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Description

[0001] Theinventionrelates toan apparatus for smoke
evacuation and in particular a variable flow apparatus
including a filter for the removal of gases and/or solids
from a body during a laparoscopic surgical procedure.
[0002] During a laparoscopic procedure it is important
to maintain the required degree of pressure within the
body cavity which is subject to leakages of the insufflating
gas around inserted instruments and devices known as
trocars and cannulas which are entered into the abdom-
inal cavity to achieve insufflation of the cavity and to give
access for surgical instruments to the operating site with-
in the cavity. Pressure is generally maintained within the
cavity either by a continuous flow of CO2 into the cavity
through the insufflating port which compensates for the
loss of pressure through leakages or through periodic
bursts of insufflation which restore pressure to a prede-
termined level. Current laparosurgery systems are
equipped with sensors which continually monitor the
pressure and provide the required degree of insufflation
as soon as the pressure drops below a predetermined
level. Animportant requirement of the laparosurgical pro-
cedure is that of removing smoke particulates, vapours
and other materials produced during the act of laser ab-
lation or cauterisation of tissue within the cavity. Such
contaminants obscure the field of view of the surgeon
anditis essential thatthey are evacuatedin a short period
of time in order to avoid delay and interference with the
surgical procedure. The clearance of said contaminants
requires a significant flow of CO2 gas through the cavity
which exits the cavity through a provided exhaust trocar
or cannula where after the exhausted gas and contami-
nants may be passed through a filtration means and ex-
hausted into the ambient air of operating theatre. As will
be seen in the following descriptions of prior art, systems
have been provided which filter the contaminants from
the gas within the cavity without additional flow of gas
through the cavity (see US5709675), re-enter the ex-
hausted gas into the cavity after filtration (see
US4735603) or which dispose of the exhausted gas with-
out filtration into an operating theatre wall vacuum (see
US5578000). However, the practice in general use at the
presenttimeis that of creating additional gas flow through
the cavity, filtering (and deodorising) the exhausted gas
and allowing the filtered and deodorised exhaust to enter
the ambient air of the operating theatre.

[0003] WQO93/25248 is a known medical suction con-
troller jar with a sealed and enclosed float-mechanism
that prevents liquids from being drawn in to a vacuum
system. US6592543 and GB2471650 disclose a fluid
flow regulator.

[0004] U.S. Patent 4735603 (Goodson et al) appears
to disclose a smoke evacuating system for use during
surgical procedures, particularly minimally invasive pro-
cedures involving the use of a laser or cauterizing instru-
ment at a surgical site having an associated higher than
ambient pressure, wherein the system includes a filter
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with a site side and an outlet side and a fluid conduit
extending between the surgical site and the filter. The
filter exhibits low resistance or a low pressure drop and
resists fluid flow, whereby the higher than ambient pres-
sure is not substantially diminished and generates a fluid
flow in the fluid flow path tending to carry smoke to and
through the filter. This system enables a continuous input
of CO2 at a relatively low flow rate sufficient to maintain
the required degree of pressure in the operating cavity
and to compensate for leakage of the gas from the var-
ious trocar entry sites. The removal of smoke and other
contaminants from the operating site is achieved by pas-
sage of the exhaust gas emerging from an exhaust trocar
through a filter before returning it to the input trocar. This
system being capable of only limited flow rates of the
exhaust gas through the filter suffers from slow clearance
of smoke from the operating sites which limits the work
rate of the surgeon while waiting for clearance of the vis-
ual field.

[0005] U.S. Patent 5578000 (Greff) appears to dis-
close a laparoscopic smoke evacuation system for re-
moving surgical smoke containing undesirable contam-
inants, including a trocar having aworking channel adapt-
ed to provide access to an operative site and a stopcock
communicating with the working channel. A source of
vacuum is coupled through afluid conduit to the stopcock
toremove the smoke. Filtration is provided along the fluid
conduit

toremove the undesirable contaminants and the residual
gas is exhausted to the room or the source of vacuum.
A liquid collector can also be disposed along the fluid
conduit together with valve means which is either me-
chanically or electrically operable to control application
of suction to the trocar. While this patent relies on a pow-
erful wall vacuum source usually available in an operating
theatre or alternatively a mobile vacuum system with in-
built filtration, problems continue to arise from imbalanc-
es created when the smoke clearing vacuum is applied
to the operating cavity as the gas exhausting to the room
or to a wall source must be replenished by the CO2 input
and if a rapid clearance is required a substantial flow rate
of gas will be established through the operating cavity
with the attendant problem of cooling and drying of tissue
within the body cavity.

[0006] US 5722962 (Garcia) appears to describe a tro-
car assembly for exhausting gas from a body cavity com-
prising a trocar having a housing with a flow passage
therethrough which terminates in an outlet fitting, and a
filter mounted thereon. The filter includes a housing with
achamber, and aninletand an outlet which communicate
with opposite sides of the chamber to provide a flow pas-
sage therethrough. About the inlet is a fitting and there
is a means on the inlet fitting of mounting the filter on the
outlet fitting of the trocar housing. Within the chamber is
a filter means so that effluent gas passing through the
trocar flows through the filter means prior to exiting
through the outlet of the filter. This system relies on the
high ambient pressure in the operating cavity to provide
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flow through the filter component when it is desired to
remove smoke from the cavity the said exhausted gas is
made up by a further input of gas through the insufflating
trocar. Thus the flow rate of exhaust gas is limited by the
extent to which the pressure in the operating cavity may
be reduced before the cavity begins to collapse and the
re-insufflation makes up the loss. If the re-insufflation is
automatically switched on as pressure in the cavity be-
gins to drop, which is the case in known laparosurgical
operating systems, the rate of exhaust flow will either be
constant due to the selection of a particular filter or a
means of controlling the exhaust flow such as a ratchet
clamp or a stopcock must be provided at some point
along the conduit which must be opened to the extent
required to create the required increased exhaust flow
rate. The adjustment of flow rates using flow limiting de-
vices such as stop cocks or ratchet clamps is unsatisfac-
tory as the said stop cocks or ratchet clamps are not
intended for the controlled reduction or increase of flow
required for relatively short periods of smoke and con-
taminant clearing described.

