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(57) ABSTRACT

This invention relates to a surgical smoke evacuation system
for use in removing gases and smoke created in surgical
procedures form within an insufflated surgical cavity. Such
a systen1 comprises a discharge assembly adapted to form a
gases path, and having an end which in use is located within
said surgical cavity so that gases and/or surgical smoke
inside said cavity can pass out of said cavity and through
said discharge assembly along said gases path, a flexible
discharge limb having an operational site end and an outlet
end, and a self-supporting wall defining a gases flow passage
between said operational site end and said outlet end, in use
said open operational site end sealingly connected to said
discharge assembly so that said gases and/or surgical smoke
can pass out of said discharge assembly and into said
discharge limb, a filter connected in use to the outlet end of
the discharge limb, at least part of said wall of the discharge
limb formed from a breathable material, said breathable
material allowing the passage of water vapour through the
wall of the discharge limb without allowing the passage of
liquid water or surgical smoke or other gases.

100

101



Patent Application Publication Nov. 21,2019 Sheet 1 of 7 US 2019/0351157 Al

FIGURE 1



Patent Application Publication Nov. 21,2019 Sheet 2 of 7 US 2019/0351157 Al

FIGURE 2

FIGURE 3 il



Patent Application Publication Nov. 21,2019 Sheet 3 of 7 US 2019/0351157 Al

\

303

301

FIGURE 5



Patent Application Publication Nov. 21,2019 Sheet 4 of 7 US 2019/0351157 Al

303 ‘
M- =
E

N
o " ,

\ 310 301 :
S ¢

—

FIGURE 6

100‘/

FIGURE 7




Patent Application Publication Nov. 21,2019 Sheet 5 of 7 US 2019/0351157 Al

FIGURE 8a

FIGURE 8b



Patent Application Publication Nov. 21,2019 Sheet 6 of 7 US 2019/0351157 Al

~303
1005
1006
—~1003

1001

FIGURE 10

-
1008

905m—//// I
1000~//’

b 0 ey
? 3 °
A A and
8
PR | &N
© -
> &)
- A
b et
°’> e
\ S
(5]
' - Y W




Patent Application Publication Nov. 21,2019 Sheet 7 of 7 US 2019/0351157 Al

FIGURE 12

FIGURE 11




US 2019/0351157 A1

SYSTEMS FOR LAPAROSCOPIC SURGERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/333,011, filed Oct. 24, 2016, which
is a continuation of U.S. patent application Ser. No. 13,518,
295, now U.S. Pat. No. 9,474,512, filed Jan. 2, 2013, which
is a U.S. National Phase of PCT International Application
No. PCT/NZ2010/000257, filed Dec. 20, 2010, which
claims priority benefit of U.S. Provisional Application No.
61/289,610, filed Dec. 23, 2009, each of which is hereby
incorporated by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to insufflation sys-
tems and smoke evacuation systems for laparoscopic pro-
cedures or electrosurgery or electrocautery procedures.

BACKGROUND TO THE INVENTION

[0003] Laparoscopic surgery, also called minimally inva-
sive surgery (MIS), or keyhole surgery, is a modern surgical
technique in which operations in the abdomen are performed
through small incisions (usually 0.5-1.5 cm) as compared to
larger incisions needed in traditional surgical procedures.
Laparoscopic surgery includes operations within the
abdominal or pelvic cavities.

[0004] In abdominal surgery, for example, the abdomen is
usually insufflated with carbon dioxide gas to create a
working and viewing space. The abdomen is blown up like
a balloon (insufflated); elevating the abdominal wall above
the internal organs like a dome. The gas used is generally
CO.sub.2, which is common to the human body and can be
absorbed by tissue and removed by the respiratory system.
It is also non-flammable, which is important because elec-
trosurgical devices are commonly used in laparoscopic
procedures. FIG. 1 shows a diagram of a typical laparo-
scopic procedure, with part of the outer layers of the body
not shown so as to show interior detail.

