in the opposite direction. The interior of the tube 18 consists of a

strand made of an open-pored foam material. The tube casing may consist of

two plastic films made of a soft elastic plastic, which plastic films are

connected along the edges of the tube to form a casing which runs around

the strand. At one end of the tube, the plastics films have a widened portion

for the formation of the fixing member 18 ' . One of said plastic films is at the

widened portion provided with a central opening, which, when the tube is

used, is intended to be placed right in front of an applied hole in the sealing

film 3 . Said one of the plastics film is provided with a bonding agent for

connection to the outer side of the sealing film around the hole made therein.

The said bonding agent is expediently constituted by a silicone adhesive,

which gives good sealing and prevents leakage at the fixing member. One

advantage with silicone adhesive is that the fixing member can be easily

detached and refastened to the sealing film should the fixing member end up

wrong on the sealing film.

Alternatively, other pressure-sensitive adhesives, such as acrylate, may be

used.

A tube of the described kind is soft and pliable and can be of thin

configuration. The soft tube is comfortable for the patient and does not give



rise to chafes against the skin of the patient when load stresses arise.

The tube 18 can also be made as described in our application WO

2009/002260.

The first and third conduits are connected to the canister via a connector 2 1 .

The negative pressure in the canister 6 is established with the first pump 9 .

An odour filter 22 with activated carbon is arranged in the canister in front of

the second conduit 10 to prevent odour from reaching ambient air. In the

embodiment according to figure 2 a further filter 23 is arranged after the first

pump to further clean gas that is exhausted to ambient air. As described

above the circulating pump transport an amount of air from the canister 6

through the third conduit 13 for pushing out a possible liquid column in the

first conduit to the canister. As the control unit with the circulating pump will

be used repeatedly by different patients a bacteria filter 24 is arranged in the

third conduit for preventing that bacteria is transferred from one patient to

another.

In the canister 6 is in the disclosed embodiment arranged absorbent material

25 in form of super absorbent material, such as super absorbent powder or

fibers bonded to textile material or to thermoplastic fibers. Such an

arrangement is advantageous when the apparatus is intended to be portable

in order to prevent that liquid exudate in the canister is splashing when the

patient moves. A spacer 26 is arranged to prevent that formed

superabsorbent gel closes the filter 22.

An indicator, such as an optic indicator (not shown) may be arranged to

indicate when the canister is filled with exudate. The canister is an airtight

plastic container with a size of approximately 300 ml.



The control unit includes a rechargeable battery 27. The battery charger is

marked with 28. A printed circuit board (PCB) 29, includes electronics for

control of running of the pumps. An alarm buzzer 30 is connected to the PCB

as well as a human machine interface (HMI) 3 1 .

To alert the user of some undesirable situations there are arranged a few

alarms in the apparatus. These alarms notifies the user when the battery

level is low, if there is a leakage, if the canister is almost full or if there is a

blockage somewhere in the conduits. These alarms may be a sound signal

with the buzzer 30 and/or a visible sign on a display on the HMI.

The apparatus is preferably arranged so that the user is able to use the

control unit in everyday life. For this purpose there are a number of

requirements that regulate the time to charge the batteries, how often the

batteries need to be charged, durability, noise vibrations etc. The battery

should preferably last at least for twenty-four hours and the time for charging

the batteries should preferably not exceed three hours.

The control unit is programmed so that the circulating pump works

intermittently. Preferably the control unit is arranged such that said circulation

pump is time controlled in order to control the maximal height of a possible

liquid column that can be built up in the first conduit during a period when the

circulating pump is turned off. The height of such a liquid column that can be

built up during such a period depends of course of the amount of wound

exudate that is sucked from a wound for a given period and this amount

depends of course on several different factors, such as the size, the type and

state of the wound.

In the apparatus means can be arranged in the PCB to analyse the power

consumption of the circulating pump and provide an alarm signal when said

power consumption exceeds a value that indicates that the first conduit

and/or the canister is blocked.



The apparatus and method according to the invention is not limited to the

above described embodiments. A number of variants are possible within the

scope of the following claims.



CLAIMS

1 An apparatus for treating wound with negative pressure, said apparatus

including a wound cover ( 1 ) , a first pump (9) for providing said negative

pressure to the wound (5), a canister (6), a first conduit (8) between the

wound cover ( 1 ) and the canister, which first conduit (8) connects the

wound (5) with the canister, means for measuring the pressure within the

canister (6), and a second conduit (10) which connects the canister with

the first pump,

characterized in that

a circulating pump ( 12) is arranged to transport gas from the canister (6)

to the wound region via a third conduit ( 13) and back to the canister (6)

via the first conduit (8) in order to press out a possible liquid column from

the first conduit (8) to the canister (6).