[0007] US 5709675 (Williams) appears to disclose a
smoke reducing device for use in minimally invasive sur-
gery including a housing having an inlet opening from an
outlet opening. The housingis sized to fit through a trocar
opening that leads to a body cavity. A filter is positioned
within the housing between the inlet and outlet openings.
An air flow generator is located within the housing and
is positioned to draw air in through the inlet opening,
pulled through the filter, and exhausted through the outlet
opening to draw any smoke created during minimally in-
vasive surgery through the filter. The smoke reducing
device may form part of an electrocautery device such
that smoke created during minimally invasive surgery can
be filtered internally within the body cavity. In this case
the smoke evacuating device is independent of the in-
sufflation system having its own gas input and extraction
after passing through an internal filter. As the input and
extraction ports are contained within the body cavity the
device is effectively circulating gas that is contained with-
in the body cavity through its internal disposable filtration
system and therefore has no impact on the flow rates
and pressures developed by the insufflation system. It
appears from the dimensions of the device that it is un-
likely to provide a flow rate between the input and exhaust
ports sufficient to achieve an acceptable rate of smoke
extraction which will provide for the surgeon a rapid clear-
ance of smoke and vapours so as to permit minimal de-
lays in the surgical procedure.

[0008] EP1039961 (Drogue) appears to describe a
smoke evacuating system for use during surgical proce-
dures, particularly minimally invasive procedures involv-
ingthe use of alaser or a cauterisation device ata surgical
site having an associated higher than ambient pressure,
wherein the system includes a filter with a site side and
an outlet side and a fluid conduit extending between the
surgical site and the filter. The filter exhibits low resist-
ance or a low pressure drop and resists fluid flow, where-
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by the higher than ambient pressure is not substantially
diminished and generates a fluid flow in the fluid flow
path tending to carry smoke to and through the filter. This
patent has in common with all other patents discussed
herein the passage of gas contaminated with smoke, va-
pour and other impurities which result from laparoscopic
laser and or cauterizing surgical procedures, through a
filter in order to remove said impurities before exhausting
the cleaned gas either into the said body cavity or the
operating theatre environment or into a vacuum extrac-
tion system. It again appears to exhibit the defect of a
stable flow rate which is insufficient to provide rapid clear-
ance of smoke and other impurities required during
laparosurgical procedures.

[0009] Few details ofthefilter construction such as size
and porosity are included in any of the above patents as
the filters used in connection with laparoscopic surgical
procedures are freely available and well known to those
skilled in the art. In any event the flow rate through any
filter and the resulting pressure drop across the said filter
is determined by a group of parameters including the
porosity of the filter materials, the cross sectional area
and thickness of the filter membrane(s) and the pressure
and flow rate of gas which is presented at the filter inlet
port.

[0010] In addition, as the available flow rates have in-
creased significantly since the beginning of the laparo-
surgical art, means such as stop cocks or ratchet clamps
are generally employed to allow increased flow rates at
particular times during the operative procedure in order
to allow a rapid clearance of smoke and vapours which
may be obstructing the visual field of the surgeon imme-
diately following a period of laser or cauterizing activity.
The adjustment of flow rates using flow limiting devices
such as stop cocks or ratchet clamps is unsatisfactory
as these devices are not intended for the controlled re-
duction or increase of flow required for relatively short
periods of evacuation of smoke and other impurities.
[0011] An example of the development of the laparo-
surgical art in particular relation to increased insufflation
pressures and flow rates is evident in US 6592543. This
patent describes a fluid flow regulator of a smoke evac-
uation system for use with laparoscopic and endoscopic
surgery. The fluid flow regulator is comprised of a de-
tachable diaphragm with one or more orifices of prede-
termined diameter to provide a significant obstruction to
the flow of fluid through the evacuation system. When
operatively coupled to the pressurized surgical site, the
fluid flow regulator makes possible the continuous evac-
uation of surgical smoke while simultaneously maintain-
ing the pneumoperitoneum in a distended position for the
duration of the laparoscopic procedure.

[0012] The inventors have considered the known
smoke/vapour/odour removal filters as mentioned in the
above referenced prior art and, in particular, EP1039961,
which may be placed in the conduit of exhaust gas from
the operating cavity in order to remove smoke, vapours,
odours and other impurities. Said smoke removal filter
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did not in practice provide a sufficient resistance to limit
continuous flow exhaust from a surgical site to an ac-
ceptable value given the level of insufflation pressure
maintained in the operating cavity. The inventors subse-
quently modified EP1039961 to introduce a simple flow
restriction member, or diaphragm, to the exhaust port of
the filter thereby achieving a fixed flow rate lower than
that provided by the filter alone and acceptable in general
use to provide such rate as had been previously dis-
closed. However, the reduced but constant rate proved
inadequate regulation in situations where a rapid clear-
ance of smoke was required to provide the surgeon with
improved visibility. Therefore, the diaphragm could be
temporarily removed from the filter outlet port to allow a
faster flow rate. This removal and replacement of a small
diaphragmis clearly an inadequate and poorly controlled
method of regulating flow during an operating procedure.
[0013] The present invention aims to permit the ex-
haust gas originating from the operating cavity to flow
through the exhaustfilter at different flow rates depending
on whether such exhaust gas results from a continuous
background insufflation flow or whether it is the result of
a short period of purging flow at higher flow volume which
is required in order to provide rapid removal of smoke
and other impurities from the visual field of the surgeon.
Claim 1 defines the invention and the dependent claims
disclose the preferred embodiments.