[0005] The purpose of insufflation is to create a working
space within the body for carrying out surgical procedures
which frequently can involve electrosurgery or electrocau-
tery. Lasers are also becoming increasingly popular in
modern surgical procedures. The use of these devices tends
to create surgical smoke in the working space due to burning
of tissue. Smoke evacuation systems which use a discharge
limb are commonly used to remove the smoke froth the
surgical site, so that a surgeon can see what he or she is
doing, and so that this potentially harmful material does not
remain within the body cavity post-surgery. One end of the
discharge limb is connected to, or inserted into, a second
incision (or sometimes the same incision). A typical smoke
evacuation system generally includes a trocar and a cannula
at the end to aid insertion into the operative site. The smoke
exits the insufflated abdominal area through the discharge
limb. The discharge limb may be attached to the end of a
laparoscopic instrument so as to provide evacuation close to
the site where electrocautery takes place. Usually, the gases
and smoke from the body cavity are filtered through a filter
to remove particulate matter before they are vented to
atmosphere. The filter may also be additionally designed to
remove chemicals and any harmful micro-organisms from
the surgical smoke. U.S. Pat. Nos. 5,578,000, 6,110,259 and
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U.S. Pat. No. 5,226,939 all describe examples of surgical
smoke evacuation systems. Commonly available surgical
smoke evacuation systems include, for example, the Smart-
Vac® smoke evacuation system and the SeeClear® MAX
smoke evacuation system. The smoke filter is usually
located at the other end of the discharge limb from that end
which is inserted into the incision.

[0006] Commonly, a vacuum source is connected to the
other end of the discharge limb—the end furthest from the
patient. The vacuum source may be a wall vacuum or a
standalone vacuum device. The vacuum creates a negative
pressure within the operative site to ‘suck out’ smoke and
any excess insufflation gases. In an arrangement where a
vacuum source is used, it is usual to position the filter at a
point along the conduit generally just upstream, of the
vacuum source to remove the undesirable contaminants
from the evacuated smoke.

[0007] Current smoke evacuation systems use plastic tub-
ing (generally PVC tubing), for the discharge limb. The
atmosphere within a patient’s abdominal cavity is generally
humid, and the heat of surgical operations such as electro-
cautery tends to add to the humidity as the heat causes
moisture to evaporate from the patient’s internal organs. It
has been common practice in laparoscopic surgery to use dry
gases. However, it is also desirable for the CO.sub.2 or other
insufflation gas to be humidified in a similar fashion to how
gases are humidified for respiratory therapy e.g. CPAP or
similar. In insufflation applications, the gases are humidified
before they are passed into the abdominal cavity. This can
help prevent ‘drying out’ of the patient’s internal organs, and
can decrease the amount of time needed for recovery from
surgery.

[0008] Smoke evacuation systems are commonly used
with insufflation systems. Insufflation systems deliver
humidified gases into an incision to create a working space
within the body for electrocautery surgery, electro-surgery
or laparoscopic procedures. Insufflation systems generally
comprise humidifier chambers that hold a quantity of water
within them. The humidifier generally includes a heater plate
that heats the water to create a water vapour that is trans-
mitted into the incoming gases to humidify the gases. The
gases are transported out of the humidifier with the water
vapour. The humidification chamber requires a minimum
level of water to allow the humidification chamber to
adequately humidify incoming gases. Accordingly a health
professional or person using the insufflation system needs to
keep checking the water level in the humidification chamber
and add more water when required. This job can be tedious
one and is often overlooked. U.S. Pat. No. 6,802,314 dis-
closes a method of monitoring the level of water in a
humidification chamber. The method is implemented on an
electronic controller that controls the humidifier heater plate
operation and operation of the blower used with the humidi-
fier. The method involves monitoring the temperature of the
heater base 102, the temperature of the humidification
chamber 103 (or chamber outlet temperature) and the power
requirement of the heater base (the amount of power being
supplied to the heater base). Thermal conductivity is calcu-
lated using the measured values. Thermal conductivity is
calculated by the heater base power requirement divided by
the heater plate temperature minus the chamber temperature.
[0009] The controller compares the calculated thermal
conductivity value to a predetermined threshold value which
may be experimentally determined at various gases flow
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rates. The predetermined threshold values can be stored in
ROM and be accessible to the controller so that the con-
troller would simply determine the present flow rate of the
gases, calculate the value of thermal conductivity, access the
table in ROM based on the present flow rate and read out the
associated predetermined threshold value. If the calculated
thermal conductivity is greater than the thermal conductivity
value then the controller would wait a predetermined time
before issuing an alarm so that the water level could be
topped up without any loss of humidity in the gases flow.
[0010] It is an object of the present invention to at least
partially help to overcome these problems and other defects
in the prior art, or at least provide the public with a useful
alternative.

