Office de la Proprieté Canadian CA 2641134 C 2015/06/30

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 641 1 34
Findustrie Canada Industry Canada a2 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2006/11/08 (51) CLInt./Int.Cl. A67M 1/00(2006.01),
. o . o . A6TM 27700 (2006.01), FO4B 43/067 (2006.01),
(87) Date publication PCT/PCT Publication Date: 200//08/09 FO4B 45/053 (2006.01)
(45) Date de délivrance/lssue Date: 2015/06/30 _
(72) Inventeur/Inventor:
(85) Entree phase nationale/National Entry: 2008/07/31 ADAHAN, CARMELI, IL
(86) N demande PCT/PCT Application No.: IL 2006/001287 (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2007/088530 ADAHAN, CARMELI, IL
(30) Priorités/Priorities: 2006/02/01 (US11/344,007): (74) Agent: NORTON ROSE FULBRIGHT CANADA
2006/07/24 (IL PCT/IL2006/000855) LLP/S.EN.CR.L., S.R.L.
(54) Titre : SYSTEME D'ASPIRATION, PROCEDE ET TROUSSE
(54) Title: SUCTIONING SYSTEM, METHOD AND KIT
50
10~\ 23
56 28
&7 1o )
1 A 753 2L 27
65 4\ ( TR e
e SSERENY RN """m"mw-w»-i,:-g;;-,}f;;::xm.5&1;"*'=\Sm\m?;\\x\\\\\\\\\\\v SRS SN \
= | : \
O N«
s \
; 1 \
s » e L \\\\\\'\\\\\\\\\\\\\\\\
| | \
s | B a
| \ .
C )
o X
- —— N =
L SRRtk kgl | \
L . - —— — T R N
e :z
A - N
A \
E N
\ N
\ N
IN

ors

(57) Abréegée/Abstract:
A suction head In fluid communication with a pump head provides a sub- ambient working pressure to a target area, enabling

dralinage thereof to a waste container. The pump head Iis coupled non-mechanically to a pump drive. A control system for a suction
system Is also provided.

R N
RO TR S o
N "'c‘-‘-.u:-:{\: . N7
S
N

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




wO 2007/088530 A1 I D0 DAY A A D

CA 02641134 2008-07-31

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

REVISED VERSION

(19) World Intellectual Property Organization f#
International Bureau :

(43) International Publication Date
9 August 2007 (09.08.2007)

(51) International Patent Classification:
A6IM 1/00 (2006.01) Fo04B 43/067 (2006.01)
A6IM 27/00 (2006.01) Fo04B 45/053 (2006.01)

(21) International Application Number:
PCT/IL2006/001287

(22) International Filing Date:
8 November 2006 (08.11.2006)

RO, SE, SI, SK, TR), OAPI (BEF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(25) Filing Language: English (84)

(26) Publication Language: English

(30) Priority Data:
11/344,007 1 February 2006 (01.02.2006) US
PCT/IL2006/000855 24 July 2006 (24.07.2006) 1L

(71) Applicant and

(72) Inventor: ADAHAN, Carmeli [IL/IL]; 11 Netivei Am, Published:

Ramot, 97552 Jerusalem (IL).

(74) Agent: REINHOLD COHN AND PARTNERS; P.O.
Box 4060, 61040 Tel Aviv (IL).

report:

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: SUCTIONING SYSTEM, METHOD AND KIT

with international search report

(15) Information about Correction:
see PCT Gazette No. 44/2007 of 1 November 2007

[Continued on next page]

&\\\W&\\\\\\\\

N T
1 23 0% o _
30 L
- 54 95 294 28
67 17 4 21 -
BN k\‘?" . 25
‘ - \Q*g\s i
&5 Pooiobhe J 7 S SRR e, )
o mARRAN NANNRNNNN! P T X 0™ T T I T LT, /] -'1':(2"; x:zyﬁtﬂ‘ﬁ k‘\\‘m“?‘m‘\\\\\\-\\\\\\?
& = n
4 I L 4
£0 :“ 17
: N Vs »
— O\ A S T S LA
\ = —— o e
g™ AN LA LA VRIS 4 {..
- o — - ’ e b — = i .
- ... == = oy A T oo Lt
e et ff .
& ‘_..-"_ ~raglifms ;\ .

- 4 =

vty

(10) International Publication Number

WO 2007/088530 Al

Al, AU, AZ,BA, BB, BG, BR, BW,BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,

(88) Date of publication of the revised international search
1 November 2007

\
\
N
N
20" 23 N
i E TP LT r}}}).’,; 7. \ 7 s
33 \ | 'S
9 )‘: § g1
N
————————— A’ % s 52
E ““““““““““ \ \
___________ N N
£ Tk A \ }
-l s v amar whise  arewe  Amad e e m § k
L L T LT — 2 N
Rpiek At ) a
o e — e a - -
——— ke Dt f S ¥ S
b : . : g
\\ —— ot b—y. ot ibpred : \ Y ‘
a9 oL ; s ' [ \‘tz. N
\\'\'-\\s‘\m\\\-‘m“_"-.r’fif’,;,rlr’,r’/.r.r.rr'.r',} w & \ ) . -
. S‘\\\\‘N\\\\\\AK\\\\\\\%\\\\\\\\\\\\\\‘t\\\\\\\\‘i{! <
o oy 45 ' \\. \\\,
o R 12
16 S, 300

.

(57) Abstract: A suction head in fluid communication with a pump head provides a sub- ambient working pressure to a target area,
enabling drainage thereof to a waste container. The pump head is coupled non-mechanically to a pump drive. A control system for

a suction system is also provided.
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SUCTIONING SYSTEM, METHOD AND KIT

FIELD OF THE INVENTION

This invention relates to suctioning systems and methods, and kits for use
therewith. In particular, the invention relates to such systems and methods that apply

negative pressure to physiological areas and the like.

BACKGROUND OF THE INVENTION

There are many medical situations in which applying suctioning to an area of the
body may be beneficial, for example: applying a negative pressure to a wound or burn
and /or draining the same, draining the trachea, draining fluids from organs and other
parts of the body being operated on or being treated, including treatments of a dental
nature. For example, negative pressure applied to a wound enhances drainage of fluids
or exudate from the wound and promotes tissue growth and wound healing. This
method of healing (known as "cupping'") was exercised since the times of ancient Greek

physicians until the 19th century.

There are also many non-medical situations in which applying suctioning to an

area may also be beneficial.

A number of systems and methods have been developed for providing medical

suctioning.

In WO96/05873 an apparatus is disclosed having a porous foamed pad
connected by a tube to a canister. A vacuum pump is located within a housing having a
recess for receiving the canister. A bacterial filter positioned over the outlet of the

canister, and a vacuum pump sucks wound drainage fluids into the canister.

In WO 97/18007 a portable wound treatment apparatus is disclosed, including a
housing containing a suction pump and a canister for containing fluids drawn from the
wound. The housing is supported on a harness or belt worn by the patient and is

connected to a porous dressing at the wound site by a catheter.
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In WO 03/016719, a vacuum pump is disclosed having a drive and a
disengageable pumping system connected thereto, and a two- or three-chambered

canister within which solids, liquids and gases may be separated from one another.

In US 6,648,862 the vacuum desiccator low pressure vacuum pump and trap and
1s transportable upon a user's person. The device includes a desiccator cartridge
containing a fluid trapping agent, and the desiccator cartridge is connected to a vacuum
pump member for providing a low vacuum pressure to the interior chamber of the
desiccator cartridge. A single passage, one-way, gas/liquid flow pathway connects the
inlet port of the desiccator cartridge to an occlusive dressing covering the wound to be
drained. A control circuit includes one or more ancillary circuits for controlling
operation of the device, such as: a power circuit, a moisture sensor, a timer circuit, a

vacuum pressure sensor, and a pressure differential sensor.

