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ABSTRACT

A Suction head in fluid communication with a pump head
provides a Sub-ambient working pressure to a medical site,
enabling drainage thereof to a waste container and/or enhanc
ing healing at the site. A passive pressure regulator enables
the working pressure to be maintained at a desired level
independent of the fluid flow through the system.
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SUCTIONING SYSTEM, METHOD AND KIT

Source and an outlet connectable to a Suction source. The
container contains a closure member that closes the outlet

FIELD OF THE INVENTION

port when the container is full. The closure member is inte
grated with a vent valve that is mounted to the container near

0001. This invention relates to medical suctioning systems
and methods, and more specifically to Such systems and
methods that apply negative pressure to physiological areas
and the like.
BACKGROUND OF THE INVENTION

0002 There are many medical situations in which apply
ing 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. A num
ber of systems and methods have been developed for provid
ing medical Suctioning.
0003. 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 drain
age fluids into the canister.
0004. In WO97/18007 a portable wound treatment appa
ratus 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.
0005. In WO 03/016719, a vacuum pump is disclosed
having a drive and a disengageable pumping system con

the outlet.

(0010. In WO 03/030966, a system is disclosed for treating
a patient with a wound, and comprises a bandage, a recep
tacle, 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 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 recep
tacle, is connected to the receptacle.
(0011. In WO 03/057070, a ventilated bandage system is
disclosed for use with a wound. The system includes aban
dage 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 nega
tive 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.

(0012. 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.

nected thereto, and a two- or three-chambered canister within

SUMMARY OF THE INVENTION

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

0006. In U.S. Pat. No. 6,648,862 the vacuum desiccator
low pressure vacuum pump and trap and is 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 occlu
sive 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 pres
sure differential sensor.

0007. In U.S. Pat. No. 5,645,081, a method and apparatus
are disclosed, in which a negative pressure is applied to a
wound Sufficient in time and magnitude intended to promote
tissue migration and facilitate closure of the wound.
0008. In GB2,307,180 (EP0865304), 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. Over
filling of canister is prevented by a filter contained in the
canister and a pressure sensor which detects pressure reduc
tions 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 moni
tored by a conduit connected to the porous dressing.
0009. In U.S. Pat. No. 4,739,791 a fluid collection con
tainer is disclosed, having an inlet connectable to a fluid

0013 The present invention relates to a vacuum system (or
apparatus) for providing a Sub-ambient pressure to a medical
target volume, and thus enables fluids to be drained from such
a target Volume. Accordingly, the invention also includes a
corresponding system for draining fluids from Such a target
Volume.

0014. Herein, the terms “medical target volume” or “target
volume' relate to any part of the body of a human or animal,
external or internal, regarding 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 com
prise 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 oper
ated on or regarding which there is bleeding or regarding
which it is beneficial to remove fluids therefrom.

0015 The system of the invention comprises:
0016 a Suction head having an inlet arrangement adapted
for being in fluid communication with said target Volume;
0017 a vacuum pump in fluid communication with said
Suction head, said vacuum pump being adapted for providing
a working pressure in said system below external ambient
pressure;

0018 a waste container defining a collection volume for
collection of materials that may be drained from said target
Volume in fluid communication with at least one of said

vacuum pump and said inlet arrangement; and
0019 a passive pressure regulation system for passively
regulating said working pressure, said passive pressure regu
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lation system being in fluid communication with said Suction
head upstream of the said waste container.
0020. 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 com
prises 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 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 pro
viding fluid communication between said target Volume and
said at least one lumen.

0021. As will become clearer herein, by “passive' in rela
tion to the pressure regulation system is meant that the pres
Sure regulation system is configured for responding, and un
fact responds, directly to a change in parameters such as the
pressure drop across the pressure regulation system, and is
driven directly by the change in parameter, to open or close, in
contrast with so-called active pressure regulation systems in
which operation thereof is actively controlled by a controller
that is of itself substantially unmoved by the changes in the
parameters. Such as for example an electronic controller or
computer, according to preset instructions. Such an active
pressure regulation system functions with the aid of a pow
ered drive mechanism that selectively opens or closes the
regulation system responsive to instructions or signals pro
vided by the controller, and the controller may provide
instructions to open/close at periodic intervals, for example.
Thus, the passive pressure regulation system of the present
invention is substantially unpowered and/or uncontrolled by
an external control unit, and rather operates to open or close
solely by virtue of the pressure difference across the pressure
regulation system being within or exceeding a predetermined
threshold, which may optionally be set within a variable
range.

0022. In described embodiments, the pressure regulation
system comprises a venting valve arrangement adapted for
enabling ingress of external ambient air into the system
responsive to a reduction in said working pressure below a
predetermined datum pressure with respect to said external
ambient pressure and for discontinuing said ingress when
said datum pressure is restored. The venting valve arrange
ment may comprise an inlet port having a valve seat and in
fluid communication with said ambient air, an outlet port in
fluid communication with said vacuum system, and a valve
seal biased for sealingly closing with respect to said valve seat
by means of a resilient element generating a biasing force of
magnitude Substantially less than and in a direction generally
opposed to a pressure-induced force acting on said valve seal
when said working pressure is less than said datum pressure.
0023 Optionally, the venting valve arrangement com
prises an adjustment mechanism for adjusting said datum
pressure. In one form of the valve arrangement, this com
prises an inlet port in fluid communication with said ambient
air and an outlet port in fluid communication with said
vacuum system, and a valve seal biased for sealingly closing
said inlet port by means of a resilient element generating a
biasing force of magnitude Substantially less than and in a
direction generally opposed to a pressure-induced force act
ing on said valve seal when said working pressure is less than

said datum pressure, and wherein said adjustment mechanism
comprises a bias adjusting arrangement for adjusting the
magnitude of said biasing force. The resilient element may
comprise a compression spring mounted in a suitable housing
Such as to urge said valve seal towards said valve seat, and
said bias adjusting arrangement comprises a compression
control mechanism for adjusting the compression of said
Spring.
0024. The pressure regulation system may be connected to
the Suction head permitting selective fluid communication
between said target Volume and said external ambient air,
enabling ingress of external ambient air into said target Vol
ume responsive to a reduction in said working pressure below
a predetermined datum pressure and discontinuing said
ingress when said datum pressure is restored.
0025. In any case, the pressure regulation system may be
mounted in a location upstream or distal of the waste con
tainer, and may further be located as close as possible to the
target Volume, proximate to, i.e. just downstream or proximal,
or comprised at the Suction head. In some embodiments, the
pressure regulation system may also be located upstream or
distal of the suction head, for example when the suction head
comprises a wound enclosure. By the mounting location is
meant either the location where the pressure regulation valve
is actually located, or, where the pressure regulation system
comprises a dedicated conduit downstream thereof to trans
mit the pressure of the pressure regulation Valve to aparticular
location of the vacuum system, where such a conduit is actu
ally connected to the vacuum system. By “proximate” is
meant that the pressure regulation system may closer to the
suction head than to the waste container in terms of fluid flow

paths between the three components.
0026. Thus, the passive pressure regulation system is in
fluid communication with said Suction head upstream of the
said waste container.