[0011] The term “comprising” as used in this specification
means “consisting at least in part of”. When interpreting
each statement in this specification that includes the term
“comprising”, features other than that or those prefaced by
the term may also be present. Related terms such as “com-
prise” and “comprises” are to be interpreted in the same
mannet.

[0012] Inthis specification where reference has been made
to patent specifications, other external documents, or other
sources of information, this is generally for the purpose of
providing a context for discussing the features of the inven-
tion. Unless specifically stated otherwise, reference to such
external documents is not to be construed as an admission
that such documents, or such sources of information, in any
jurisdiction, are prior art, or form part of the common
general knowledge in the art.

SUMMARY OF THE INVENTION

[0013] In a first aspect the invention may broadly be said
to consist of a surgical smoke evacuation system for use in
removing gases and smoke created in surgical procedures
from within an insufflated surgical cavity, said cavity of the
type that has at least one aperture adapted for gases dis-
charge, said surgical smoke evacuation system comprising
[0014] a discharge assembly adapted to form a gases path,
and having an end which in use is located within said
surgical cavity so that gases and/or surgical smoke inside
said cavity can pass out of said cavity and through said
discharge assembly along said gases path,

[0015] a flexible discharge limb having an operational site
end and an outlet end, and a self-supporting wall defining a
gases flow passage between said operational site end and
said outlet end, in use said open operational site end seal-
ingly connected to said discharge assembly so that said gases
and/or surgical smoke can pass out of said discharge assem-
bly and into said discharge limb,

[0016] a filter connected in use to the outlet end of the
discharge limb,
[0017] at least part of said wall of the discharge limb

formed from a breathable material, said breathable material
allowing the passage of water vapour through the wall of the
discharge limb without allowing the passage of liquid water
or surgical smoke or other gases.

[0018] Preferably said breathable material comprises at
least 10% of said wall of said discharge limb surface area.
[0019] Preferably said wall has an internal diameter of
between 10 mm and 25 mm.

[0020] Preferably said discharge limb is between 400 mm
and 1500 mm long.
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[0021] More preferably said discharge limb is 470 mm
long.
[0022] Preferably said smoke evacuation system is a pas-

sive-smoke evacuation system, said surgical cavity pres-
surised due to insufflation gas being pumped into said
surgical cavity from a pressurised gases source so, that said
conduit has a higher pressure at the operative site end than
at said outlet end, said downstream exit aperture open to
atmosphere.

[0023] Preferably said breathable material is a hydrophilic
thermoplastic.
[0024] Alternatively said breathable material is a perfluo-

rinated polymer.

[0025] As a further alternative said breathable material is
made from woven treated fabrics.

[0026] Preferably said smoke evacuation system further
comprises a support to receive and retain said discharge limb
in a manner such that said limb is bent along its length where
said limb attaches to said support, said bend in said limb
shaped, such that in use said filter is not the lowest point of
the limb, said lowest part of the bend being the lowest part
of the limb.

[0027] Preferably said support has at least one and pref-
erably two receiving features to receive and retain said
discharge limb, said receiving feature or features arranged in
a manner relative to each other, to create a U bend within
said limb when limb is housed within said feature or
features.

[0028] Preferably said U bend behaves substantially like a
water trap such that any condensation of liquid within said
discharge limb flows toward U bend and accumulates close
to the lowest point of said U bend.

[0029] Preferably said receiving features are slots or rings
and said limb snap fits into said slots or rings.

[0030] Preferably said support is substantially U shaped.
[0031] Preferably said receiving features are positioned at
or close to opposing ends of said support.

[0032] Preferably in use said support maintains at least
two contact points with the ground to form a stable structure
to retain and hold up said limb.