In US 5,645,081, a method and apparatus are disclosed, in which a negative
pressure 1s applied to a wound sufficient in time and magnitude intended to promote

tissue migration and facilitate closure of the wound.

In GB 2,307,180 (EP 0865304), a porous dressing is applied on a wound from
which fluid is drawn into a canister via a catheter using portable suction pump. The
pump is contained in housing and is worn on a harness or belt. Overfilling of canister is
prevented by a filter contained in the canister and a pressure sensor which detects
pressure reductions in tube between canister and pump which occur when drainage
liquid covers the filter. A filter is placed between pump and canister, and pressure at the

wound site is monitored by a conduit connected to the porous dressing.

In US 4,739,791 a fluid collection container is disclosed, having an inlet
connectable to a fluid source and an outlet connectable to a suction source. The
container contains a closure member that closes the outlet port when the container is
full. The closure member is integrated with a vent valve that is mounted to the container

near the outlet.

In WO 03/030966, a system is disclosed for treating a patient with a wound, and
comprises a bandage, a receptacle, and a vacuum source. The bandage comprises a
cover to seal about the wound and to define a space above the wound in which a

vacuum is to be formed. The bandage further comprises a port providing
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communication with the space. The receptacle is connected to the port to receive
exudate from the wound and is provided to be placed below the wound. The vacuum

source is spaced apart from the receptacle, is connected to the receptacle.

In WO 03/057070, a ventilated bandage system is disclosed for use with a
wound. The system includes a bandage positioned adjacent to the wound to create a
sealed environment around the wound. A vacuum source of the system is in
communication with the bandage to create negative pressure between the bandage and
the wound. The system may also include a first passageway or vent in communication
with the bandage and with the surrounding atmosphere, and a second passageway in

communication with the bandage and with the vacuum source.

In US 2005/192548, a wound drainage system is disclosed for draining fluid
from a wound of a patient. The system includes a drain catheter, and a suction means
applies suction at the drain catheter such that fluid is drawn from the wound. While
drawing fluid from the wound, a controller periodically increases and decreases in an

active manner the application of suction at the drain catheter.

In US 2006/0025727, a system is disclosed for treating a wound with suction.
The system comprises a wound cover, a pump having an input port and an output port,
the input port providing suction to the wound via the wound cover, and a reservoir
coupled to the output port of the pump. The reservoir is adapted to receive effluent from
the wound and the pump is said to be capable of maintaining a controlled level of

suction at the wound.

SUMMARY OF THE INVENTION

Herein, the term “target volume” relates to any body, system or environment to
which it is desired to apply a sub-ambient pressure to and/or to drain fluids therefrom.
By way of non-limiting example, such a target volume may be biological or non-
biological, and may comprise a body, system, environment, and so on, which may be
contaminated with chemical and/or biological and/or other contaminants, regarding

which it is beneficial to remove contaminated fluids therefrom.

Herein, the term “medical target volume” relates to any part (external or

internal) of the body of a human or animal, regarding which it is desired to apply a sub-
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ambient pressure to and/or to drain fluids therefrom. By way of non-limiting example,
such a target volume may comprise a wound/burn, the trachea, the stomach, intestines,
any body cavity (including for example the intra-oral cavity, sinuses, etc.), an organ or
other part of the body being operated on, including for example an incision therein, or
regarding which there is bleeding or regarding which it is beneficial to remove fluids

therefrom.

The term "fluid" as used herein includes liquids and/or gases, and may

optionally include solids mixed in with said liquids and/or gases.

Herein the terms “upstream” and “downstream” are in relation to the general
flow direction from the target area (or into the target area) towards the pump head, and
beyond. Similarly, the terms “distal” and “proximal” are in relation to the general flow

direction from the target area (or into the target area) to the pump head, and beyond.

According to one aspect of the invention, a vacuum system is provided for

suctioning fluids from a target volume, comprising:

a suction head adapted for being in fluid communication with said target

volume;

a waste container defining a collection volume for collection of materials that

may be drained from said target volume; and

a vacuum pump apparatus adapted for providing a predetermined working
pressure 1n said system below external ambient pressure of an external environment
with respect to said suction head, said vacuum pump apparatus comprising a powered
pump drive and a pump head, in operation said vacuum pump apparatus being
configured for enabling said pump drive to drive said pump head via a non-mechanical
coupling arrangement, the pump head being in fluid communication with said suction

head and with said waste container.

The suction head may be of any shape, size or form without limitation, typically
suitable to the particular target volume that is being suctioned. For example, for external
body applications in which the target volume is associated with wounds, burns and the
like, the suction head may comprises an enclosure sealable to a perimeter of the
wound/burn so as to define a confined volume comprising said target volume. In

internal body applications, for example tracheal drainage and the like, the suction head
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may comprise a drain catheter or other similar arrangement having at least one lumen in
fluid communication with said pump, and said inlet arrangement comprises at least one
aperture adapted for providing fluid communication between said target volume and

said at least one Jumen.

By non-mechanical coupling is meant that a driving force is transmitted between
the driving element of the pump drive and the driven element (pump) of the pump head

without direct mechanical contact between the driving and driven elements.

In disclosed embodiments, the non-mechanical coupling arrangement comprises
a pneumatic coupling arrangement. In other embodiments, the non-mechanical coupling
may include a flowable medium, which may be solid or liquid, in the latter case the
coupling being hydraulic. In yet other embodiments, the non-mechanical coupling may
be based on magnetic attraction or repulsion of spaced driving and driven elements of

the pump apparatus.

In disclosed embodiments, the vacuum pump apparatus comprises an actuation
chamber that at least during operation of said system, is substantially air-tight and
comprises a control volume of air that pneumatically couples the pump drive with the

pump head, enabling said pump drive to drive said pump head.

The pump head may be releasably coupled mechanically to said pump drive,
enabling the pump head to be selectively attached and detached from the pump drive.
The pump head may comprise a pumping chamber and a pump member defining part of
said pumping chamber, a pump inlet port and a pump outlet port, wherein said pump
member is reciprocable via pneumatic coupling with said pump drive, to induce said
working pressure in said vacuum system. The said pump member constitutes a fluid
barrier member substantially preventing fluid communication between any one of said
suction head and said waste container, and said pump drive, via said drive head. In fact,
according to another aspect of the invention, a vacuum system is provided as above,
wherein said pump head comprises a fluid barrier member substantially preventing fluid
communication between aﬁy one of said suction head and said waste container, and said

drive unit, via said drive head.

The pump member may be in fluid communication with said actuation chamber

only via a first surface thereof, and the first surface of said pump member is on an
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outside of said pumping chamber. The pump drive may comprise a reciprocation drive
for driving a reciprocating diaphragm member, said diaphragm member being in fluid
communication with said actuation chamber only via a first surface thereof during
operation of said system,. The reciprocating diaphragm member and said pump member
may be pneumatically coupled one with the other via said actuation chamber at least

when said system is in operation.

The actuation chamber may comprise a first part, comprised in said pump head,
and a second part, comprised in said pump drive, wherein said first part and said second
part are configured for being reversibly sealably engaged with one another to define said
control volume, at least when said system is in operation. The pump apparatus may
comprise a coupling interface for reversibly mechanically coupling said pump head with
respect to said drive unit, the pump head and the pump drive unit being separate
assemblies. The pump apparatus may be configured for defining said actuation chamber
responsive to said coupling interface being mechanically coupled to said pump head
with respect to said drive unit. Part of said pump head may be accommodated in said
waste container, wherein said pump member is facing a direction generally away from
said collection volume, and wherein said pump inlet port and a pump outlet port are at

least partially within said collection volume.

The pump inlet port may be in fluid communication with said suction head via a
conduit, said pump outlet port may be in fluid communication with said collection
volume and wherein said waste container is vented to said external ambient air.
Alternatively, the pump inlet port may be in fluid communication with said suction head
via said collection volume, and said pump outlet port may be vented to said external

ambient air.