0027. 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.
0028. The pressure regulation system may be connected to
said Suction head directly or via a suitable conduit. In some
embodiments, the pressure regulation system may be in selec
tive fluid communication with an outlet port of said vacuum
pump and said external ambient air Such as to allow ingress of
at least one of fluid from said vacuum pump outlet port and
said external ambient air when said working pressure is below
said datum pressure.
0029. The passive pressure regulation system of the inven
tion thus operates in direct response to a particular change in
pressure at or close to the Suction head, and relieves pressure
thereat when the vacuum level drops to below a pre-set level,
regardless of the actual Volume flow rate of the air ingress
through the pressure regulation system, and thus operates to
maintain Substantially constant the operating pressure in the
vacuum system responding almost instantaneously to any
departure from the set working pressure.
0030. A feature of such a passive pressure regulation sys
tem is that it may be manufactured in a relatively cheap
manner compared with active pressure regulation systems,
and thus may be integrally formed or connected with other
disposable elements of the system, for example, the waste
container.
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0031. The vacuum pump may comprise a pump head that
is releasably operatively coupled to a pump drive unit,
wherein said pump head is fixed to or integral with said waste
container.

0032. In particular, the pump head and pump drive unit are
adapted for enabling quick, easy and simple manual connec
tion and disconnection of the two components, without the
need for tools. Thus the pump head and the pump drive unit
are attachable and detachable one with respect to the other.
0033. The pump head comprises a pump chamber and a
reciprocable pump member that defines part of the pump
chamber, and the pump chamber is adapted to expand and
contract by two-way forced reciprocation of the pump mem
ber under the action of a drive element in the form of a

reciprocating member comprised in the pump drive unit. The
pump head and the pump drive unit are constructed so that
attaching the pump head to the pump drive unit brings the
reciprocating pump member and the drive element (recipro
cating member) to a position that provides, during operation
of the pump drive unit, for their engagement and for recipro
cation of the pump member by means of the driving element.
0034. 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 allow

ing said attaching of the pump head to the pump drive unit by
a simple manipulation without tools. 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 disengages said
reciprocal pump member from said driving element.
0035. The pump head may comprise a pump inlet port and
a pump outlet port, and the pump member may be in the form
of a suitable deformable diaphragm arrangement, recipro
cable by means of said pump drive unit, to induce said work
ing pressure in said vacuum system. At the same time, the
drive unit may comprise a reciprocation drive for driving a
reciprocating member, and said diaphragm is releasably
engageable with said reciprocating member responsive said
pump head being coupled to said pump unit. The reciprocat
ing member and the diaphragm may be conformally shaped
such that when coupled one with the other a vacuum is created
therebetween as air is expelled, and the vacuum maintains the
two components coupled, until a user actively decouples the
reciprocating member and the diaphragm one from the other,
typically automatically as the pump head is disconnected
from the pump drive unity. For example one of the recipro
cating member and the diaphragm may comprise a Suction
cup arrangement for engagement with respect to a Substan
tially smooth surface of the other one of the reciprocating
member and the diaphragm. The reciprocating member may
be in the form of a reciprocating head having a second dia
phragm, or, in the form of a piston head arrangement, for
example. Other arrangements enabling automatic engage
ment between the pump head and pump unit may also be
provided.
0036) A part of the pump head may be accommodated in
the waste container, wherein the pump diaphragm 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. In one embodi
ment, the pump inlet port is in fluid communication with said
Suction head via a conduit that passes through the wall of the

container, said pump outlet port is in fluid communication
with said collection Volume and wherein said waste container
is vented to said external ambient air.

0037. In another embodiment, the pump inlet port is in
fluid communication with said Suction head via said collec

tion Volume, and said pump outlet port is vented to said
external ambient air. In Such an embodiment, the pressure
regulation system may be operatively connected to said Suc
tion head via a suitable first conduit and wherein said pressure
regulation system is in selective fluid communication with
said pump outlet port and said external ambient air such as to
allow ingress of at least one of fluid from said vacuum pump
outlet port and external ambient air into said target Volume
responsive to a reduction in said working pressure below a
predetermined datum pressure and Such as to discontinue said
ingress when said datum pressure is restored. Further, the
waste container may be in fluid communication with said
Suction head via a suitable second conduit, and optionally the
first conduit and the second conduit may be in fluid commu
nication one with another.

0038. At least some, and preferably all of the pump head,
waste container, Suction head and pressure regulation system
are configured for being disposable.
0039. Optionally, the pump head and waste container are
reversibly lockably engaged with said pump drive unit by
means of a latch arrangement
0040. The present invention also refers to a kit for use with
the system of the invention, in particular comprising all the
elements of the system other than the pump drive unit. These
elements may be disposable, having a relatively low eco
nomic cost compared with the economic cost of the pump
drive unit for example, or with the economic cost associated
with cleaning, sterilizing and recycling Such components.
Thus, such a kit may comprise:
0041 a vacuum pump head adapted for releasable opera
tive connection to a pump drive unit, said pump head com
prising a pump inlet and a pump outlet for enabling working
fluid to be pumped through the pump during operation
thereof;

0042 a waste container defining a collection volume for
collection of drained materials in fluid communication with at

least one of said vacuum pump head;
0043 wherein said vacuum pump head is one of 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.