[0033] In a further aspect of the support said support
further comprises at least two legs extending from said
support, said legs contacting the ground and propping up
said support in an upright position.

[0034] Preferably said legs of said support provides two of
three said contact points with the ground, at least part of the
body of said support providing the third of said three contact
points with the ground.

[0035] Preferably said support includes a further stand
member, said stand member and said legs forming three
contact points with the ground.

[0036] Preferably wherein said support includes at least
one righting mass within the support or attached to the
support, said righting mass stabilising the support such that
said support and limb remain in correct orientation in use.

[0037] Preferably said righting mass is a movable mass.
[0038] Alternatively said righting mass is a stationary
mass.

[0039] Preferably said righting mass in Made from a rigid

material, said material being denser than said support.

[0040] Preferably said support is formed from a rigid
material.
[0041] More preferably wherein said support is formed

from moulded plastic.
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[0042] 1In a further alternate aspect said system includes a
retaining member engaging with said smoke evacuation
limb, said retaining member adapted to bend or contort said
limb such that in use said filter is not the lowest point of the
limb.

[0043] Preferably said retaining member is attached to
said filter at one end of said retaining member, an opposing
end of said retaining member including a retaining feature
adapted to receive and retain said limb up stream of said
filter such that said limb is bent or contorted such that said
filter is not the lowest point of said limb.

[0044] Preferably said limb is bent or contorted to form a
U bend in use, said U bend acting as a water trap such that
any condensation or liquid within said limb flows toward
said U bend and accumulates near the lowest point of said
U bend.

[0045] Preferably said retaining feature is a hook or loop,
said hook or loop adapted to receive and retain said limb
such that said limb upstream of said filter is bent or con-
torted.

[0046] Alternatively wherein said retaining feature is a
clip, said clip adapted to receive and retain said limb such
that said limb upstream of said filter is bent or contorted.
[0047] In a further preferable aspect said breathable mate-
rial forms a flow path for water vapour from the inside of
said discharge limb to ambient air, such that said water
vapour can pass from inside the discharge limb to ambient
air through the breathable material forming at least part of
said wall of said discharge limb.

[0048] Alternatively said water vapour is absorbed by the
breathable material on the inside of said discharge limb said
absorbed water passing through said wall of said discharge
limb to atmosphere, said breathable material preventing
water condensate and particulate matter passing through said
wall.

[0049] Preferably said wall of said discharge limb com-
prises multiple regions of said breathable material.

[0050] Alternatively said regions of breathable material
are elongate and run at least a substantial length of said
discharge limb.

[0051] Preferably said breathable material regions are
spaced along the length of said discharge limb.

[0052] Preferably said regions of breathable material are
formed as elongate strips along the wall of said discharge
limb.

[0053] In a second aspect the invention can be said to
broadly consist of a surgical smoke evacuation system for
use in removing gases and smoke created in surgical pro-
cedures from within an, insufflated cavity, said cavity of the
type that has at least one aperture adapted for gases dis-
charge, said surgical smoke evacuation system comprising:
[0054] a discharge assembly adapted to form a gases path,
and having an end which in use is located within the surgical
cavity so that gases and/or surgical smoke inside the cavity
can pass out of the cavity and through said discharge
assembly along said gases path,

[0055] a flexible discharge limb having an operational site
end and an outlet end, and a self-supporting wall defining a
gases flow passage between the operational site end and the
outlet end, in use the operational site end sealingly con-
nected to, the discharge assembly so that the gases and/or
surgical smoke can pass out of the discharge assembly and
into the discharge
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[0056] a filter muse connected to the outlet end of the
discharge limb,
[0057] a support adapted to receive and retain said dis-

charge limb in a manner such that said limb is bent along
part of the discharge limb’s length where the support con-
tacts the limbs, such that in use the bend along part of said
discharge limb’s length acts to collect any condensation
formed within the discharge limb, said limb being bent such
that in use said filter in not the lowest point of said limb.
[0058] Preferably said bend in said discharge limb in
substantially a U shaped bend, said U shaped bend acting as
a condensation collection point to collect any condensation
formed in said discharge limb, said U bend also preventing
said condensation, from flowing along the limb to the filter
or the outlet of the limb.