The vacuum system further comprise a venting arrangement adapted for
providing, at least during operation of said system, substantially permanent fluid

communication between said suction head and at least one of

said external environment, such as to enable said working pressure to be
maintained at the suction head while enabling a desired flow rate of ambient air into the
suction head (for example at the wound enclosure or proximal to it, for embodiments

where the suction head comprises a wound enclosure) via said venting arrangement; and
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an 1rrigation source, such as to enable irrigation of said target volume with a

desired irrigation material.

The venting arrangement may comprise at least one bleeding orifice comprising

an effective flow area compatible with providing said desired flow rate.

The pump head, waste container and suction head may be configured for being

disposable.

Optionally, the target volume may be a medical target volume associated with a
wound, burn or the like, and said suction head comprises an enclosure sealable to a
perimeter of the wound burn or the like, respectively, so as to define a confined volume

comprising said target volume.

The vacuum system may further comprise a non fluid invasive control system
for monitoring and controlling said working pressure, said control system comprising at
least one working parameter sensor for monitoring a working parameter of said powered
pump drive and a comparator unit for comparing monitored data corresponding to said
working parameter with threshold data, wherein the or each said working parameter is

directly related to a magnitude of said working pressure provided by said vacuum pump.

The control system provides estimated pressure data based on monitored data
corresponding to said working parameter. The system may further comprise at least one
pressure sensor 1n fluid communication with said control volume and configured for
monitoring a pressure thereof. The control system may be further adapted for comparing
said estimated working pressure with said monitored pressure, and for optionally
correcting said monitored data according to a difference determined between said
estimated working pressure and said monitored pressure. Optionally, the control system
may comprise a suitable alarm configured for being activated when a magnitude of said
corrected monitored data exceeds or is below a magnitude of said threshold data.
Optionally, the control system may comprise a display for displaying said corrected

monitored data in any suitable manner.

Alternatively, the vacuum system may further comprise a non fluid invasive
monitoring system, with respect to fluids to be sucked via said system, for monitoring
said working pressure, said monitoring system comprising at least one pressure sensor

in fluid communication with said control volume and configured for monitoring a
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pressure thereof. Optionally, the monitoring system may comprise a suitable alarm
configured for being activated when a magnitude of said monitored data exceeds or is
below a magnitude of said threshold data. Optionally, the monitoring system may

comprise a display for displaying said monitored data in any suitable manner.

Thus, the vacuum system may comprise a controller including a control box
having sensors for sensing the working parameters of the pump drive unit, and means
for controlling the level of negative pressure at the target by controlling the drive
working parameters, enabling the predetermined negative pressure level to be
maintained, the sensors having no fluid communication with the target, and thus

preventing any contamination of the sensors by target fluids.

In some embodiments, vacuum level reduction in the pump head may be

achieved by slowing or stopping the pump drive.

According to another aspect of the invention, a vacuum system is provided
comprising a vacuum pump adapted for providing a predetermined working pressure in
said system below a reference pressure, said vacuum pump comprising a pump head
operatively coupled non-mechanically to a powered pump drive unit, and further
comprising a non fluid invasive control system for monitoring said working pressure,
said control system comprising at least one sensor for monitoring a working parameter
of said powered pump and a comparator unit for comparing monitored data
corresponding to said working parameter with threshold data, wherein the or each said
working parameter is directly related to a magnitude of said working pressure provided
by said vacuum pump. The control system may be configured for calculating an
estimated working pressure level based on monitored data corresponding to said
working parameter. The said pump head may be pneumatically coupled to said powered
pump drive unit via an actuation chamber comprising a control volume, further
comprising at least one pressure sensor in fluid communication with said control volume
and configured for monitoring a pressure thereof. The control system may be further
adapted for comparing said estimated working pressure with said monitored pressure,
and for optionally correcting said monitored data according to a difference determined
between said estimated working pressure and said monitored pressure. Optionally, the
control system may comprise a suitable alarm configured for being activated when a

magnitude of said corrected monitored data exceeds or is below a magnitude of said
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threshold data. Optionally, the control system may comprise a display for displaying
said corrected monitored data in any suitable manner. Optionally, the drive unit may
comprise an electric motor, and at least one said parameter comprises any one of: motor

current, motor voltage, motor power, motor rotational speed, motor torque.

According to another aspect of the invention, a vacuum system is provided,
comprising a vacuum pump adapted for providing a predetermined working pressure in
said system below a reference pressure, said vacuum pump comprising a pump head
pneumatically coupled to a powered pump drive unit via an actuation chamber
comprising a control volume, and further comprising at least one pressure sensor in fluid

communication with said control volume and configured for monitoring a pressure

thereof.

According to another aspect of the invention, a vacuum system is provided
comprising a pump apparatus, a waste container, a bleed orifice, a control block and a
pressure/ vacuum monitoring means, wherein said control block is capable of
controlling the working parameters of the pump apparatus, to generate user selectable
pressure / vacuum level in such system. The pressure / vacuum monitoring means may
provide feedback data to the control block for the purpose of determining whether the
working parameters have in fact attained the desired / selectable pressure / vacuum in

the system. The control block may alert the user of any such deviation.

According to another aspect of the invention, a kit is provided for use with a

vacuum system for suctioning fluids from a target volume, comprising:

a vacuum pump head adapted for releasable operative coupling to a powered
pump drive unit, said pump head comprising a pump inlet and a pump outlet for

enabling working fluid to be pumped through the pump during operation thereof:

wherein said pump head is configured for being driven by said pump drive via a
non-mechanical coupling arrangement. The non-mechanical coupling arrangement may
comprise a pneumatic coupling arrangement. The pneumatic coupling arrangement may
comprise an actuation chamber that is formed when said pump head is coupled with said
poWered pump such that at least during operation of said system, said actuation chamber
1s substantially air-tight and comprises a control volume of air that pneumatically

couples the pump drive with the pump head, enabling said pump drive to drive said
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pump head. The actuation chamber may comprise a first part, comprised in said pump
head, and a second part, comprised in said pump drive, wherein said first part and said
second part are configured for being reversibly sealably engaged with one another to

define said control volume, at least when said system is in operation.

Optionally, the kit may further comprise a waste container defining a collection
volume for collection of drained materials in fluid communication with said vacuum
pump head. The vacuum pump head may be attached to or integral with said waste
container such that at least one of said pump inlet and said pump outlet is

accommodated in said collection volume.

Optionally, the kit may further comprise a suction head having an inlet
arrangement adapted for being in fluid communication with said target volume. The
suction head may comprise an enclosure sealable to a perimeter of a wound so as to
define a confined volume comprising said target volume, said enclosure being in fluid

communication with at least one of said waste container and said pump inlet.

According to another aspect of the invention, a method is provided for indirectly
controlling a working pressure generated by a vacuum pump apparatus in a vacuum
system, said working pressure being below a reference pressure, said vacuum pump
apparatus comprising a pump head operatively coupled non-mechanically to a powered
pump drive unit, the method comprising at least monitoring a working parameter of said
powered pump and comparing monitored data corresponding to said working parameter
with threshold data, wherein the or each said working parameter is directly related to a
magnitude of said working pressure provided by said vacuum pump. The method may
further comprise calculating an estimated working pressure level based on monitored
data corresponding to said working parameter. The pump head may be pneumatically
coupled to said powered pump drive unit via a control volume, and may further
comprise monitoring directly a pressure of said control volume. The method may further
comprise comparing said estimated working pressure with said monitored pressure, and
optionally correcting said monitored data according to a difference determined between
said estimated working pressure and said monitored pressure. Optionally, the method
may comprise the step of activating an alarm when a magnitude of said corrected
monitored data exceeds or is below a magnitude of said threshold data. Optionally, the

method may comprise the step of displaying said corrected monitored data in any
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suitable manner. The at least one said parameter may optionally comprises any one of:

motor current, motor voltage, motor power, motor torque.