[0014] Accordingly the invention provides an appara-
tus comprised of one or more filter elements enclosed in
afilter housing incorporating a novel variable flow control
device, which can be quickly and conveniently used to
produce a controlled increased flow rate and instantly
returned to the predetermined background flow rate upon
completion of the purging action. During the purging ac-
tion pressure is maintained in the body cavity by auto-
matic inflow of insufflating gas. A variable flow regulator
can allow the adjustment of the flow rate of the gas pass-
ing through the said apparatus.

[0015] According to one aspect, the invention gener-
ally resides in an apparatus configured for use in the
evacuation of smoke and other contaminants from a
laparosurgical operating site, wherein the filter has an
integral variable flow control mechanism, wherein said
flow control mechanism is manually operable or control-
lable.

[0016] The mechanism can be configured to be within
the housing of the filter to inhibit any risk of contamination.
The mechanism can be positioned upstream of the filter
i.e. between the surgical site and the filter. The mecha-
nism can be positioned upstream of the filteri.e. between
the surgical site and the filter to enable the flow rate to
be controlled before exhaust gas reaches the filter. Al-
ternatively, the mechanism can be positioned down-
stream of the filter to inhibit fouling of the mechanism
from contaminants. The invention can reside in a smoke
evacuation apparatus, the apparatus having: a housing
having aninlet and an outlet, and configured to allow fluid
communication between the inlet and outlet; a filter com-
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ponent arranged between the inlet and the outlet for fil-
tering surgical smoke; a structure, having an aperture for
providing a channel for fluid flow

between the inlet and outlet; and a closure configured to
releasably engage with the structure, wherein the hous-
ing is configured to be movable, in relation to the closure
or the structure, between (i) a first position in which there
is fluid communication between and through the channel
and (ii) a second position in which the structure and the
closure engage to inhibit fluid flow through the housing.
The movement of the housing provides variable flow reg-
ulation.

[0017] The structure and the closure arrangement can
be provided on the inlet side or the outlet side or on both
the inlet and outlet side of the housing.

[0018] The structure can be a tubular component con-
figured to threadedly engage with the inlet and/or outlet
for connection to a flexible fluid conduit for connection to
a surgical site, and the closure is arranged within the
housing. The closure can be configured on a supporting
element to enable fluid flow therearound in the first po-
sition.

[0019] The structure can be arranged within the hous-
ing and have a seat arranged around the aperture for
engagement with the closure, which is configured as a
plug and threadedly engages with the inlet. The closure
can have an aperture configured to enable fluid flow be-
tween the inlet and the outlet in the first position.

[0020] A linear relationship can exists between the
movement of the housing in relation to the closure or the
structure and the size of the aperture. Alternatively, a
non-linear relationship can be configured. The aperture
can be substantially circular and the closure is preferably
of a conical or curved conical cross section. The structure
and closure can be configured to provide a flow limitation
between the inlet and/or outlet and the filter.

[0021] According to another aspect, the invention can
reside in an apparatus being a filter housing containing
one or more filtration elements. Said filter housing is gen-
erally formed from two mating components which can be
bonded or otherwise fitted together after positioning of
filter elements in one of the said mating components.
Said filter housing is provided with a tubular inlet and an
integral outlet port, said ports configured to allow fluid
communication between the inlet and outlet of the filter
housing through the said filtration elements. The said tu-
bular inlet port is inserted into the filter housing by means
of a threaded section on said tubular inlet port which en-
gages with a matching threaded section on the inlet side
of the filter housing so that said tubular inlet port may be
moved towards or away from the centre of said filter hous-
ing by rotation of said apparatus relative to said tubular
input port. There is additionally provided within the inlet
side of the filter housing a supporting structure which
carries at its centre a solid form or "plug" capable of pro-
gressively closing the aperture of the tubular input port
as the said input port is advanced by rotation of the ap-
paratus relative to the said input port along the screwed
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section of the filter housing towards the centre of the filter
housing. Conversely, rotation of the said apparatus in
the opposite direction (away from the centre of the filter
housing) will progressively open the said aperture of the
said tubular input port. The aperture of the tubular input
port is circular and the shape of the plug which progres-
sively enters the aperture of the tubular input port is sub-
stantially conical.

[0022] According to the another aspect, the arrange-
ment with associated threaded tubular port and integral
port may be reversed so that the threaded tubular port
engages with a threaded section on the outlet side of the
filter housing and the integral port is on the input side of
the filter housing which connects to a fluid conduit and
thereby to the trocar which allows the exhaust gas to exit
the operating site. In this case the supporting structure
which carries at its centre the solid form or "plug" is lo-
cated within the output side of the filter housing between
the filter elements and the tubular output port and the
movement of the tubular output port towards or away
from the centre of the apparatus is achieved by rotation
of the tubular output port which relative to the apparatus.
[0023] By arrangement of the pitch of the threads on
the outside of the tubular port and the inside of the filter
housing, the apparatus can be configured to provide a
rapid closing of the aperture of the tubular input (or out-
put) port with a minimal rotation of the tubular port relative
to the apparatus or the closure may be more gradual
requiring one or more full turns of the filter housing (or
tubular port) to move from a fully open to a fully closed
aperture.

[0024] Although the tubular port and housing have
been described above having a threaded interface, the
tubular port can additionally or alternatively be provided
with amechanism configured to enable sliding movement
of the tubular port with respect to the housing. A linear
movement can enable a rapid change in the flow rate.
The linear movement can be substantially in the direction
of the axis passing through the centre of the housing.
[0025] A mechanism configured to enable sliding
movement of the tubular port with respect to the housing
can be configured with stops or reference points such
that a user has, for example, haptic feedback to indicate
the extent of the linear movement. Two stops can be
provided to indicate, for example, that the flow rate has
been stopped (first position) and the flow rate is maxim-
ised (second position). A mechanism configured to ena-
ble sliding movement of the tubular port with respect to
the housing can have lower production costs because
the complexity of the tool manufacture is reduced. The
mechanism can have a slide-rod and securing means,
such as a cam, for releasably securing the position of
tubular port with respect to the housing.