[0059] Preferably said support has two receiving features
to receive and retain said limb.

[0060] Preferably-said receiving features are slots or rings
adapted such that said limb snap fits into said slots or rings.

[0061] Preferably said support is substantially U shaped
and includes a channel to receive and retain said limb within
said support.

[0062] Preferably said receiving features are positioned at
opposing ends of said support.

[0063] Preferably said support includes a righting mass
attached to or housed within said support, said righting mass
stabilising said support such that said support remains in the
correct orientation when in use.

[0064] In an alternate form of the support said support is
a retaining member extending from said filter, said retaining
member engaging with said limb, said limb being bent or
contorted by said retaining member, such that said filter is
not the lowest point of said limb.

[0065] Preferably said retaining member including a
retaining feature that receives and retains said limb, said
retaining feature bending said limb such that said filter is not
the lowest point of said limb.

[0066] Preferably wherein said retaining feature is hook or
loop.
[0067] In a further aspect of the support said support

comprises a body having a first end and a second end, said
first end is connected to said outlet end of said discharge,
limb, said second end of said support connected to said filter,
said support forming a scaled gases pathway to allow flow
of gases and/or smoke from the outlet end of the discharge
limb to the filter, the gases and/or smoke travelling through
said support.

[0068] Alternatively said support comprises a body having
a first end and a second end, said first end connecting to the
outlet end of said discharge limb, said second of said support
connecting to a substantially flexible secondary conduit, said
filter connected to said secondary conduit, said support
forming a sealed gases pathway to allow the flow gases
and/or smoke from the outlet end of said discharge limb to
secondary conduit, said gases and/or smoke travelling
through said support.

[0069] Preferably said first and second end of said support
comprise threaded connections to connect first end to said
discharge limb and connect second end of support to either
said filter or said secondary conduit.

[0070] Alternatively said first and second end of said
support include couplers.
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[0071] Preferably said support maintains at least two con-
tact points with the ground to form a stable structure retain
and hold up said smoke evacuation limb.

[0072] Preferably said support includes at least two legs
extending from said support, said legs in use contacting the
ground and propping up said support in an upright position.
[0073] Preferably said legs of said support provides two of
three said contact points with the ground and the body of
said support provides the third, of said three contact points
with the ground.

[0074] Preferably said support is formed from a rigid
material.

[0075] Preferably said support is formed from moulded
plastic.

[0076] In a further alternative aspect at least part of said

support is formed from a breathable material, said breathable
material allowing the passage of water vapour through said
support to ambient air without allowing the passage of said
liquid water or surgical smoke.

[0077] As a further alternative the entire support is formed
from a breathable material.

[0078] In a further aspect at least part of said secondary
conduit is formed from a breathable material such that said
breathable material allows the passage of water vapour out
of said secondary conduit to ambient air without allowing
the passage of liquid water or surgical smoke or gases.
[0079] Preferably at least part of wall of said discharge
limb is formed from a breathable material, said breathable
material allowing the passage of water vapour through the
wall of the discharge limb without allowing the passage of
liquid water or surgical smoke or other gases.

[0080] More preferably said breathable material com-
prises at least 10% of said wall of said discharge limb
surface area.

[0081] Preferably said wall has an internal-diameter of
between 10 mm and 25 mm.

[0082] Preferably said discharge limb is between 400 mm
and 1500 mm long:

[0083] More preferably said discharge limb is 470 mm
long.
[0084] Preferably said smoke evacuation system is a pas-

sive smoke evacuation system, said surgical cavity pres-
surised due to insufflation as being pumped into said surgical
cavity from a pressurised gases source so that said conduit
has a higher pressure at the operative site end than at said
outlet end, said downstream exit aperture open to atmo-
sphere.

[0085] In one form said breathable material is a hydro-
philic thermoplastic.

[0086] In an alternate form said breathable material is a
perfluorinated polymer.

[0087] In a further alternate form said breathable material
is made from woven treated fabrics.

[0088] Preferably the surface area of said discharge limb
is between 12560 mm” and 47100 mm”.