According to another aspect of the invention, a method is provided for indirectly
monitoring a working pressure generated by a vacuum pump apparatus, said vacuum
pump apparatus comprising a pump head pneumatically coupled to a powered pump
drive unit via an actuation chamber comprising a control volume, and further

comprising monitoring directly a pressure of said control volume.

According to some embodiments of the invention, a venting arrangement
includes a bleed hole, or other orifice, which creates a predetermined pressure drop
across 1t as external ambient air flows through the bleed holes and towards the pump.
The flow level will generate the desired vacuum level across the bleed hole, which when
connected to the target volume will provide such vacuum control at the target volume.
When air flows through such a bleed hole, which restricts the flow, a pressure
differential needs to be generated across such hole to force the flow therethrough. To
mcrease the flow requires an increase in the pressure differential, and by changing or
controlling the flow through the bleed holes (by controlling the flow through the pump),
the pressure differential can be controlled to any desired level. Since one side of the
bleed hole, 1s at ambient pressure, the generated pressure differential across such bleed
hole provides the sub-ambient pressure on the other side of such bleed hole,

corresponding to a particular setting of the pump.

In some embodiments, the bleeding orifices may be used for venting the target
volume via the suction head, while in other embodiments the bleeding holes may be
used solely for preventing blockages and/or removing any blockages (including fluids,
coagulates, exudates, etc.) in the conduits between the suction head and the pump. In yet
other embodiments, the bleeding holes are used for ventilation of the target volume and

for removing blockages from the conduit as well.

In some embodiments, the bleeding orifices may be used for introduction of
irrigation fluids to the target or for reducing vacuum level at the target by introduction

of ambient air, at the time the pump drive and pump head are slowed down.
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According to other aspects of the invention, the pump head and pump drive unit
are adapted for enabling quick, easy and simple manual connection and disconnection of

the two components, without the need for tools.

In some embodiments, the pump drive unit may comprise first attachment means,
and said pump head and/or container may comprise second attachment means, the two
attachment means allowing said attaching of the pump head to the pump drive unit by a
simple manipulation without tools such that the actuation chamber is automatically formed
and the control volume defined . Further, the pump head and pump drive unit may be
constructed so that said first and second attachment means provide detachment of said

drive unit from said pump unit by a manipulation including at the most manual unfastening

~without tools and one detaching motion, and the same detaching motion also

pneumatically disengages the reciprocal pump member from driving element of the drive

member.

At least some, and preferably all of the pump head, waste container, suction head
and pressure regulation system are configured for being disposable. Optionally, the
pump head and waste container are reversibly lockably engaged with said pump drive

unit by means of a latch arrangement.

A feature of at least some embodiments of the invention is that the pump drive
unit indirectly drives the vacuum pump in a reciprocating manner that may induce flow
or pressure pulsations to the wound area, which in turn may enhance wound drainage or
healing. This pulsation effect may be enhanced in embodiments where the pump inlet is

connected directly to the wound enclosure, rather than via a waste canister.

Another feature of at least some embodiments of the invention is that the integral
unit, comprising the pump head and waste container, optionally together with the wound
enclosure and conduit may be easily disconnected from the pump drive unit and
disposed of after use, providing an alternative economical and medical solution to that

of decontaminating pump parts of the prior art.

Yet another feature of at least some embodiments of the invention is that it can
provide a generally reduced operating noise level as compared with the operation of
prior art devices. For example, in the embodiments described herein, the pump head is

accommodated within the waste container, which dampens any noise generated by the
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pump drive unit. Moreover, in embodiments where the waste container is in fluid
communication with the wound enclosure via the pump head, only a small volume of air
needs to be removed from the wound enclosure to achieve the required vacuum
conditions. In such embodiments, the pump may operate at relatively low speed,
required for relatively low flow rates, which has a corresponding low noise benefit.
Noise reduction also results from having a non-mechanical coupling between the pump

drive and the pump head, as mechanical couplings tend to generate noise.

By "non-fluid invasive monitoring" is meant that the said monitoring is done in
such a way as to prevent any fluid communication between the fluid that is being caused
to flow 1n the suction system, the pressure of which it is desired to determine, and the
monitoring means, and thus excludes any sensors that are exposed to, and/or directly

measure, the fluid pressure.

When a leak in the system reduces the load on the pump apparatus, as it is then
operating at a lower vacuum level, such reduced load of the operating pump can be
directly related to a leak, without having to make any direct measurement of the vacuum
level at any point. Motor current could be one parameter which is monitored and is
directly related to pump load / vacuum level. Accordingly, a control system monitors
the motor current when the pump is operating properly and generating the proper
vacuum level, such that any deviation from the recorded reference would be indicative

of either excess load on the pump — occlusion or for reduced pump load — leakage.

If the vacuum pump comprises a disposable pump unit and the drive unit is
detachably attachable to the pump unit, the monitoring/control system with monitoring

means 1S preferably associated with the drive unit which is non-disposable.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, a number of embodiments will now be described, by way of non-limiting

example only, with reference to the accompanying drawings, in which:

Fig. 1 1s a schematic illustration in cross-sectional side view of a first

embodiment of the invention.
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Fig. 2 is a schematic illustration in cross-sectional side view of a second

embodiment of the invention.

Fig. 3 1s a schematic illustration in fragmented cross-sectional side view of an

alternative suction head to that illustrated in Figs 1 and 2.

DETAILED DESCRIPTION OF EMBODIMENTS

A vacuum system for providing, i.e. applying, a sub-ambient pressure to a target
volume, such as for example a medical target volume, and thus for enabling fluids to be
drained therefrom according to a first embodiment of the present invention, illustrated in
Fig. 1 and generally designated with the numeral 10, comprises a suction head, a

vacuum pump apparatus 50, and waste canister or container 31.

The suction head has an inlet arrangement adapted for being in fluid
communication with the target volume, and may be in the form of wound enclosure 12,
which is associated with the target volume comprising a wound, for example. The
enclosure 12 has an outer perimeter 51 that is sealable to the periphery of the wound
area on the body 34. The enclosure 12 defines a confined volume V including the target
volume over the exposed parts of the wound from which it is desired to remove fluids
by suction, for example liquids and other flowable materials, which may include
biological or non-biological materials, though at times it may be desired merely to
maintain a negative pressure in the confined volume V over the wound to promote

healing thereof.

The pump apparatus 50 is a powered pump, and in the illustrated embodiment
comprises a reciprocating pump, which may be a diaphragm-type pump. The pump
apparatus 50 comprises a pump head 14 that is releasably coupled to a pump drive unit
40 for operation therewith. The drive unit 40 comprises a housing 52 accommodating a
powered drive, such as an electric motor 39, and a battery pack 41 for powering the
motor. Additionally or alternatively, the motor 39 may be provided with power from an

external source, such as for example an electric mains (not shown).

The system 10 may further comprise a system 300 for controlling at least one
operative parameter of the motor 39, or any other drive means, to be described in greater

detail hereinafter.
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A reciprocating mechanism 21, comprising a crank 27 and a reciprocating head
26 coupled to a rod, is provided within the housing 52 for converting the rotary drive of
the motor 39 to reciprocating motion for reciprocating head 26. The reciprocating head
26 comprises a flexible membrane or diaphragm 55 having a periphery 28 thereof
suitably sealingly anchored to a frame 53 in said housing 52, such that an outer-facing
surface 58 of the diaphragm 55 is exposed with respect to the housing 52. The
diaphragm SS is driven in a two-way forced reciprocation manner by means of the rod

when the system 10 is in operation.

The pump head 14 comprises a pump inlet port 19 and a pump outlet port 20
comprised on a substantially rigid part 56 of the pump head 14, and a barrier member 24
that is connected at its periphery to the periphery of the rigid part 56 to define a pump
working chamber 29 having a variable pump volume P. Suitable one-way valves are
provided at the pump inlet port 19 and a pump outlet port 20 to ensure fluid flow in one
direction through the pump head 14 from inlet port 19 to outlet port 20.