[0026] The tubular port and the filter housing may ad-
vantageously bear reference marks indicating the fully
open, half open and fully closed positions of the aperture
ofthe tubular port. Said tubular port and said filter housing
may additionally be provided with limiting stops at the
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fully open and fully closed positions of the aperture of the
tubular port facilitating rapid adjustment of the filter hous-
ing between fully closed and fully open conditions of the
said aperture.

[0027] In order that the invention can be more readily
understood, reference will now be made, by way of ex-
ample, to the drawings in which:

Figure 1 is cross-sectional view of a filter in accord-
ance with the invention, while Figure 1a is a detailed
view of the inlet of Figure 1 and Figure 1b is a cross-
section (lI-11) through a portion of the filter shown in
Figure 1

Figure 2 is cross-sectional view of another filter in
accordance with the invention, while Figure 2a is a
detailed view of the inlet of Figure 2 and Figure 2b
is a cross section (lI-1) through a portion of the Figure
2.

[0028] Referringto Figures 1, 1a, 1b and 2, 2a and 2b,
the apparatus has a filter component having a housing
10 having an inlet 12 and an outlet 14. Arranged between
the inlet and outlet is a filter 16 mounted in the housing.
The filter can have one or more filter layers for removing
smoke, odour and other contaminants from a fluid flow
passing from the inlet to the outlet. The housing is sub-
stantially cylindrical with cone-shaped ends, which can
be shallow in depth, with the inlet and outlet located at
said ends. The inlet and outlet are arranged to define a
substantially linear axis 18 extending through housing.
[0029] The inlet 12 is provided with a threaded portion
20 for receiving a corresponding threaded portion of a
tubular structure 22. The tube has an aperture 22a within
the housing 10 and an aperture 22b outside the housing.
[0030] The tube is configured to threadably engage
with the inlet 12 of the housing 10. Movement, or rotation,
of the tube with respect to the housing causes the tube
to move in or out of the housing along the axis 18. The
length of the tube is configured such that it can extend
from inside the housing to outside the housing for con-
nection to a flexible conduit 24. The flexible conduit 24
can be connected to a surgical site either via a trocar or
cannula.

[0031] Within the housing 10, a supporting element 26
spans the interior of the housing 10 and is configured to
support a closure member, or plug 28, within the space
between the inlet 10 and the filter 16. By way of example
four equally spaced arms extend from the side of the
interior wall of the housing to support the plug. The plug
is substantially cone-shaped and the central axis of the
cone is aligned with the axis 18 of the housing. The sup-
porting element and/or plug can be a separate compo-
nent removably fitted to the housing.

[0032] Rotation of the tube 22 within the inlet 12 causes
the tube to move in to or out of the housing 10. The plug
28 is configured such that the tube can be moved against
the plug to close the aperture 22a of the tube thus inhib-
iting fluid flow from the inlet 12 to the outlet 14. The ap-
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erture can be configured with a seat for engaging with
the plug.

[0033] Inuse, the flexible conduit24 would be connect-
ed to a pressurised surgical site via, for example, a trocar.
Gas and smoke flowing from the site would flow from the
conduit and into the tube 22 and out of the aperture 22a.
In an open position, fluid flows around the plug and past
the supporting element 26 towards the filter. The cross-
sectional form of the supporting elements 26 can be con-
figured to minimise obstruction to the fluid flow. The fluid
passes, at least in part, through the filter 16 and exits the
housing 10 via the outlet 14.

[0034] The position of the plug 28 in relation to the ap-
erture 22a determines the flow rate around the plug. Ro-
tation of the housing 10 in one direction with respect to
the tube 22 causes the tube to move into the housing
and towards the plug 28. As the aperture 22a at the end
of the tube approaches and moves over the plug the fluid
flow becomes restricted. Restriction of the fluid flow in-
creases until the plug effectively closes the aperture 22a
thus preventing fluid flow into the housing 10.

[0035] There can be a linear relationship between the
rotation of the housing 10 with respect to the tube 22.
Alternatively, the plug can be shaped such that there is
a non-linear relationship between rotation and flow reg-
ulation. A non-linear relationship can be provided across
a range of movement to enable a rapid change in the
flow rate e.g. for rapid shut-off capability.

[0036] By way of example, a surgeon looking to adjust
the pressure within the surgical site can adjust the appa-
ratus of the invention to increase or decrease the fluid
flow from the site. To do so, the surgeon would take hold
of the fluid conduit 10 in one hand and rotate the filter
housing relative to the fluid conduit with the other hand.
Rotation ofthe housing 10in a clockwise direction relative
to the fluid conduit moves the tube 22 closer to the plug
28 while an anticlockwise rotation moves the plug 28 fur-
ther away from the tube 22.

[0037] Thefilter can be provided with a support means,
such as a stand, that improves the ergonomic handling
of the filter to facilitate rotation of the housing 10 with
respect to the tube 24. This improves the operation of
the filter and adjustment of flow regulation during surgery.
By way of example, when a surgeon requires a short
period of rapidly increased flow in order to clear the visual
field inside the operating cavity, the surgeon, or more
likely a theatre assistant, can rotate the filter housing rel-
ative to the inlet port so as to increase the flow until clarity
of the surgeons visual field is achieved at which point the
filter housing or can be returned to its original position.
During the period of increased flow the pressure within
the operating cavity is maintained at a predetermined
level by automatic operation of the insufflations system
controlled by a pressure sensor located in the flow path
of the CO, into the operating cavity.