0044. Such a kit may thus also comprise a suction head
and/or a passive pressure regulation system as disclosed
herein.

0045. In one particular form, the kit comprises:
0046 a Suction head having an inlet arrangement adapted
for being in fluid communication with said target Volume;
0047 a pump head adapted for being releasably opera
tively connected to a pump drive unit, said pump head com
prising a pump inlet port, a pump outlet port and a Suitable
deformable diaphragm arrangement adapted for reciprocable
operation by means of said pump drive unit when connected
thereto;

0048 a waste container defining a collection volume for
collection of drained materials from said target Volume,
wherein said pump head is one offixed to or integral with said
waste container Such that said pump inlet port and said pump
outlet port are accommodated in said collection Volume,
wherein said pump inlet port is in fluid communication with
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said Suction head via a conduit connecting said pump inlet
port with said Suction head, at least a portion of said conduit
being accommodated in said collection Volume, wherein said
pump outlet port is adapted for discharging into said collec

0060 (c) regulating the working pressure in said target
Volume to provide a positive pressure gradient between said
target Volume and said collection Volume Such as to aid flow
of said materials from said target Volume to said collection

tion Volume, and wherein said waste container is vented to
external ambient air; and

Volume.

0049 a venting valve arrangement mounted to one of said
conduit and Suction head adapted for enabling ingress of
external ambient air into the system responsive to a reduction
in said working pressure below a predetermined datum pres
Sure with respect to said external ambient pressure, such as to
induce Suction flow of materials from said target Volume
when in use, and for discontinuing said ingress when said
datum pressure is restored.
0050. In another form, the kit comprises:
0051 a suction head having an inlet arrangement adapted
for being in fluid communication with said target Volume;
0052 a pump head adapted for being releasably opera
tively connected to a pump drive unit, said pump head com
prising a pump inlet port, a pump outlet port and a Suitable
deformable diaphragm arrangement adapted for reciprocable
operation by means of said pump drive unit when connected
thereto;

0053 a waste container defining a collection volume for
collection of drained materials, wherein said pump head is
fixed to said waste container Such that said pump inlet port
and said pump outlet port are accommodated in said collec
tion Volume, wherein said pump inlet port is in fluid commu
nication with said suction head via said collection Volume,
and said waste container is in fluid communication with said

Suction head via a first conduit, and wherein said pump outlet
port is vented to external ambient air; and
0054 a venting valve arrangement in fluid communication
with said target Volume via a second conduit, said valve
arrangement being mounted to said waste container and in
selective fluid communication with said pump outlet port for
enabling ingress of at least one of fluid from said vacuum
pump outlet port and external ambient air into the system
responsive to a reduction in said working pressure below a
predetermined datum pressure with respect to said external
ambient pressure. Such as to induce Suction flow of materials
from said target Volume, and for discontinuing said ingress
when said datum pressure is restored.
0055 Optionally, the said diaphragm comprises a suction
cup arrangement for engagement with said pump drive unit.
0056. The present invention also relates to a vacuum sys
tem comprising all the elements of a kit as disclosed herein
and a pump drive unit, wherein the vacuum pump is in fluid
communication with said Suction head, the vacuum pump
being adapted for providing a working pressure in said system
below external ambient pressure, said vacuum pump com
prising said pump head releasably operatively connected to
said pump drive unit, wherein said pump head comprises a
pump inlet port, a pump outlet port and a suitable deformable
diaphragm arrangement reciprocable by means of said pump
drive unit to induce said working pressure in said vacuum
system;

0057 The present invention is also directed to a method
for providing a sub-ambient pressure to a medical target Vol
ume or for draining fluids therefrom, comprising:
0058 (a) inducing a working pressure in said target vol
ume below external ambient pressure;
0059 (b) providing a collection volume for collection of
drained materials from said target Volume; and

0061 Optionally, step (c) comprises allowing ingress of
external ambient air at or near to the target Volume responsive
to a reduction in said working pressure below a predeter
mined datum pressure with respect to said external ambient
pressure and discontinuing said ingress when said datum
pressure is restored. Further optionally, the method may com
prise allowing recirculation of fluid, in particular air, between
said collection Volume and said target Volume together with
said ingress of external ambient air.
0062. Thus, according to the invention, a suction head in
fluid communication with a pump head provides a Sub-ambi
ent working pressure to a medical site, enabling drainage
thereof to a waste container and/or enhancing healing at the
site. A passive pressure regulator enables the working pres
sure to be maintained at a desired level independent of the
fluid flow through the system.
0063. According to the invention, the waste container and
pump may be connected in any serial order with respect to the
wound enclosure, for example with the waste container may
be distally or proximally located (in terms of the fluid flow
path from the suction head) from the wound enclosure with
respect to the pump.
0064. Some features of the invention include the follow
ing. The adjustable pressure regulator or relief valve may be
integrated with the wound enclosure or in fluid connection
therewith via a tube or conduit, such that the vacuum condi

tions or negative or Sub-ambient pressure applied at the
wound may be accurately controlled thereby, in a passive
manner, irrespective of the pump flow or exudates flowing
from the wound in the direction of the pump. When the
negative pressure is controlled at one end of a tube within
which exudates are being moved by the force of such negative
pressure, a pressure differential is created across the exudates,
which moves it. This pressure differential alters the regulator
set pressure. In the present invention, the regulator pressure
may be transferred directly to the wound by way of a conduit
Substantially free of exudates, thus controlling the negative
pressure at the point of Suction, accurately.
0065. When the sub-ambient pressure reaches the set level
of the pressure regulator, the regulator opens to introduce
airflow in the general direction of the wound so as to maintain
the pre-set sub-ambient pressure level. The flow of air from
the pressure regulator towards the general direction of the
wound substantially prevents exudates or other fluids from
the wound from entering the pressure regulator, or where
appropriate, the tube or conduit between the regulator and the
wound. The flow of air through the pressure regulator is
generally continuous and enables the system to operate at a
set vacuum pressure independent of the actual air flow, and
renders the wound enclosure vented or non-airtight, as dis
tinguishable from conventional non-vented wound closures,
as well as from wound enclosures that are vented by means of
a vent opening, which renders the vacuum conditions depen
dent on the flow through the vent.
0066. The pump flow can be low at all negative pressure
settings of the regulator (also referred to herein as a relief
valve), since the set negative pressure of the regulator is
obtained almost instantaneously as soon as the regulator
opens to ambient, regardless of the actual flow, providing for
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low pump flow, low energy consumption as well as Substan
tially silent or low-noise (acoustic) operation. The described
method of controlling the negative pressure at a location
distant from the pump which generates Such negative pres
Sure may be employed for various applications, such as medi
cal Suctioning. In most medical applications, it may be
desired to maintain Suctioning within predetermined limits to
avoid tissue damage that may occur at high Suctioning.
0067. According to another aspect of the present inven
tion, there is provided a waste collection canister or container,
integral with the negative pressure regulating valve, whereby
the air entering the relief valve is the air pumped to generate
the negative pressure, thus circulation of the pump flow in a
closed loop prevents the contaminated pumped air from being
discharged to the atmosphere, as is common with other nega
tive pressure systems.
0068 According to a further aspect of the present inven
tion, there is provided a vacuum system for practicing the
above method. The vacuum system may use a totally dispos
able vacuum pump, whereby the pump is integrated into the
waste canister, Such that attaching the pump to its drive will
simultaneously attach the waste canister. The integration of
the pump into the waste canister eliminates any conduit
between the pump and the waste canister, providing for ease
of disposability, as well as reducing the noise level generated
by the pump which is separated from its Surrounding by the
waste canister, doubling as a Sound barrier.
0069. According to another aspect of the present inven
tion, there is provided a disposable pump with a diaphragm
which has a Suction cup formed on its outer Surface, for the
purpose of engaging the pump to its drive by having a suction
cup coupling when the drive contacts the diaphragm Suction
Cup.