The barrier member 24 is substantially impervious to the fluids being transported
through the pump head 14, and acts as a pump member, being reversibly deformable
and/or movable between a first position in close proximity to the rigid part 56 defining a
minimum pump volume Ppiy, and a second position (when maximally spaced from the

rigid part 56 during operation of the system) defining a maximum pump volume Pax.

As will become clearer herein, barrier member 24 is configured for responding
to cilanges in pressure between an inner-facing surface 33 and outer-facing surface 32
thereof such as to equalize the pressures acting on the surfaces 32 and 33 of the barrier
member 24. For example, the barrier member 24 may be in the form of a highly flexible
membrane or diaphragm, or a rolling diaphragm, which merely floats back and forth
with the movement of media present on both sides, offering no substantial resistance to
deformation and/or movement under the action of a pressure differential across its
surfaces 32 and 33 in a manner such as to correspondingly change the pump volume P.
Thus, under the action of a positive pressure differential between surfaces 32 and 33, the
thin membrane is deformed/moved towards the rigid part S6 to assume a generally
concave configuration, while under the action of a negative pressure differential, the

thin membrane is sucked outwardly to assume a substantially convex confi guration.
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Alternatively, for example, the barrier member 24 when in the form of a rolling
diaphragm, which may have a relatively rigid or non rigid central section, and a hi ghly
flexible peripheral section that is attached thereto and anchored to the periphery of the
rigid part 56. Under the action of a pressure differential acting across the opposite facing
surfaces 32 and 33 of the barrier member 24, the peripheral section rolls or unrolls,
thereby translating the central section in the direction of the pressure differential,
towards or away from the rigid part 56, respectively, depending on whether the pressure

differential is positive or negative.

Thus, according to the invention, the barrier member 24 is configured for
dynamically equalizing the pressures acting on either sides thereof, by translating,
moving or otherwise deforming with respect to the rigid part 56, thereby

correspondingly changing the magnitude of the pump volume P.

The waste container 31 comprises a suitable housing 60 defining a collection
volume C adapted for collecting waste materials, particularly liquids and other flowable
materials, from the wound or other target volume to which the system is coupled. Thus,
the housing 60 is substantially at least one of impermeable, contamination and leak-free
regarding these materials with respect to the external environment E, and may be

formed as an integral item, or from several parts suitably joined together, for example.

The container 31 may be rigid or semi rigid, though in other variations of the
embodiment, the container may be flexible and/or collapsible, and is in any case
suitably adapted for mechanical coupling with respect to the drive unit 40. In
embodiments where the container is flexible and/or collapsible, the waste container may
be made from thin plastic sheet or any other suitable flexible or non-rigid material, for
example, which allow it to be folded or collapsed when not full, providing the
convenience of having minimal bulk and minimal inconvenience to the patient using or

carrying it.

In this embodiment, the pump head 14 is joined to said waste container 31, such
as to form an integral pump-head/container unit 18. However, the pump head 14 or parts
thereof may be formed integrally with the waste container 31, or alternatively each
component may be formed separately and joined together in any suitable manner, for

example bonding, welding, fastening, and so on, to form the integral unit 18. At least a
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part of the pump head 14 may be accommodated in the collection volume C, in
particular, the pump inlet port 19 and pump outlet port 20 are at least partially
accommodated within said collection volume C, while the barrier member 24 is facing
in a direction generally away from collection volume C. In other embo diments, the
waste container may be separate from the pump head, and in suitable fluid

communication therewith via conduits or the like.

In the first embodiment illustrated in Fig. 1, the enclosure 12 is in direct fluid
communication with the pump inlet port 19 via conduit 16 that extends from the
enclosure 12 and is connected to a nipple 65 on the container housing 60, and thence via
a second conduit 67 that projects into the volume C from the nipple 65 and is sealingly

fixed to the inlet port 19.

The outlet port 20 discharges or drains in direction shown by arrow D, via
optional sleeve 69, fluids that are sucked into the pump head 14 from the enclosure 12

into the collection volume C of the container 31.

In this embodiment, the container 31 also comprises a vent 17 for venting the
collection volume C to the external environment E. A suitable biological filter,
hydrophobic filter or other filter (not shown) may optionally be provided at vent 17 to

prevent contamination of the external environment E from the contents of the container
31.

Optionally, the waste container may contain a porous media, absorbent material,

or the like, adapted to soak up said drained liquids.

The container 31, or indeed pump-head/container unit 18, comprises a coupling
interface 62 that faces, and has a form that is generally complementary to, a drive unit
interface 64 on the housing 52, for facilitating coupling or otherwise attaching the
pump-head/container unit 18 (or container 31) with respect to the drive unit 40. The
system further comprises a suitable coupling and locking mechanism, including suitable
attachment arrangements on each of the pump-head/container unit 18 (or container 31)
and the housing 52 (or drive unit 40), for allowing attachment or detachment one from
the other, and the attachment arrangements allow attaching of the container and/or pump
head to the drive unit by a simple manipulation without tools. Such attachment means

may comprise, for example latch 23 engageable with tooth 30, and tab 44 engageable
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with slot 45, which enable coupling and decoupling of the pump-head/container unit 18

(or container 31) with respect to the drive unit 40.

The vacuum pump apparatus 50 comprises an actuation chamber 54, which, in
operation of the system 10 is substantially air-tight and comprises a control volume of
air that pneumatically couples the diaphragm 55 with the barrier member 24. The
diaphragm 55 and the barrier member 24 are mechanically uncoupled and are spaced
one from the other, in particular during operation of the system 10. The chamber 54
comprises a first part 96 that is associated with the pump head 14, and a second part 97
that is associated with the drive unit 40. The first part 96 comprises said barrier member
24 and further comprises a peripheral flange 95 that circumscribes the periphery of
surface 32 and projects outwardly with respect to the pump head 14, i.e., in a direction
towards the drive unit 40 when the pump head 14 is coupled therewith. Similarly, the
éecond part 97 comprises said diaphragm S5 and further comprises a peripheral flange
94 that circumscribes the periphery of surface 58 and projects outwardly with respect to
the drive unit 40, i.e., in a direction towards the pump head 14 when it is coupled with
the drive unit 40. Furthermore, the first part 96 is configured to be sealingly coupled
with respect to the second part 97 when the pump head 14 is coupled with the drive unit
40. In the 1llustrated embodiment, the flanges 94 and 95 are substantially aligned, and
comprise an O-ring or other suitable sealing arrangement to enable the two flanges to be
sealingly connected, when the pump head 14 is coupled with the drive unit 40. While in
the illustrated embodiment the barrier member 24 and the diaphragm 55 are generally
coaxially aligned, this need not be the case for other embodiments, and in fact these two
components may be located wherever suitable and in whatever mutual orientation
and/or spacing as may be desired, with respect to the chamber 54, so long as barrier
member 24 and the diaphragm 55 are mechanically comprised in the first part 96 and
second part 97, respectively.

Optionally, said flanges 94 and 95 may constitute the said coupling inte.rface
between the pump head 14 and the drive unit 40, and thus may be configured to be
reversibly locked one with respect to the other and to provide sufficient mechanical

integrity to the system 10 and to the chamber 54 at least during operation of the system
10.
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Thus, the pump head 14 is located with respect to the container 31 at a position
such that when the container 31 is mechanically coupled to the drive unit 40, the
chamber 54 is formed by means of the resulting engagement of the first part 96 with the
second part 97, and the barrier member 24 is pneumatically coupled with the membrane

S5, at least during operation of the drive unit 40.

The chamber 54, may be in fluid communication with at least one pressure
sensor or transducer 99 or any other suitable air pressure measuring device, for
monitoring the pressure therein. The transducer 99 may be comprised in said drive unit
40 or remote therefrom, and is in any case operatively connected to the system 300. The
transducer 99 provides feedback electrical, electronic or digitals thereto representative

of the absolute or gauge pressure in the chamber 54.