2 . An apparatus according to claim 1, characterized in that the circulating

pump ( 12) is arranged to work intermittently.

3 . An apparatus in accordance with claim 2, characterized in that said

circulation pump ( 12) is time controlled in order to control the maximal

height of a possible liquid column that can be built up in the first conduit

(8) during a period when the circulating pump ( 12) is turned off.

4 . An apparatus according to any of the preceding claims, characterized

in that, said means for measuring the pressure within the canister is a

pressure sensor ( 1 1) .

5 . An apparatus according to any of the preceding claims, characterized

in that a check valve (14) is arranged to hinder gas pumped by the

circulating pump ( 12) from reaching the wound area.



6 . An apparatus in accordance with claim 5, characterized in that said

check valve (14) is arranged in a connecting branch on the wound

cover.

7 . An apparatus according to any of the preceding claims, characterized

in that said wound cover ( 1 ) includes a wound filler (2) and a sealing

film (3).

8 . An apparatus in accordance with claim 7, characterized in that the

apparatus includes a soft adapter which is arranged to connect the

wound (5) under the sealing film (3) with the first conduit (8), and in

that said soft adapter includes a soft, flexible tube ( 18), which is

arranged to be connected to said first conduit.

9 . An apparatus in accordance with claim 8, characterized in that said

soft, flexible tube (18) comprises an outer impermeable shell of a soft

thin plastic film and an open-cell foam enclosed in said shell.

10 .Apparatus according to any of the preceding claims, characterized in

that means are arranged to analyse the power consumption of the

circulating pump ( 12) and provide an alarm signal when said power

consumption indicates that the first conduit (8) and/or the canister (6)

is blocked.

11.Apparatus according to any of the preceding claims, characterized in

that a first filter (22) is arranged in the canister (6) at an outlet to the

second conduit (10) and that said filter includes activated carbon.

12 . Apparatus according to any of the preceding claims, characterized in

that a second filter (24) is arranged in the third conduit to prevent

entrance of contaminated gas from the canister (6) to the third conduit

( 13)..

13 . Apparatus according to any of the preceding claims, characterized in

that a third filter (23) is arranged between the first pump and ambient

air.

14. Method for controlling the negative pressure in a wound (5) with use of

an apparatus for treating wound with negative pressure, comprising

using a first pump (9) to create a negative pressure within a canister



(6), which is connected with the wound (5) via a first conduit (8), and

measuring the pressure in the canister (6), characterized in that gas is

transported with a circulating pump ( 12) from the canister (6) towards

the wound region via a third conduit and that said gas is further

directed to the first conduit (8) and back through the first conduit to the

canister (6) for pushing a possible liquid column of wound exudate

residing in the first conduit (8) to the canister (6).

15 .Method according to claim 14 , characterized in that gas is pushed

through the third conduit ( 13) with said circulating pump ( 12) at regular

time intervals and that the length of said time interval is chosen for

setting maximal allowed difference of the negative pressure within the

wound (5) relatively the set pressure in the canister (6).
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Claims 14-15 relate to a method for treatment of the human or
animal body by surgery or by therapy, as well as diagnostic
methods, see PCT rule 39.1(iv). Nevertheless, a search has
been made for these claims. The search has been directed to
the technical content of the claims .

2- Claims Nos.:
because they relate to parts of t e international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IH Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. [ I AS only some of the required additional search fees were timely paid by the applicant, this international search report covers

only those claims for which fees were paid, specifically claims Nos.:

4. [ I N O required additional search fees were timely paid by the applicant Consequently, this international search report is

restricted to the invention first mentioned in me claims; it is covered by claims Nos.:

Remark on Protest P l The additional search fees were accompanied by the applicant's protest and, where applicable,
the payment of a protest fee.

[ I The additional search fees were accompanied by the applicant's protest but the applicable
protest fee was not paid within the time limit specified in the invitation.

I N Oprotest accompanied the payment of additional search fees.
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WO 2008039223 Al (BOEHRINGER LABORATORIES INC.), 1-15
3 April 2008 (03.04.2008), abstract

O 2008135997 A2 (ADAHAN, CARMELI), 1-15
13 November 2008 (13.11.2008), figures 1-5,
abstract

P,A US 20090326488 Al (BUDIG ET AL), 31 December 2009 1-15
(31.12.2009), figures 5-11, abstract, paragraphs
(0011),(0016)-(0017),(0090)-(0097)
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