0070 Another feature of the invention is that the pump
drive unit operates the vacuum pump in a reciprocating man
ner that may induce flow or pressure pulsations to the wound
area, which in turn may enhance wound drainage. This pull
sation effect may be obtained in embodiments where the
pump inlet is connected directly to the wound enclosure,
rather than via a waste canister.

0071 Another feature of the invention is that the selective
venting effect provided by the pressure regulator serves to
vent the wound enclosure when the pressure therein has
dropped below a threshold level, allowing relative quick
movement of exudate entering the conduit from the enclo
sure, and into the waste collection container before the exu

dates dries or coagulates and occludes the tube.
0072 Another feature of the invention is that the integral
unit, comprising the pump head and waste container, option
ally together with the wound enclosure and conduit(s) 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

0.073 Yet another feature of the invention is that it can
provide a generally reduced operating noise level as com
pared with the operation of prior art devices. For example, in
the embodiments described herein, the pump head is accom
modated within the waste container, which dampens any
noise generated by the pump drive unit. Moreover, in embodi
ments 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 embodi

ments, the pump may operate at relatively low power ratings,
required for relatively low flow rates, which has a correspond
ing low noise benefit.
0074. A feature particularly of the second embodiment is
that by having the pressure regulator housed within a sleeve in
the waste container, it is possible to recycle the pumped air
from the wound back into the system via the regulator, reduc
ing the possibility of exhausting contaminated air back into
the environment, and also facilitates the disposal of the waste
container and disposable peripherals such as the tubing, regu
lator and wound enclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

0075. 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:
0076 FIG. 1 is a schematic illustration in cross-sectional
side view of a first embodiment of the invention, wherein the

pump-head/container unit is detached from the pump drive
unit, and the wound enclosure is fixed to a wound site.
0077 FIG. 2 is a schematic illustration in cross-sectional
side view of a second embodiment of the invention, wherein

the pump-head/container unit is attached to the pump drive
unit, and the wound enclosure is fixed to a wound site.

0078 FIG. 3 is a schematic illustration in fragmented
cross-sectional side view of the pressure regulator of the
embodiment of FIG. 2.
DETAILED DESCRIPTION OF EMBODIMENTS

0079 A vacuum system for providing, i.e. applying, a
Sub-ambient pressure to 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 Suc
tion head, a vacuum pump 50, waste canister or container 31,
and pressure regulator 35.
0080. The suction head has an inlet arrangement adapted
for being in fluid communication with the target Volume, and
is 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 Vincluding the target Volume over
the exposed parts of the wound from which it is desired to
remove under Suction liquids and other flowable materials,
which may include biological or non-biological materials,
though at times it may be desired merely to maintain a nega
tive pressure in the confined volume V over the wound to
promote healing thereof.
I0081. In other embodiments, the suction head may instead
comprise, for example, a drain catheter or the like, for apply
ing 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. Such a drain catheter may
comprise at least one lumen in fluid communication with the
pump 50, 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.
I0082. The pump 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 accom
modating a powered drive, such as an electric motor 39, and
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a battery pack 41 for powering the motor. Additionally or
alternatively, the motor 39 may be provided with powerform
an external source. Such as for example an electric mains (not
shown). A reciprocating mechanism 27, comprising a crank
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 54
having a periphery 28 thereof Suitably sealingly anchored to
a frame in said housing 52, Such that a relatively smooth
surface 55 of the membrane 54 is exposed with respect to the
housing 52, and Such as to prevent contamination of the inside
of the housing 52.
0083. 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 flexible diaphragm 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 flexible diaphragm 24 is deform
able from a first position in close proximity to the rigid part 56
defining a minimum pump Volume P, and a second position
(when maximally spaced from the rigid part 56 during opera
tion of the system) defining a maximum pump Volume P. An
outer-facing side of the diaphragm 24 comprises a Suction cup
25, integrally or otherwise joined thereto, adapted for releas
ably engaging with respect to said smooth surface55. Option
ally, and as illustrated in FIG. 1, the suction cup 25 may
comprise a peripheral lip 21.
0084. The waste container 31 comprises a suitable hous
ing 60 defining a collection Volume C adapted for collecting
waste materials, particularly liquids and other flowable mate
rials, from the wound. Thus, the housing 60 is substantially at
least one of impermeable, contamination and leak-free
regarding these materials with respect to the external envi
ronment E, and may be formed as an integral item, or from
several parts Suitably joined together, for example. The con
tainer 31 is rigid or semi rigid, though in other variations of
the embodiment, the container may be non-rigid, and is Suit
ably adapted for connection with respect to the drive unit 40.
0085. 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, fasten
ing, and so on, to form the integral unit 18. At least a part of
the pump head 14 is 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 diaphragm 24 is facing in a direction
generally away from collection volume C. The pump head 14
is located with respect to the container 31 at a position such
that when the container 31 is coupled to the drive unit 40, the
diaphragm 24 is aligned with the smooth surface 55. The
natural resilience of the diaphragm 24 generally results in the
pump head 14 defining size of variable internal volume P
intermediate between the said maximum and minimum pump
volume P, if not the maximum pump volume P, when the
pump head 14 is disengaged from the drive unit 40. In such a
position, or even if the diaphragm 24 were to be at the first
position defining a minimum pump Volume P, the Suction

pump 25 engages the smooth surface 55 automatically, either
immediately when the waste container 31 is coupled to the
drive unit 40, or very soon after operation of the drive unit,
when the reciprocating mechanism pushes the reciprocating
head into engaging contact with the diaphragm 24.
0086. 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.
I0087. The outlet port 20 discharges or drains, 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.