In operation, as the diaphragm 55 is reciprocated in alternate opposed directions
towards and away from the inside of chamber 54, cyclic pressure is applied to the
control volume of air in chamber 54, which in turn pneumatically causes a
corresponding displacement and/or deformation of the barrier member 24, which in turn
causes the pump chamber 29 to contract and expand, thereby enabling fluids to be

pumped from the enclosure 12 to the container 31. The pressure within the chamber 54

‘thus fluctuates in a cyclic mode, and the peak suction pressure in the chamber 54, which

generally coincides with the maximum travel of the diaphragm 55 in the direction away
from the chamber 54, corresponds to and is nominally equal to the maximum suction
level at the pump chamber 29, since the barrier member 24 deforms/translates to
equalise pressure across it. Similarly, the suction pressure at the pump chamber 29
should be substantially equal to that at the wound enclosure 12, provided that the
conduit 16 is not filled with suctioned matter such as to block the conduit. Thus, the
peak suction pressure at the chamber 54 should closely correspond to the peak suction
pressure provided at the wound enclosure 12, and thus monitoring of the chamber
pressure via transducer 99 generally provides a measure of the pressure at the enclosure

12; at the same time, the transducer 99 is effectively isolated from the pump chamber 29

via the barrier member 24.

The pump's ability to pump air and liquids, unlike conventional pumps which are

typically efficient at pumping only one or the other, is enhanced by the flexibility of the
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barrier member 24, which allows it to yield when encountering heavy loads, such as

may be present when pumping liquids.

In the illustrated embodiment, the wound enclosure 12 comprises a vent
arrangement 35, that is configured for allowing a certain degree of venting of the
enclosure by ambient air, when the pump 14 is in operation, such as to enable a
predetermined vacuum level to be maintained at the wound enclosure 12, concurrent
with providing a predetermined throughflow of ambient air into the wound enclosure 12
via the venting arrangement. The venting arrangement may comprise at least one
bleeding orifice provided adjacent to the enclosure 12 as a tube orifice, or at the
enclosure 12 (not shown), allowing ambient air to flow into and through suction tube
16, rendering enclosure 12 non-air tight, or vented.

The vent feature of this embodiment, unlike conventional sealed closures that
are not vented, provides for quick movement of exudate entering suction tube 16,
toward the vacuum pump 14, and into the waste container 31, before it dries up or
coagulates and occludes the tube. This feature also provides for introduction of air at
ambient pressure to the wound area of the body 34, and thus equalisation of the air
pressure at the wound area with ambient pressure, whenever the vacuum pump stops
pumping, allowing cyclic negative pressure application to the wound, by cycling the
vacuum pump on and off alternately.

The continuous flow of ambient air through the vent arrangement 35 also
assures that conduit 16 is free of liquids, to avoid creating any substantial pressure
differential between vent arrangement 35 and inlet 19.

Additionally or alternatively, a conduit (not shown) may be connected to a
second opening in the enclosure 12 (in addition to the first opening to which conduit 16
s coupled) and used to vent the wound enclosure to a remote location. Optionally, the
free end of such a conduit may be connected to a suitable irrigation source for
introducing irrigation fluids for irrigating and/or sterilizing the body area 34.

Alternatively of or additionally to the bleeding orifice 35 in the enclosure 12, a
calibrated orifice or other flow restrictors may be used to provide for controlled flow of
ambient air into the enclosure or into the outlet. For instance, the wound enclosure may

comprise a hole plugged with open cell foam or an open pore sintered metal plug, which
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restrict the flow, but are not susceptible to plugging, as small dust particles will

generally not plug a porous material, unlike a small orifice.

The pump unit 14 and the drive unit 40 may be calibrated such as to create a
performance table or the like, which provides a relationship between operational
parameters of the drive unit 40 with respect to negative pressure generated by the pump
unit 14. This may be further refined, taking into account a range of effective orifice size,
or other parameter that is related to the amount of ventilation provided by the venting
arrangement 33. Thus, once calibrated, whenever a particular negative pressure is
required at the wound enclosure 12, for a given venting arrangement ventilation, it may
be assumed that this will be provided via a particular setting of the pump unit 14, and
thus a corresponding setting of the drive unit 40, obtained from the aforesaid tabulated

performance values.

Thus, once set, the system 10 effectively provides a desired or threshold vacuum
level at the wound enclosure 12, which is remote from the pump head 14, and these
conditions may be substantially maintained via an open-loop type control using the
system 300. According to the invention, control of the vacuum level at the wound
enclosure 12 may be further enhanced by using measured pressure levels in the
actuation chamber 54 and adjusting the vacuum generated by the pump head 14 to
compensate for changes thereof via a closed loop type control by means of system 300,

as will become clearer herein.

According to an aspect of the invention, a system 300 and corresponding method
are provided for monitoring and/or controlling variations in the sub-ambient pressure
level generated by the pump apparatus, i.e., without the need for directly measuring air
pressure at any point between the wound enclosure and the pump chamber 29,
minimizing risk of contamination to or from the fluid being pumped therethrough. The
system 300 allows for monitoring of the vacuum system of the invention for leaks
and/or blockages therein in a non-invasive manner in terms of the pump unit 14 or any
of the fluid paths upstream or downstream thereof, and further provides the option of
controlling the operation of the drive unit 40 of the vacuum system to compensate for
the leakage and/or blockage.

Thus, the drive unit 40 according to the illustrated embodiment comprises said

system 300, which includes a control block with control circuits such as duty cycle
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controller, which turns the motor 39 on and off alternately, a motor voltage and current
monitoring and controller, which controls the negative pressure level produced by the
pump unit 14, by controlling the voltage and current which drive motor 39. At any
given voltage which drives motor 39, the current draw of the motor is directly related to
the negative pressure generated by the pump 14. Accordingly, monitoring of the current
which the motor 39 draws provides indirect monitoring of the negative pressure
generated by pump 14.

For example, if the motor 39 is a direct current electric motor, a sensor, such as
for example an amp-meter, may measure or otherwise sense the electric current driving
the motor. Since the direct current motor output torque 1s directly related to the current
driving the motor, and since the motor output torque 1s directly related to the negative
pressure the pump 14 produées, monitoring the motor current and controlling this
current to the motor, provide for monitoring and controlling, respectively, the negative
pressure produced by the vacuum pump.

Motor current monitoring is only one method for indirect ne gative pressure
monitoring and controlling. Alternatively or additionally, the motor parameter being
monitored may be the torque and/or speed of the motor, which in turn are also related to
the negative pressure generated by the pump. Thus, a constant torque level or rpm may
be provided by adjusting the level of the torque clutch accordingly, and/or, a torque
sensor may be provided, operatively connected to an alarm, to alert the user when the
torque level or rpm (and thus the negative pressure at the wound enclosure 12) drops
below a predetermined value.

A similar function of negative pressure control may be accomplished by an
adjustable torque limiting clutch placed between the motor output shaft and the crank
277. When the desired pre-set vacuum level is reached, the clutch will start slipping and
prevent any excess motor torque from generating excess negative pressure at the target
volume.

The indirect pressure measurements determined in this manner may be further
refined, or indeed replaced with, direct pressure measurements at the chamber 54,
obtained using transducer 99. The pressure measurements obtained via the transducer
99 are fed to the control system 300, which determines whether the working parameters
driving pump head 14 are in fact producing the vacuum or pressure level anticipated by

the pre-set behavior tables of the system allowing system 300 to compensate for any
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such deviation as well as inform / alarm the user of the existence of such deviation. For
instance, if a leak develops between enclosure 12 and body 34, it would effectively
Increase the area available for venting, and change the working parameters of the
system.