[0038] Integrally moulded stops can limit the move-
ment of the tube 22 to inhibit damage to the plug 28 and
support element 26, or inhibit detachment of the housing
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from the tube. Additionally or alternatively, indentations
or mechanical indicators can be configured to provide
haptic and/or audible feedback on the position of the tube
with respect to the plug. By way of example, each 90-
degree rotation would result in an audible 'click’ sound
indicating that the flow rate had changed by 10%.
[0039] Overall, the apparatus provides a filter housing
with suitable filter elements and an integral variable flow
adjustment system. This permits precise adjustment of
flow by means of an obstruction element (plug) posi-
tioned concentrically with the flow inlet at the aperture
22a. The threaded portion 20 of the filter housing facili-
tates smooth controllable movement of the tube 22.
[0040] The housing and/or tube 22 can be marked with
indications such that the relative flow-rate can be read
for a given position.

[0041] In an alternative configuration, the flexible con-
duit 24 can be connected to the housing 10 via a fixed
inlet conduit and the tube 22, supporting element 26 and
the plug 28 are arranged on the outlet side of system. To
be clear, the plug is arranged between the filter and the
outlet 14.

[0042] The structural features, operation and function
of the components operation is the same as described
above except that, in use, the flexible conduit 24 would
be connected to a pressurised surgical site via, for ex-
ample, a trocar. Gas and smoke flowing from the site
would flow from the hose through the outlet and, at least
in part, through the filter 16.

[0043] In an open position, fluid flows around the plug
28 and past the supporting element 26 towards the tube
22, which is threadably arranged on the outlet 14, and
out of the apparatus.

[0044] The position of the plug 28 in relation to the ap-
erture 22a of the tube 22 determines the flow rate around
the plug in the same way as described for Figure 1. In
the embodiment, the tube can be rotated with respect to
the housing such that the tube 22 moves into the housing
and towards the plug 28. As the aperture 22a at the end
of the tube approaches and moves over the plug the fluid
flow becomes restricted. Restriction of the fluid flow in-
creases until the plug effectively closes the aperture 22a
thus preventing fluid flow into the housing 10.

[0045] Figure 2 shows another configuration of the in-
vention. Like features are described using like numerals.
The filter apparatus has a filter component 8 having a
housing 10, inlet 12, outlet 14 and filter 16, as per the
arrangement of Figure 1.

[0046] The inlet 12 is provided with a threaded portion
20 for receiving a corresponding threaded portion of a
tubular component 22. The tubular component has an
aperture 22a within the housing 10 and an aperture 22b
outside the housing. The end of the tube located within
the housing 10 is closed. Said end is substantially cone-
shaped.

[0047] The tube is configured to threadably engage
with the inlet 12 of the housing 10. Movement, or rotation,
of the housing with respect to the tube causes the tube
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to move in or out of the housing. The length of the tube
is configured such thatit can extend from inside the hous-
ing to outside the housing for connection to a tubular
conduit 24. The tubular conduit 24 can be connected to
a surgical site via a trocar or a cannula.

[0048] In a similar manner to Figure 1, the cone-
shaped plug 28, now located on the end of the tube 22,
is aligned with the axis 18 of the housing.

[0049] Within the housing 10, a supporting element 26
spans the interior of the housing 10 and is configured to
provide a port 30 between the inlet 12 and the filter 16.
The support 26 forms a barrier to restrict fluid flow from
the inlet to the filter to pass through the port 30.

[0050] Rotationofthe tube 22 withinthe inlet 12 causes
the tube to move in to or out of the housing 10. The tube
22is configured such thatthe plug 28 whichis now formed
by the end closure of the tubular member 22 can be
moved into the port 30 to close the port thus inhibiting
fluid flow from the inlet 12 to the outlet 14. The port 30
can be provided with a seat to engage with the plug.
[0051] In use, the filter is configured in the same man-
ner as per Figure 1. In an open position, fluid flows
through the tube 22 and out of the aperture 22a and
around the plug 28 and through the port 30 towards the
filter. The fluid passes, at least in part, through the filter
16 and exits the housing 10 via the outlet 14.

[0052] The position of the plug 28 in relation to the port
30 determines the flow rate around the plug. Rotation of
the housing 10 in one direction with respect to the tube
22 causes the tube to move into the housing such that
the plug 28 at the end of the tube approaches the port
the fluid flow becomes restricted. Restriction of the fluid
flow increases until the plug effectively closes the port
thus preventing fluid flow into the housing 10.

[0053] The function of the plug 28 and aperture 22a of
Figure 1 is analogous to the plug 28 and port 30 of Figure
3 and, therefore, the teaching associated with Figure 1
similarly applies to Figure 2.

[0054] The apparatus can also be configured for ap-
plications in which the regulation of flow control is re-
quired when filtering liquids.

[0055] The present invention has been described
above purely by way of example, and modifications can
be made within the scope of the invention as defined by
the claims, which extends to equivalents of the features
described and combinations of one or more features de-
scribed herein.

Claims

1. Afilter (16) apparatus configured for use in the evac-
uation of smoke and other contaminants from a
laparosurgical operating site incorporating an inter-
nal variable flow control mechanism (22a, 28, 30),
wherein said flow control mechanism is manually op-
erable or controllable, the apparatus having:

10

15

20

25

30

35

40

45

50

55

a housing (10) having an inlet (12) and an outlet
(14), and configured to allow fluid communica-
tion between the inlet and outlet;

a filter (16) component arranged between the
inlet and the outlet for filtering surgical smoke;
a structure (22), having an aperture (22a, 30)
for providing a channel for fluid flow between the
inlet and outlet; and

a closure (28) configured to releasably engage
with the structure (22),

wherein the housing (10) is configured to be ro-
tatable, inrelation to the closure (28) or the struc-
ture (22), between (i) a first position in which
there is fluid communication between and
through the channel and (ii) a second position
in which the structure and the closure engage
to inhibit fluid flow through the housing, charac-
terised

wherein there is a linear relationship be-
tween the movement of the housing in re-
lation to the closure or the structure and the
size of the aperture (22a, 30), and
wherein the aperture (22a, 30) is substan-
tially circular and the closure is substantially
cone-shaped.