I0088. 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 be provided at vent 17 to
prevent contamination of the external environment Efrom the
contents of the container 31.

I0089. The container 31, or indeed pump-head/container
unit 18, comprises an interface 62 that faces, and has a form
that is generally complementary to, a drive unit interface 64
on the housing 52, for facilitating mounting or 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 attach
ments means 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 attach

ment means 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 with slot 45,
which enabling coupling and decoupling of the pump-head/
container unit 18 (or container 31) with respect to the drive
unit 40.

0090. In this embodiment, the pressure regulator 35 may
be mounted to the enclosure 12 at any suitable position,
though typically at a position where operation thereof will be
unhindered by other equipment or parts of the patient's body,
or where operation thereof will not be compromised by spe
cific treatments that may be needed to be administered to the
patient. Alternatively, the regulator 35 may be mounted in a
Suitable conduit, for example at an end of a conduit that is
fixed to the enclosure 12, and Such an arrangement may be
useful in cases where the area directly over the enclosure is
unsuitable, for example where the patient is covered with
blankets which are also draped over the enclosure.
0091. The pressure regulator 35 comprises a vent valve
arrangement having a valve seal 38 that cooperates with valve
seat 68 for providing sealing engagement therewith when the
regulator 35 is in the closed position. The valve seal 38 is
mounted on a pin 72 having a nut 59 thereon, the axial
position of which relative to the pin is adjustable. The pin 72
is reciprocably movable within the lumen of a helical spring
37, located between the nut and the enclosure 12, between an

open position in which the seal 38 is displaced from the seat
68, and the said closed position. The regulator 35 is urged to
the open position when there is a pressure difference between
the ambient air pressure of the external ambient environment
E and the pressure within the confined volume V that exceeds
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a threshold value M. When this pressure difference is at or less
than the threshold value M, the regulator 35 is urged to the
closed position by means of the restoration force of the spring
37. The datum restoration force provided by spring 37 can be
adjusted by means of nut 59, in order to control the threshold

tuate to Some degree, enhancing drainage of exudates from
the wound. The relatively sudden opening of the pressure
regulator 35, under the appropriate pressure conditions, may
also provide a pulse effect that may help to dislodge block

value M, and thus the vacuum conditions in the confined

0096. If necessary, the nut 59 may be adjusted to allow
operation of the regulation valve at lower or higher vacuum

volume V at which the regulator 35 opens to the external

ages etc.

environment E.

levels in the enclosed volume V. As exudates fills the collec

0092 Optionally, the regulator 35 may also comprise a
biological or other suitable filter to prevent possible contami
nation of the wound via the confined volume V, and/or pos

tion volume C, air is displaced out of this volume via vent 17.
0097. If conduit 16 becomes blocked, the vacuum created
by the pump 50 is increased by the action of the pump head 14
until the blockage is dislodged and displaced to the waste
container, which may have the effect of reducing the vacuum
in the contained Volume V, which in turn may cause the
regulator to open and allow air thereinto.
0098. If 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 dis
connected from the drive unit 40 and disposed of, in a similar

sible contamination of the external environment E.

0093. 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 and regulator 35, option
ally already connected to the unit 18. Alternatively the con
duit 16, enclosure 12 and regulator 35, 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 mate
rials, including Suitable plastics and so on.
0094 Thus, the system comprises a disposable part,
including integral unit 18 conduit 16, enclosure 12 and regu
lator 35, and a reusable part, including the pump drive unit 40.
0095. The system 10 according to the first embodiment
may be operated as follows. Unit 18, interconnected with the
conduit 16 and enclosure 12, is mounted to drive unit 40, such

that the pump head 14 is engaged with the reciprocating head
54, and locked together via latch 23. The control unit 40 may
be switched on temporarily for driving the reciprocating head
26 through one or half of a reciprocation cycle as necessary to
ensure that the Suction cup 25 is firmly engaged on the Smooth
surface 55. 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 nut 59 is adjusted to provide the
required setting for the pressure regulator 35. The drive unit
40 is switched on, and as the motor 39 is activated, the crank

turns, reciprocating the rod and reciprocating head 26, caus
ing the diaphragm 24 to reciprocate with diaphragm 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 nega
tive, pressure when operating), and out of the outlet port 20 to
the container volume C via discharge sleeve 69. If the pres
sure in the confined volume V drops too much, then the
pressure difference threshold M is exceeded, and the seal 38
becomes unseated, allowing ingress of external ambient air
into the confined Volume V. The flow of air into the confined

volume V vents the enclosure and aids in entraining the fluids
and materials from the wound towards the pump head 14, in
particular where they may be blocking part of the passage to
the inlet port 19. As diaphragm 24 reciprocates, it may induce
partial cyclic flow within the conduit 16 as the air pulsates,
and this may cause the pressure in the enclosure 12 to fluc

manner to an end of treatment, as described below, and a new
unit 18, conduit 16, and enclosure 12 used with the drive unit