The control block of system 300 may comprise a negative pressure comparator,
which compares the desired or threshold set negative pressure level to be obtained by
pump 14, and the actual monitored negative pressure level as obtained indirectly from
the motor voltage and current monitoring and control unit, and/or the actual monitored
negative pressure level as obtained directly from the transducer 99. The comparator can
activate an audible alarm whenever pump head 14 fails to reach the desired pre-set
negative pressure level. Optionally, the control block may comprise a display for
displaying, for example digitally, or graphically as a function of time, the vacuum level
at the target volume, as derived from the drive unit parameter that is being monitored.
Further optionally, where it is desired to adjust the working parameters of the drive unit
40 to control the pressure output of the pump head 14, the variation between the
indirectly and directly monitored pressure (where this may occur) may be used to
further adjust the working parameters of the drive unit 40 such as to enable the pump
head 14 to provide a working pressure that will more closely match the desired
threshold value.

The components of the control block may comprise discrete electronic
components operatively interconnected to operate as described herein; alternatively,
control block may comprise a suitable microprocessor unit, programmed with suitable
software, and operatively coupled to the to the drive unit.

Thus, while the system 300 internally generates pressure-related data indirectly,
the transducer 99 supplements thus data by providing directly obtained pressure data,
none of the data having been obtained via invasive measurements of the flow path

between the target volume and the pump head.

The threshold level of pressure at the target volume may be a value set by the
user or by the manufacturer of the system 10. For example, the system 10 may comprise
various discrete (or continuously variable) power settings for the motor 39, each of

which corresponds to a particular negative pressure level at the target volume.
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Monitored data from the transducer 99 may be compared with the threshold level for the

purpose of detecting deviations in the performance of the system 10.

The integral unit 18 comprising container 31 and valve head 14 may be provided
as a kit 90, which may also comprise conduit 16, enclosure 12, optionally already
connected to the unit 18. Alternatively the conduit 16 and enclosure 12, may be
provided separately. The kit 90 typically also comprises a sterile bag or other packaging
(not shown) that is removed before use, and after a single or one-time use it is disposed
of, typically in a contamination-free manner. Thus, the unit 18 may be made from
relatively inexpensive materials, compared with, for example, the manufacturing costs
of the drive unit 40, and in any case may also be made from medically compatible

materials, including suitable plastics and so on.

Thus, according to one aspect of the invention, the system comprises a
disposable part, including integral unit 18 conduit 16 and enclosure 12, and a reusable

part, including the pump drive unit 40.

The system 10 according to the first embodiment may be operated as follows.
Unit 18, interconnected with the conduit 16 and enclosure 12, 1s mounted to drive unit
40, such that the first part 96 is sealingly engaged with the second part 97 to form sealed
chamber 54, and locked together via latch 23. The enclosure 12 is placed over the
wound site so as to cover the same, and the periphery 51 sealingly abutting the Body 34,
for example with the aid of bandages, dressings, adhesive tape, and so on. The drive unit
40 1s switched on, and as the motor 39 is activated, the crank turns, reciprocating the rod
and reciprocating head 26, causing the barrier member 24 to reciprocate by virtue of its
pneumatic coupling with diaphragm 55 via the control volume of air in the chamber 54,
and thus alternately increase and decreased the pump volume P. Thus, as the pump head
14 begins to operate, air and fluids exuded from the wound are sucked out of the
contained volume V, providing a negative pressure thereat and creating a partial
vacuum. Fluids and other exudate materials in the wound are drawn and carried through
the conduit 12 and conduit 67 directly to the inlet port 19, through the pump working
chamber 29 (which is at a below-ambient, or negative, pressure when operating), and

out of the outlet port 20 to the container volume C via discharge sleeve 69. As barrier
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member 24 reciprocates, it may induce partial cyclic flow within the conduit 16 as the
air pulsates, particularly where the connection between the pump head 14 and the
enclosure 12 is short, and this may cause the pressure in the enclosure 12, and thus the
pressure to the wound area on the body 34 to pulsate accordingly, i.e., to fluctuate to
some degree, enhancing drainage of exudates from the wound and/or enhancing the
healing process by massaging this area. As exudates fills the collection volume C, air is
displaced out of this volume via vent 17. If conduit 16 becomes blocked, there is more
resistance to the barrier member 24 being pulled towards the chamber 54 during a
suction stroke of the diaphragm 55, which in turn lowers the suction pressure monitored
by the transducer 99. The control system 300 may be programmed to counter this by
increasing the action of the pump head 14 to increase the suction provided by the pump
apparatus S0 until the blockage is dislodged and displaced to the waste container. This

monitoring also allows leaks to be identified in the system, as there is a loss of vacuum.

It the container volume C of container 31 reaches full capacity, for example the
collected materials or exudates 49 reaching the level of the outlet port 20 or any other
suitable level, the unit 18, conduit 16, and enclosure 12 may be disconnected from the
drive unit 40 and disposed of, in a similar manner to an end of treatment scenario, as
described below, and a new unit 18, conduit 16, and enclosure 12 used with the drive
unit 40 to continue treatment, the pump unit having been switched off while the
switching of disposable components is taking place. Alternatively, it is possible to
remove and dispose of the unit 18, optionally including conduit 16, and to replace Just
these items to continue treatment. In such a case, patient discomfort is reduced, as the
wound site is not disturbed. In other situations it may be necessary to change or replace
the wound enclosure 12 while leaving the conduit 16 and/or the unit 18 in place. Thus,
sometimes a kit comprising the range of items including unit 18, conduit 16, and
enclosure 12 is useful, while at other times a variety of kits comprising just unit 18, or
unit 18 and conduit 16, or conduit 16, or conduit 16 and enclosure 12, or enclosure 12

may also be useful.

After the completion of the suction treatment, the drive unit 40 may be switched
off, and the unit 18 is unlatched from the drive unit 40, automatically disassembling the

chamber 54, pneumatically disengaging the barrier member 24 from the membrane 55,
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and the wound enclosure is removed from the patient. The unit 18, conduit 16, and

enclosure 12 are then disposed of.

Thus, once set, the system 10 effectively provides a desired vacuum level at the
wound enclosure 12, which may be remote from the pump head 14, and these conditions
may be substantially maintained by indirectly monitoring the vacuum level at the wound
enclosure 12 and adjusting the vacuum generated by the pump head 14 to compensate
for changes thereof via a closed loop type control system. The waste matter from the
wound enclosure is thus suctioned to the container in a monitored and controlled
manner, without contaminating the drive unit, which is regarded as a non-disposable
part of the system 10. A new disposable portion, comprising a kit 90, may be

immediately coupled to the drive unit 40, for immediate re-use of the system 10.

It 1s clear that the present invention alleviates the need for cleaning or
disinfecting any portion of drive unit after use, or providing protective means, such as

filters, to keep contaminants from reaching the costly drive.

A vacuum system for draining an open wound according to a second
embodiment of the present invention, illustrated in Fig. 2, comprises the elements and
features of the first embodiment, with some differences as described below, mutatis
mutandis. Thus, the system 110 according to the second embodiment also comprises a

wound enclosure 12, and a vacuum pump apparatus 150, and waste canister or container
131.

The wound enclosure 12 is similar to that of the first embodiment, mutatis
mutandis, having an outer perimeter 51 that is sealable to the periphery of the wound

area on the body 34 and defining a confined volume V, and comprising orifice 35.

The vacuum pump apparatus 150 is similar to that of the first embodiment,
mulatis mutandis, and thus comprises a pump head 114 that is releasably coupled to a
pump drive unit 40 for operation therewith, the drive unit 40 being substantially
identical to that of the first embodiment and comprising the elements and features, as

described herein for the first embodiment.

Similarly, the pump head 114 comprises rigid part 56 having a pump inlet port

19 and a pump outlet port 20 with suitable one-way valves, and a barrier member 24,
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defining a pump working chamber 29 having a variable pump volume P, together with a
first part 96 of the chamber 54, similar to the corresponding components described for

the first embodiment, mutatis mutandis.