An apparatus according to claim 1, wherein the struc-
ture is a tubular member (22) configured to movably,
engage with the inlet and/or outlet for connection to
a flexible tubular conduit (24) for connection to a sur-
gical site, and the closure is arranged within the
housing.

An apparatus according to claim 2, wherein the clo-
sure (28) is configured on a supporting element (26)
to enable fluid flow therearound in the first position.

An apparatus according to claim 1, wherein the struc-
ture (22) is arranged within the housing and has a
seat arranged around the aperture for engagement
with the closure, which is configured as a plug (28)
and movably, engages with the inlet (12).

An apparatus according to claim 4, wherein the clo-
sure (28) has an aperture configured to enable fluid
flow between the inlet and the outlet in the first po-
sition.

An apparatus according to claim 1, wherein the ap-
paratus has:

a housing (10) having an inlet (12) and an outlet
(14) configured to allow fluid communication be-
tween the inlet and outlet;

one or more filtration elements (16) arranged
between the inlet and the outlet for filtering sur-
gical smoke and other impurities emanating
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from a surgical site; and

atubularinput, oroutput, porthaving an aperture
providing a channel for fluid flow between the
inlet and outlet which is movably, engaged with
a tubular input, or output, member configured to
move along the axis of the apparatus towards
or away from the centre of the said assembly;
and

a closure in the form of a plug (28) positioned
on the axis of the apparatus and supported by
two or more radial arms extending from the filter
housing, said tubular input, or output, port en-
gages with said plug at limit of its travel along
the axis of said apparatus towards the centre of
said apparatus thereby inhibiting fluid flow be-
tween filter housing input and output, wherein
movement of said tubular input, or output, mem-
ber along the axis of the apparatus in a direction
away from the centre of the apparatus progres-
sively opens said aperture of said tubular inlet
or outlet port to point of maximum flow rate be-
tween input and output of apparatus.

An apparatus according to claim 6, wherein the linear
relationship between the movement of the said tu-
bular input or output member in relation to the said
plug and the resulting cross sectional area of the
aperture of the tubular input port is provided by a
threaded engagement.

An apparatus according to claim 7, wherein the
threaded tubular input or outlet member is closed at
one end by a conical form and is provided with open-
ings along an unthreaded section of the said tubular
output member to allow fluid flow into or out of said
tubular member.

An apparatus according to Claim 8, wherein the sup-
port structure and plug is replaced by a baffle at-
tached to the filter housing with a central aperture
into which said conical form enters by movement of
the tubular input or output member along an axis of
said apparatus thereby progressively closing said
central aperture and said baffle.

An apparatus according to Claim 8, wherein the in-
ternal variable flow control system has an aperture
and a closure and wherein the movement of the clo-
sure relative to the aperture is configured in equal
incremental steps.

A smoke evacuation system, the system having: a
first component having a filter apparatus according
to any preceding claim; a second component having:
a housing having an inlet and an outlet, and config-
ured to allow fluid communication between the inlet
and outlet; and a filter component arranged between
the inlet and the outlet for filtering surgical smoke,
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wherein the first component and the second compo-
nent are connected in series.

12. A smoke evacuation kit, the kit having a filter appa-

ratus according to any preceding claim.

Patentanspriiche

1.

Filter(16)-Vorrichtung, die zur Verwendung beim Ab-
saugen von Rauch und anderen Verunreinigungen
von einer laparochirugischen Operationsstelle kon-
figuriert ist, die einen internen variablen Strémungs-
regelungsmechanismus (22a, 28, 30) beinhaltet,
wobei der Strdmungsregelungsmechanismus ma-
nuell betatigbar oder regelbar ist, wobei die Vorrich-
tung Folgendes aufweist:

ein Gehause (10), das einen Einlass (12) und
einen Auslass (14) aufweist und dazu konfigu-
riert ist, den Fluidaustausch zwischen dem Ein-
lass und dem Auslass zu erméglichen;

eine Filter(16)-Komponente, die zwischen dem
Einlass und dem Auslass angeordnetist, um chi-
rurgischen Rauch zu filtern;

ein Gebilde (22) mit einer Offnung (22a, 30) zum
Bereitstellen eines Kanals fiir den Fluidstrom
zwischen dem Einlass und dem Auslass; und
einen Verschluss (28), der fiir den I6sbaren Ein-
griff mit dem Gebilde (22) konfiguriert ist,
wobei das Gehause (10) dazu konfiguriertist, in
Bezug aufden Verschluss (28) oder das Gebilde
(22) drehbar zu sein zwischen (i) einer ersten
Stellung, in der ein Fluidaustausch dazwischen
und durch den Kanal vorliegt, und (ii) einer zwei-
ten Stellung, in der sich das Gebilde und der
Verschluss im Eingriff befinden, um den Fluid-
strom durch das Gehause zu verhindern, ge-
kennzeichnet

wobei eine linear Beziehung zwischen der Be-
wegung des Gehauses in Bezug auf den Ver-
schluss oder das Gebilde und der GréRe der
Offnung (22a, 30) vorliegt, und

wobei die Offnung (22a, 30) im Wesentlichen
kreisférmig ist und der Verschluss im Wesentli-
chen kegelférmig ist.

Vorrichtung nach Anspruch 1, wobei es sich bei dem
Gebilde um ein réhrenférmiges Element (22) han-
delt, das zur Verbindung mit einer biegsamen réh-
renformigen Leitung (24) zur Verbindung mit einer
Operationsstelle fir den beweglichen Eingriff mit
dem Einlass und/oder dem Auslass konfiguriert ist,
und der Verschluss in dem Gehduse angeordnet ist.