40 to continue treatment. Alternatively, it is possible to
remove and dispose of the unit 18, optionally including con
duit 16, and to replace just these items to continue treatment.
In Such a case, patient discomfort is reduced, as the wound
site is left alone. 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.
0099. After the completion of the wound suction treat
ment, the drive unit 40 is switched off, and the unit 18 is

unlatched from the drive unit 40, automatically disengaging
the pump head 14 from the reciprocating head 26, and the
wound enclosure is removed from the patient. The unit 18,
conduit 16, and enclosure 12 are then disposed of.
0100 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
112, and a vacuum pump 150, waste canister or container 131,
and pressure regulator 135.
0101 The wound enclosure 112 is similar to that of the
first embodiment, mutatis mutandis, having an outer perim
eter 151 that is sealable to the periphery of the wound area on
the body 34 and defining a confined volume V, with the main
difference with respect to the first embodiment being that the
pressure regulator 135 is not mounted to the enclosure 112,
but elsewhere as will be further explained.
0102 The vacuum pump 150 is similar to that of the first
embodiment, mutatis mutandis, and thus comprises a pump
head 114 that is releasably coupled to a pump drive unit 140
for operation therewith, the drive unit 140 comprising hous
ing 152, drive unit interface 164, electric motor 139, battery
pack 141, reciprocating mechanism 127 (comprising a crank,
rod, reciprocating head 126 having a flexible membrane 154
comprising periphery 128, and smooth surface 155, similar to
the corresponding components described for the first embodi
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ment, mutatis mutandis. The pump head 114 comprises rigid
part 156 having a pump inlet port 119 and a pump outlet port
120 with suitable one-way valves, and a flexible diaphragm
124 (having a suction cup 125), defining a pump working
chamber 129 having a variable pump volume P. similar to the
corresponding components described for the first embodi
ment, mutatis mutandis.
0103. 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 123 and tooth 130, tab 144 and slot 145, similar to the

corresponding components described for the first embodi
ment, mutatis mutandis.

0104. 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 119 and pump outlet port 120 are at least partially
accommodated within said collection volume C, while the

diaphragm 124 is facing in a direction generally away there
from.

0105. In contrast with the first embodiment, in the second
embodiment the enclosure 112 is in direct fluid communica

tion, via conduit 116 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 dis
charged 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. The outlet port
120 is thus vented to the external ambient environment E, and
thus there is no direct communication between the container

volume Cand the outlet port 120. The container 131 does not
comprise a vent corresponding to vent 17 of the first embodi
ment for venting the collection volume C. In the second
embodiment, the pressure regulator 135 is mounted to a first
end 171 of a second conduit 123 that provides fluid commu
nication between the pressure regulator 135 and the enclosure
112. The second end 172 of conduit 123 is spliced from
conduit 116 at juncture 177, so that there is a tube conduit
connected to enclosure 112, bifurcating to conduits 116 and
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projects from said exit port 188, and comprises a radial inner
facing flange defining annular valve seat 168. The valve body
181 is generally static, and may be integrally formed or oth
erwise joined, mounted or connected in coaxial relationship
with sleeve 169. An annular adjustor nut 159 comprises an
outer annular body 198 that is adjustably engageable with the
valve body 181 via screwthreads 191 that allow controlled
relative axial displacement between the nut 159 and valve
body 181. Seal 192 prevents leakage between the valve com
ponents. The nut 159 comprises an inner sleeve 193 coaxial
with and radially displaced with respect to outer annular body
198 via annular plate 197. The inner sleeve 193 defines a
stepped lumen 194 with annular shoulder 195 therethrough.
Valve seal 138, backed by disc or plate 189, is biased by
compression helical spring 137 against valve seat 168. Heli
cal spring 137, which is seated on shoulder 195, is reciproca
bly movable within the lumen 194 to enable the valve seal 138
to cooperate with valve seat 168 for providing sealing
engagement therewith when the regulator 135 is in the closed
position, and to enable the valve seal 138 to be displaced from
valve seat 168 when the regulator 135 is in the open position.
The lumen 194 extends via nipple 199 in a direction towards
the outside of the container 131 and allows connection of said
end 171 of conduit 123 thereto.

0109. In a similar manner to the first embodiment, mutatis
mutandis, the regulator 135 is urged to the open position when
there is a pressure difference between the ambient air pressure
of the external ambient environment E and the pressure
within the confined volume V that exceeds a threshold value
M. As the sleeve 169 is vented to the external ambient envi

ronment E, via vent 117, the ambient pressure of the external
ambient environment E is maintained in sleeve 169, and thus

with respect to the seal 138 and outlet port 120. When this
pressure difference is at, or less than, the threshold value M.
the regulator 135 is urged to the closed position by means of
the restoration force of the spring 137.
0110. The datum restoration force provided by spring 137
can be adjusted by means of a compression control mecha
nism in the form of nut 159, in order to control the compres
sion of the spring, and the magnitude of threshold value M.
and thus the vacuum conditions in the confined volume V at

which the regulator 135 opens to the external environment E.

123. Juncture 177 is close to the enclosure 112, but alterna

As the nut 159 is rotated clockwise or anticlockwise, the

tively may beat any other location along the length of conduit
116. Alternatively, in other variations of this embodiment, the
second conduit 123 may be connected directly to the enclo
sure independently of the first conduit 116. Alternatively, in
yet other variations of this embodiment, the second conduit
123 may be connected to the first conduit 116 along a length
thereof, and optionally may comprise separate lumens of a
bi-lumen conduit. Other arrangements for the conduits 123,
116 are also possible.
0106. As illustrated in greater detail in FIG.3, the pressure
regulator 135 is coaxially accommodated in sleeve 169, such
as to allow ventilation of the space within sleeve 169 via
annular gap 117 formed between.
0107 Optionally, the vent 117 may also comprise a bio
logical or other suitable filter 115 (shown in FIG. 2) to prevent
possible contamination of the external environment E via
flow from the outlet port 120.
0108. The pressure regulator 135 according to the second
embodiment comprises a vent valve arrangement having an
outer annular valve body 181 coaxial with said sleeve 169 and
defining said annular gap 117. The valve body inwardly

relative axial relationship between the shoulder 195 and valve
seat 168 is varied in one or another direction, thereby adjust
ing the potential energy of the pre-stressed spring 137 and
thus the magnitude of the pressure-induced force acting on
the valve seal 138 that is necessary to unseat and open the
pressure regulator 135.
0111. As with the first embodiment, mutatis mutandis, the
integral unit 118 may be provided as a kit 90, which may also
optionally comprise one or more of conduits 116 and 123,
regulator 135 and enclosure 112, optionally already con
nected to the unit 118, or alternatively, one or more of con
duits 116 and 123, regulator 135 and enclosure 112, may be
provided separately to the integral unit 118.
0112 The system 110 according to the second embodi
ment may be operated in a similar manner to the first embodi
ment. Unit 118, interconnected with the conduits 116, 123
and enclosure 112, is mounted to drive unit 140, and the

enclosure 112 is placed over the wound site in a similar
manner to that with the first embodiment, mutatis mutandis.