The waste container 131 is similar to that of the first embodiment, mutatis
mutandis, and thus comprises housing 160 defining collection volume C, interface 162,
coupling/decoupling and locking mechanisms, for example such as latch 23 and tooth
130, tab 44 and slot 145, similar to the corresponding components described for the first

embodiment, mutatis mutandis.

In the second embodiment, the pump head 114 is also joined to said waste
container 131, to form an integral unit 118 similar to the corresponding components
described for the first embodiment, mutatis mutandis, and the pump inlet port 19 and
pump outlet port 20 are at least partially accommodated within said collection volume

C, while the barrier member 24 is facing in a direction generally away therefrom.

In contrast with the first embodiment, in the second embodiment the enclosure
12 1s in direct fluid communication, via conduit 16 and waste container inlet port
defined by nipple 157, with the container 131, rather than the pump inlet port 19, which
in this embodiment opens to the collection volume C. Thus, exudates from the wound
are directly discharged to the collection volume C. The outlet port 120, on the other
hand, discharges to sleeve 169 that extends to the outside of the housing 160 via exit
port 188. A suitable filter (not shown) may optionally be provided between the outlet
port 20 and exit port 188 to prevent contamination of ambient air. The outlet port 20 is
thus vented to the external ambient environment E, and thus there is no direct
communication between the container volume C and the outlet port 120. Optionally, a
baffle plate arrangement (not shown) may be provided downstream of the outlet port 20,

which may be useful in attenuating noise with respect to the external environment.

The container 131 does not comprise a vent corresponding to vent 17 of the first

embodiment for venting the collection volume C.

As with the first embodiment, mutatis mutandis, the integral unit 118 may be
provided as a kit 190, which may also optionally comprise conduit 116, and enclosure
12, optionally already connected to the unit 118, or alternatively, conduit 16, and

enclosure 112, may be provided separately to the integral unit 118.
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As with the first embodiment, mutatis mutandis, when the pump unit 114 and
drive unit 40 are mechanically coupled, the first part 96 sealingly engages with the
second part 97 to form chamber 54, pneumatically coupling the membrane 55 to the
barrier member 24, and the second embodiment may be operated and controlled in a

similar manner to that described for the first embodiment, mutatis mutandis.

In other embodiments of the invention, the suction head may comprise instead of
the wound enclosure, a drain catheter or the like, for example, for applying a
predetermined vacuum to a medical target area, such as for example the intra-oral
cavity, trachea, an organ of the body being operated on, and so on, or indeed to a non-
medical target area. Such a drain catheter may comprise at least one lumen in fluid
communication with the pump, and the inlet arrangement may comprise at least one
aperture adapted for providing fluid communication between the target volume and the

at least one lumen.

In one variation of the suction head, illustrated in Fig. 3, the free end or tip 37' of
the conduit 16 (or 116 with respect to the second embodiment) comprises an inlet
opening 35' that may be partially submerged in waste fluids 38' that it is desired to
remove from target area 34', allowing a part 39' of the opening 35' to act as a venting
orifice. This part 39' may function in a similar manner to the bleeding orifice 35 of the
first embodiment, mutatis mutandis, but may change in size in response to changes in

the relative positioning of the tip 37" with respect to the target 34'.

In the method claims that follow, alphanumeric characters and Roman numerals
used to designate claim steps are provided for convenience only and do not imply any

particular order of performing the steps.

It should be noted that the word “comprising” as used throughout the appended

claims is to be interpreted to mean “including but not limited to”.

While there has been shown and disclosed example embodiments in accordance
with the invention, it will be appreciated that many changes may be made therein without

departing from the spirit of the invention.
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1. A pump apparatus adapted for providing a predetermined working pressure,

comprising:

a powered pump drive and a pump head, in operation said pump
apparatus being configured for enabling said pump drive to drive said

pump head via a pneumatic coupling arrangement, wherein:

sald pump head comprises a pumping chamber and a pump
diaphragm member defining part of said pumping chamber, an inlet
and an outlet, wherein said pump diaphragm member is reciprocable
via said pneumatic coupling arrangement, to generate said working

pressure;

said pump drive comprises a reciprocation drive for driving a drive

diaphragm member;

saild pneumatic coupling arrangement comprises an actuation
chamber including said pump diaphragm member and said drive
diaphragm member in mutually facing relationship, and a control

volume of air for pneumatically coupling therebetween; and wherein

sald apparatus further comprising a coupling interface for reversibly

mechanically coupling said pump head with respect to a drive unit; and

wherein said pump apparatus is configured for defining said
actuation chamber responsive to said pump head being mechanically

coupled with respect to said drive unit via coupling interface.

2. A pump apparatus according to claim 1, wherein said pump diaphragm member

constitutes a fluid barrter member substantially preventing fluid communication

between the pumping chamber, and said pump drive, via said pump head.

3. A pump apparatus according to any one of claims 1 and 2, wherein said pump

diaphragm member is in fluid communication with said actuation chamber only

via a first surface of the pump diaphragm member.
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A pump apparatus according to claim 3, wherein said first surface ot said pump

member is on an outside of said pumping chamber.

A pump apparatus according to any one of claims 1 to 4, wherein said pump
drive reciprocatingly drives said drive diaphragm member, said drive
diaphragm member being in fluid communication with said actuation chamber
only via a first surface of the drive diaphragm member during operation of said

pump apparatus.

A pump apparatus according to any one of claims 1 to 5, wherein said actuation
chamber comprises a first part, comprised in said pump head, and a second
part, comprised in said pump drive, wherein said first part and said second part
are configured for being reversibly sealably engaged with one another to define

said control volume, at least when said pump apparatus is in operation.
A system for suctioning flutds from a target volume, comprising:
the pump apparatus as defined in any one of claims 1 to 6; and

a suction head adapted for being in flutd communication with said target

volume;

the pump head being in fluid communication with said suction head via

said inlet.

A system according to claim 7, further comprising a waste container defining a
collection volume for collection of materials that may be drained from said

target volume.

A system according to claim 8, wherein said pump head and said waste

container are comprised 1n an integral pump head/container unit.

A system according to claim 8, wherein a part of said pump head is
accommodated in said waste container, and wherein satd inlet and said outlet

are at least partially within said collection volume.

A system according to claim 8, wherein said inlet is in fluid communication
with said suction head via a conduit, said outlet is in fluid communication with
said collection volume and wherein said waste container is vented to external

ambient air.
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A system according to claim 8, wherein said inlet 1s in fluid communication
with said suction head via said collection volume, and said outlet i1s vented to

external ambient air.

A system according to any one of claims 7 to 12, wherein said pump head,

waste container and suction head are configured for being disposable.

A system according to any one of claims 7 to 13, wherein said target volume 1s
a medical target volume associated with at least one of a wound and burn, and
said suction head comprises an enclosure sealable to a perimeter of the wound
or burn, respectively, so as to define a confined volume comprising said target

volume.

A vacuum system comprising a vacuum pump adapted for providing a
predetermined working pressure in said system below a reference pressure, said
vacuum pump comprising a pump head comprising a pump member in the form
of a diaphragm pneumatically coupled to a reciprocable diaphragm member of
a powered pump drive unit via an actuation chamber comprising a control
volume, and wherein said pump member and said diaphragm member are in
mutually facing relationship in said actuation chamber, and further comprising
at least one pressure sensor in fluid communication with said control volume

and configured for monitoring a pressure thereof.

A method for indirectly monitoring a working pressure generated by a vacuum
pump apparatus, said vacuum pump apparatus comprising a pump head
comprising a pump member in the form of a diaphragm pneumatically coupled
to a reciprocable diaphragm member of a powered pump drive unit via an
actuation chamber comprising a control volume and wherein said pump
member and said diaphragm member are in mutually facing relationship in said
actuation chamber, and further comprising monitoring directly a pressure of

said control volume.
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