Vorrichtung nach Anspruch 2, wobei der Verschluss
(28) an einem Stiitzelement (26) konfiguriert ist, um
den Fluidstrom darum herum in der ersten Stellung
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zu ermdglichen.

Vorrichtung nach Anspruch 1, wobei das Gebilde
(22) in dem Gehause angeordnet ist und einen Sitz
aufweist, der um die (")ffnung herum angeordnet ist,
um sich mit dem Verschluss im Eingriff zu befinden,
der als Stopfen (28) konfiguriert ist und sich mit dem
Einlass (12) beweglich im Eingriff befindet.

Vorrichtung nach Anspruch 4, wobei der Verschluss
(28) eine Offnung aufweist, die dazu konfiguriert ist,
den Fluidstrom zwischen dem Einlass und dem Aus-
lass in der ersten Stellung zu ermdglichen.

Vorrichtung nach Anspruch 1, wobei die Vorrichtung
Folgendes aufweist:

ein Gehause (10) mit einem Einlass (12) und
einem Auslass (14), das dazu konfiguriert ist,
den Fluidaustausch zwischen dem Einlass und
dem Auslass zu ermdglichen;

ein oder mehrere zwischen dem Einlass und
dem Auslass angeordnete Filtrationselemente
(16) zum Filtern von chirurgischem Rauch und
anderen von einer Operationsstelle ausgehen-
den Verunreinigungen; und

einen réhrenférmigen Eingangs- oder Aus-
gangsanschluss mit einer Offnung, die einen
Kanal fiir den Fluidstrom zwischen dem Einlass
und dem Auslass bereitstellt, der sich mit einem
réhrenférmigen Eingangs- oder Ausgangsele-
ment beweglich im Eingriff befindet, das dazu
konfiguriert ist, sich entlang der Achse der Vor-
richtung in Richtung der Mitte der Anordnung
oder davon weg zu bewegen; und

einen Verschluss in Form eines Stopfens (28),
der auf der Achse der Vorrichtung positioniert
ist und von zwei oder mehr sich von dem Filter-
gehause erstreckenden Radialarmen gestitzt
wird, wobei sich der réhrenférmige Eingangs-
oder Ausgangsanschluss in seiner Endlage ent-
lang der Achse der Vorrichtung in Richtung der
Mitte der Vorrichtung mit dem Stopfen im Eingriff
befindet, wodurch der Fluidstrom zwischen dem
Filtergehduseeingang und -ausgang verhindert
wird, wobei die Bewegung des réhrenférmigen
Eingangs- oder Ausgangselements entlang der
Achse der Vorrichtung in einer Richtung weg
von der Mitte der Vorrichtung die Offnung des
réhrenférmigen Einlass- oder Auslassanschlus-
ses bis zu einem Punkt des maximalen Volu-
menstroms zwischen dem Eingang und dem
Ausgang der Vorrichtung fortschreitend 6ffnet.

Vorrichtung nach Anspruch 6, wobei die lineare Be-
ziehung zwischen der Bewegung des réhrenformi-
gen Eingangs-oder Ausgangselements in Bezug auf
den Stopfen und der resultierenden Querschnittsfla-
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10.

1.

12.

che der Offnung des réhrenférmigen Eingangsan-
schlusses durch einen Gewindeeingriff bereitgestellt
wird.

Vorrichtung nach Anspruch 7, wobei das mit Gewin-
de versehene réhrenférmige Eingangs- oder Aus-
gangselement an einem Ende von einer konischen
Form geschlossen wird und entlang eines nicht mit
Gewinde versehenen Abschnitts des réhrenférmi-
gen Ausgangselements mit Lochern versehen ist,
um den Fluidstrom in das oder aus dem réhrenfor-
migen Element zu erméglichen.

Vorrichtung nach Anspruch 8, wobei das Stiitzgebil-
de und der Stopfen durch eine an dem Filtergehduse
angebrachte Leitplatte ersetzt werden, die eine zen-
trale C)ffnung aufweist, in die die konische Form
durch die Bewegung des réhrenférmigen Eingangs-
oder Ausgangselements entlang einer Achse der
Vorrichtung eintritt, wodurch die zentrale Offnung
und die Leitplatte fortschreitend geschlossen wer-
den.

Vorrichtung nach Anspruch 8, wobei das innere va-
riable Strémungsregelsystem eine Offnung und ei-
nen Verschluss aufweist, und wobei die Bewegung
des Verschlusses relativ zu der Offnung in gleichen
inkrementellen Schritten konfiguriert ist.

Rauchabsaugsystem, wobei das System Folgendes
aufweist: eine erste Komponente mit einer Filtervor-
richtung nach einem der vorangehenden Anspri-
che; eine zweite Komponente, die Folgendes auf-
weist: ein Gehause, das einen Einlass und einen
Auslass aufweist und dazu konfiguriert ist, den Flu-
idaustausch zwischen dem Einlass und dem Aus-
lass zu ermdglichen; und eine zwischen dem Einlass
und dem Auslass angeordnete Filterkomponente
zum Filtern von chirurgischem Rauch, wobei die ers-
te Komponente und die zweite Komponente in Reihe
gekoppelt sind.

Rauchabsaug-Set, wobei das Set eine Filtervorrich-
tung nach einem der vorangehenden Anspriiche
aufweist.