The nut 159 is adjusted to provide the required setting for the
pressure regulator 135, and the drive unit 140 is switched on.
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As the pump head 14 begins to operate, air and fluids exuded
from the wound are sucked out of the contained volume V, and

are drawn and carried through the conduit 112, most of the
liquid exudates discharging directly to the collection Volume
C of the container 131. However air is drawn into the inlet port
119, through the pump working chamber 129 (which is at a
below-ambient, or negative, pressure when operating), and
out of the outlet port 20 to the sleeve 169, and subsequently
vented. If the pressure in the confined volume V drops such
that the pressure difference threshold M is exceeded, and the
seal 138 becomes unseated, allowing ingress of external
ambient air and/or the air discharged from the outlet port 120
into the conduit 123 via sleeve 169. This ingressed air then
recirculates to the collection volume C via conduit 116, and
this flow recirculation also entrains air and flowable material

from the wound enclosure 112. If, in other variations of the

second embodiment, the conduit 123 is attached directly to
the wound enclosure 112, independently of conduit 116, then
the recirculating flow also directly includes the confined vol
ume V as well. In any case, the recirculating flow of air helps
to vents the enclosure 112 and aids in entraining the fluids and
materials from the wound towards the pump head 114. This
recirculation also helps to reduce the amount of contaminated
air that may be discharged to the external environment. As
with the first embodiment, mutatis mutandis, the nut 159 may
be adjusted to allow operation of the regulation valve at lower
or higher vacuum levels in the enclosed volume V. On the
other hand, the relatively large collection volume C disposed
between the wound enclosure 112 and the pump inlet port 119
tends to dampen the pulsating effect generated by the recip
rocating operation of the pump head 114.
0113 Disconnection of the unit 118, with or without the
conduits 112, 123, pressure regulator 135, and enclosure 112
is similar to that described for the first embodiment, mutatis

mutandis, and the used components are then disposed of.
0114. 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.
0115. 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”.
0116 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.
1-38. (canceled)
39. A vacuum system for providing a sub-ambient pressure
to a medical target Volume, comprising:
a Suction head having an inlet arrangement adapted for
being in fluid communication with said target Volume;
a vacuum pump in fluid communication with said Suction
head, said vacuum pump being adapted for providing a
working pressure in said Suction head below external
ambient pressure;
a waste container defining a collection Volume for collec
tion of materials that may be drained from said target
Volume in fluid communication with at least one of said

vacuum pump and said inlet arrangement; and
a passive pressure regulation system for passively regulat
ing said working pressure, said passive pressure regula
tion system configured to be driven directly in an unpow
ered manner by a pressure difference across the pressure
regulation system being within or exceeding a predeter

mined threshold, and said passive pressure regulation
system being in direct fluid communication with said
Suction head upstream of the said waste container.
40. A vacuum system according to claim 39, wherein said
pressure regulation system comprises a venting valve
arrangementadapted for enabling ingress of external ambient
air into the system responsive to a reduction in said working
pressure below a predetermined datum pressure with respect
to said external ambient pressure and for discontinuing said
ingress when said datum pressure is restored.
41. A vacuum system according to claim 40, wherein said
venting valve arrangement comprises an inlet port having a
valve seat and in fluid communication with said ambient air,

an outlet port in fluid communication with said vacuum sys
tem, and a valve seal biased for sealingly closing with respect
to said valve seat by means of a resilient element generating
a biasing force of magnitude Substantially less than and in a
direction generally opposed to a pressure-induced force act
ing on said valve seal when said working pressure is less than
said datum pressure.
42. A vacuum system according to claim 40, wherein said
venting valve arrangement comprises an adjustment mecha
nism for adjusting said datum pressure.
43. A vacuum system according to claim 42, wherein said
venting valve arrangement comprises an inlet port in fluid
communication with said ambient air and an outlet port in
fluid communication with said vacuum system, and a valve
seal biased for sealingly closing said inlet port by means of a
resilient element generating a biasing force of magnitude
Substantially less than and in a direction generally opposed to
a pressure-induced force acting on said valve seal when said
working pressure is less than said datum pressure, and
wherein said adjustment mechanism comprises a bias adjust
ing arrangement for adjusting the magnitude of said biasing
force.

44. A vacuum system according to claim 43, wherein said
resilient element comprises a compression spring mounted in
a Suitable housing Such as to urge said valve seal towards said
valve seat, and said bias adjusting arrangement comprises a
compression control mechanism for adjusting the compres
sion of said spring.
45. A vacuum system according to claim 39, wherein said
pressure regulation system is connected to said Suction head
permitting selective fluid communication between said target
Volume and said external ambient air, enabling ingress of
external ambient air into said target Volume responsive to a
reduction in said working pressure below a predetermined
datum pressure and discontinuing said ingress when said
datum pressure is restored.
46. A vacuum system according to claim 45, wherein said
pressure regulation system is connected to said Suction head
via a suitable conduit.

47. A vacuum system according to claim 46, wherein said
pressure regulation system is in selective fluid communica
tion with an outlet port of said vacuum pump and said external
ambient air such as to allow ingress of at least one of fluid
from said vacuum pump outlet port and said external ambient
air when said working pressure is below said datum pressure.
48. A vacuum system according to claim 39, wherein said
vacuum pump comprises a pump head releasably operatively
coupled to a pump drive unit, wherein said pump head is one
of fixed to and integral with said waste container.
49. A vacuum system according to claim 48, wherein said
pump head comprises a pump inlet port and a pump outlet
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port, and further comprises a suitable deformable diaphragm
arrangement, reciprocable by means of said pump drive unit,
to induce said working pressure in said vacuum system.
50. A vacuum system according to claim 49, wherein said
drive unit comprises a reciprocation drive for driving a recip
rocating member, and said diaphragm is releasably engagable
with said reciprocating member responsive said pump head
being coupled to said pump unit.
51. A vacuum system according to claim 50, wherein said
reciprocating member and said diaphragm are conformally
shaped such that when coupled one with the other a vacuum
is created therebetween.

52. A vacuum system according to claim 49, wherein a part
of said pump head is accommodated in said waste container,
wherein said diaphragm 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.

53. A vacuum system according to claim 52, wherein said
pump inlet port is in fluid communication with said Suction
head via a conduit, said pump outlet port is in fluid commu
nication with said collection Volume and wherein said waste
container is vented to said external ambient air.