Revendications

Appareil de filtre (16) configuré pour étre utilisé dans
I’évacuation de fumée et d’autres contaminants d’un
site opératoire de chirurgie laparoscopique incorpo-
rant un mécanisme de régulation d’écoulement va-
riable interne (22a, 28, 30), dans lequel ledit méca-
nisme de régulation d’écoulement est actionnable
ou contrélable manuellement, I'appareil présentant :

un boitier (10) présentant une entrée (12) etune
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sortie (14), et configuré pour permettre une com-
munication de fluide entre I'entrée et la sortie ;
un composant de filire (16) disposé entre I'en-
trée etla sortie pour filtrer lafumée chirurgicale ;
une structure (22), présentant une ouverture
(22a, 30) pour fournir un canal d’écoulement de
fluide entre I'entrée et la sortie ; et

une fermeture (28) configurée pour se mettre en
prise de maniere libérable avec la structure (22),
dans lequel le boitier (10) est configuré pour
pouvoir tourner, par rapport a la fermeture (28)
ou a la structure (22), entre (i) une premiére po-
sition a laquelle il y a communication de fluide
entre et a travers le canal et (ii) une seconde
position a laquelle la structure et la fermeture se
mettent en prise pour empécher I'’écoulement
de fluide a travers le boitier, caractérisé

dans lequel il existe une relation linéaire en-
tre le mouvement du boitier par rapport a la
fermeture ou a la structure et la taille de
'ouverture (22a, 30), et

dans lequel 'ouverture (22a, 30) est sensi-
blement circulaire et la fermeture est sensi-
blement de forme conique.

Appareil selon la revendication 1, dans lequel la
structure est un élément tubulaire (22) configuré
pour se mettre en prise, de maniére mobile, avec
I'entrée et/ou la sortie pour son raccordement a un
conduit tubulaire souple (24) en vue du raccorde-
ment a un site chirurgical, et la fermeture est dispo-
sée a l'intérieur du bottier.

Appareil selon la revendication 2, dans lequel la fer-
meture (28) est configurée surun élémentde support
(26) pour permettre un écoulement de fluide autour
de celui-ci dans la premiére position.

Appareil selon la revendication 1, dans lequel la
structure (22) est disposée a l'intérieur du boitier et
présente une assise disposée autour de l'ouverture
pour sa mise en prise avec la fermeture, laquelle est
configurée comme une fiche (28) et se met en prise
de maniere mobile avec I'entrée (12).

Appareil selon la revendication 4, dans lequel la fer-
meture (28) présente une ouverture configurée pour
permettre un écoulement de fluide entre I'entrée et
la sortie dans la premiére position.

Appareil selon la revendication 1,
présentant :

I'appareil

un boitier (10) présentant une entrée (12) etune
sortie (14) configuré pour permettre la commu-
nication de fluide entre I'entrée et la sortie ;

un ou plusieurs éléments de filtration (16) dis-
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10.

posés entre I'entrée et la sortie pour filtrer la fu-
mée chirurgicale et d’autres impuretés émanant
d’'un site chirurgical; et

un port d’entrée, ou de sortie, tubulaire présen-
tant une ouverture fournissant un canal pour
I’écoulement de fluide entre I'entrée et sortie qui
est en prise, de maniere mobile, avec un élé-
ment d’entrée, ou de sortie, tubulaire configuré
pour se déplacer le long de I'axe de I'appareil
vers ou depuis le centre dudit ensemble ; et
une fermeture en forme de fiche (28) position-
née sur l'axe de I'appareil et supportée par deux
ou plusieurs bras radiaux s’étendant depuis le
boitier de filtre, ledit port d’entrée, ou de sortie,
tubulaire se met en prise avec ladite fiche a une
limite de sa course le long de I'axe dudit appareil
vers le centre dudit appareil empéchant ainsi
I’écoulement de fluide entre I'entrée et la sortie
du boitier de filtre, dans lequel le mouvement de
I’élément d’entrée, ou de sortie, tubulaire le long
de l'axe de l'appareil dans un sens d’éloigne-
ment par rapport au centre de I'appareil ouvre
progressivement ladite ouverture dudit port
d’entrée ou de sortie tubulaire jusqu’au point de
débit d’écoulement maximum entre I'entrée et
la sortie de I'appareil.

Appareil selon la revendication 6, dans lequel la re-
lation linéaire entre le mouvement dudit élément
d’entrée ou de sortie tubulaire par rapport a ladite
fiche et la superficie en coupe résultante de I'ouver-
ture du port d’entrée tubulaire est assurée par une
mise en prise vissée.

Appareil selon la revendication 7, dans lequel I'élé-
ment d’entrée ou de sortie tubulaire fileté est fermé
a une extrémité par une forme conique et pourvu
d’ouvertures le long d’une section non filetée dudit
élément de sortie tubulaire pour permettre I'écoule-
ment de fluide dans ledit élément tubulaire ou hors
de celui-ci .

Appareil selon la revendication 8, dans lequel la
structure de support et la fiche sont remplacées par
un déflecteur attaché au boitier de filtre présentant
une ouverture centrale dans laquelle entre ladite for-
me conique par le mouvement de I'élément d’entrée
ou de sortie tubulaire le long d’'un axe dudit appareil
fermant ainsi progressivement ladite ouverture cen-
trale et ledit déflecteur.

Appareil selon larevendication 8, dans lequel le sys-
téme de régulation d’écoulement variable interne
présente une ouverture et une fermeture et dans le-
quel le mouvement de la fermeture par rapport a
'ouverture est configuré en pas incrémentiels
égaux.
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Systeme d’évacuation de fumée, le systeme
présentant : un premier composant présentant un
appareil de filtre selon 'une quelconque des reven-
dications précédentes; un second composant
présentant : un boitier présentant une entrée et une
sortie, et configuré pour permettre la communication
de fluide entre I'entrée et la sortie ; et un composant
de filtre disposé entre I'entrée et la sortie pour filtrer
la fumée chirurgicale, dans lequel le premier com-
posant et le second component sont connectés en
série.

Kit d’évacuation de fumée, le kit comportant un ap-
pareil de filtre selon I'une quelconque des revendi-
cations précédentes.
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