54. A vacuum system according to claim 52, wherein said
pump inlet port is in fluid communication with said Suction
head via said collection Volume, and said pump outlet port is
vented to said external ambient air.

55. A vacuum system according to claim 54, wherein said
pressure regulation system is operatively connected to said
suction head via a suitable first conduit and wherein said

pressure regulation system is in selective fluid communica
tion with said pump outlet port and said external ambient air
Such as to allow ingress of at least one of fluid from said
vacuum pump outlet port and external ambient air into said
target Volume responsive to a reduction in said working pres
Sure below a predetermined datum pressure and Such as to
discontinue said ingress when said datum pressure is restored.
56. A vacuum system according to claim 55, wherein said
waste container is in fluid communication with said Suction
head via a suitable second conduit.

57. A vacuum system according to claim 56, wherein said
first conduit and said second conduit are in fluid communi
cation one with another.

58. A vacuum system according to claim 52, wherein said
pump head, waste container and Suction head are configured
for being disposable.
59. A vacuum system according to claim 39, wherein said
target Volume is associated with a wound, burn or the like, and
said Suction head comprises an enclosure sealable to a perim
eter of the wound so as to define a confined Volume compris
ing said target Volume.
60. A vacuum system according to claim 39, wherein said
Suction head comprises a drain catheter having at least one
lumen in fluid communication with said pump, and said inlet
arrangement comprises at least one aperture adapted for pro
viding fluid communication between said target Volume and
said at least one lumen.

61. A vacuum system according to claim 39, wherein said
pressure regulation system is in fluid communication with
said Suction head one of actually and effectively upstream of
the said Suction head, Such as to enable, in operation of said
regulator ambient air to flow from the suction head in a
downstream direction to said waste container, or to cause

fluid to flow from the suction head in a downstream direction

to aid waste container, respectively.
62. A method for providing a Sub-ambient pressure to a
medical target Volume, comprising:
(a) inducing a working pressure in said target Volume
below external ambient pressure;
(b) providing a collection volume for collection of drained
materials from said target Volume; and
(c) regulating the working pressure in said target Volume to
provide a positive pressure gradient between said target
Volume and said collection volume such as to aid flow of

said materials from said target Volume to said collection
Volume, wherein said regulation is provided upstream of
said collection Volume.

63. Method according to claim 62, wherein step (c) com
prises allowingingress of external ambient air at or near to the
target Volume responsive to a reduction in said working pres
sure below a predetermined datum pressure with respect to
said external ambient pressure and discontinuing said ingress
when said datum pressure is restored.
64. Method according to claim 63, further comprising
allowing recirculation of fluid between said collection vol
ume and said target Volume together with said ingress of
external ambient air.

65. A kit for use with a vacuum system for providing a
Sub-ambient pressure to a medical target Volume, comprising:
a vacuum pump head adapted for releasable operative con
nection to a 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;

a waste container defining a collection Volume for collec
tion of drained materials in fluid communication with at

least one of said pump inlet and said pump outlet of said
vacuum pump head;
wherein said vacuum pump head is one of attached to or
integral with said waste container Such that at least one
of said pump inlet and said pump outlet is accommo
dated in said collection Volume.

66. A kit according to claim 65, further comprising a Suc
tion head having an inlet arrangement adapted for being in
fluid communication with said target Volume.
67. A kit according to claim 65, wherein said suction head
comprises 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.
68. A kit according to claim 65, wherein said suction head
comprises a drain catheter 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 lumen, said drain catheter being in fluid communication
with at least one of said waste container and said pump inlet.
69. A kit according to claim 65, further comprising a pas
sive pressure regulation system for regulating said working
pressure.

70. A kit according to claim 65, comprising:
a Suction head having an inlet arrangement adapted for
being in fluid communication with said target Volume;
a pump head adapted for being releasably operatively con
nected to a pump drive unit, said pump head comprising
a pump inlet port, a pump outlet port and a Suitable
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deformable diaphragm arrangement adapted for reciprocable operation by means of said pump drive unit
when connected thereto;

a waste container defining a collection Volume for collec
tion of drained materials from said target Volume,
wherein said pump head is one offixed to or integral with
said waste container Such that said pump inlet port and
said pump outlet port are accommodated in said collec
tion Volume, wherein said pump inlet port is in fluid
communication with said Suction head via a conduit

connecting said pump inlet port with said Suction head,
at least a portion of said conduit being accommodated in
said collection volume, wherein said pump outlet port is
adapted for discharging into said collection Volume, and
wherein said waste container is vented to external ambi

ent air, and

a venting valve arrangement mounted to one of said con
duit and Suction head adapted for enabling ingress of
external ambient air into the system responsive to a
reduction in said working pressure below a predeter
mined datum pressure with respect to said external
ambient pressure, such as to induce Suction flow of
materials from said target Volume when in use, and for
discontinuing said ingress when said datum pressure is
restored.

71. A vacuum system according to claim 70, wherein said
diaphragm comprises a Suction cup arrangement for engage
ment with said pump drive unit.
72. A kit according to claim 65, comprising:
a Suction head having an inlet arrangement adapted for
being in fluid communication with said target Volume;

a pump head adapted for being releasably operatively con
nected to a pump drive unit, said pump head comprising
a pump inlet port, a pump outlet port and a Suitable
deformable diaphragm arrangement adapted for recip
rocable operation by means of said pump drive unit
when connected thereto;

a waste container defining a collection Volume for collec
tion of drained materials, wherein said pump head is
fixed to said waste container Such that said pump inlet
port and said pump outlet port are accommodated in said
collection Volume, wherein said pump inlet port is in
fluid communication with said Suction head via said

collection Volume, and said waste container is in fluid
communication with said Suction head via a first con

duit, and wherein said pump outlet port is vented to
external ambient air, and

a venting valve arrangement in fluid communication with
said target Volume via a second conduit, said valve
arrangement being mounted to said waste container and
in selective fluid communication with said pump outlet
port for enabling ingress of at least one of fluid from said
vacuum pump outlet port and external ambient air into
the system responsive to a reduction in said working
pressure below a predetermined datum pressure with
respect to said external ambient pressure, such as to
induce Suction flow of materials from said target Vol
ume, and for discontinuing said ingress when said datum
pressure is restored.
73. A vacuum system according to claim 72, wherein said
diaphragm comprises a Suction cup arrangement for engage
ment with said pump drive unit.
ck