[0089] Preferably said system further comprises a further
conduit arranged co-axially with said discharge limb, said
further conduit arranged around the outside of said discharge
limb to cover said discharge limb, said further conduit acting
as an air jacket, in use said water vapour passing through the
breathable material of said discharge limb into the air in said
conduit, said conduit transporting water vapour away from
said breathable areas of said discharge limb.
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[0090] 1In a third aspect the invention can be broadly said
to consist in an insufflation system comprising:

[0091] a gases source,

[0092] ahumidification chamber adapted to hold a volume
of water having and inlet and an outlet, said inlet of said
humidification chamber in gases communication with said
gases source to receive gases from said gases source, said
gases coming in through said inlet and passing through said
outlet of said humidification chamber,

[0093] a conduit having a first end and a second end, said
first end connected to said outlet of said humidification
chamber, said first end of said conduit in gases communi-
cation with said humidification chamber outlet and receiving
said humidified gases from said humidifier, said second of
said conduit in communication with a surgical site and
delivering said humidified gases to said surgical site,
[0094] aheater base provided adjacent said humidification
chamber, said heater base providing heat to said quantity of
water in said humidification chamber in order to provide
water vapour to said gases flowing through said humidifi-
cation chamber,

[0095] a first temperature sensor attached to said heater
base and monitoring temperature of said heater base,
[0096] a second temperature sensor attached adjacent to
said outlet of said humidification chamber, said second
temperature sensor monitoring said temperature of said
humidification chamber,

[0097] a controller adapted to control heat provided by
said heater base to said humidification chamber, said con-
troller connected to said first and second temperature sensors
and receiving temperature information from said sensors.
[0098] Preferably said controller implements a method to
determine a low water or no water condition in said humidi-
fication chamber, said method comprising the steps of:

[0099] measuring the temperature of gases exiting the
chamber,

[0100] measuring the power supplied to a heater base,
[0101] measuring the flow rate of gases through the cham-
ber,

[0102] determining a low water or no water condition

when the temperature of the gases exiting the chamber is
decreasing, the power supplied to the heater base is constant
or increasing and the flow rate of gases through the chamber
is unchanged, for at least two minutes.

[0103] In one form said system includes a buzzer, said
buzzer operation controlled by said controller when said low
water or no water condition is detected.

[0104] Preferably said controller switches off power to
said heater base when a low water or no water condition is
detected.

[0105] Ina fourth aspect the invention can be broadly said
to consist in a method to determine a low water or no water
condition in a humidification chamber, said humidification
chamber part of an insufflation apparatus for providing
humidified insufflation gases in to a surgical site or perito-
neal cavity of a patient to insufflate said cavity or said
surgical site, said method comprising the steps of:

[0106] measuring power supplied to a heater base,
[0107] measuring the temperature of gases exiting said
humidification chamber,

[0108] measuring flow rate of gases through said humidi-
fication chamber,

[0109] determining a low water or no water condition
based on a reducing temperature of gases exiting said
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humidification chamber, while said power to said heater is
constant or increasing and the flow of gases through said
chamber is constant for a pre-determined time.

[0110] Preferably said method includes the step of:
[0111] said pre-determined time is at least two minutes,
said controller switching off power to said heater base if a
low water or no water condition is measured.

[0112] Preferably said method comprises the further step
of alerting a user when a low water or no water condition is
detected.

[0113] Preferably said low water or no water condition is
determined if said temperature of gases exiting said chamber
reduces while said power to said heater base increases for at
least two minutes.

[0114] Preferably said filter includes an adjustable outlet
port connected to said filter, said outlet port allowing a user
to adjust the amount of gases flowing out of said filter.
[0115] In a fifth aspect the invention can be broadly said
to consist in a discharge limb for use in a surgical smoke
evacuation system for evacuating surgical smoke and gases
from a surgical site in or on a patient said discharge limb
comprising:

[0116] a flexible elongate hollow body defining a gases
transportation pathway for transporting smoke and gases
created in surgical procedures,

[0117] said body having an operative site end adapted for
connection to the surgical site, an outlet end adapted to
connect to a filter, said surgical smoke and gases substan-
tially travelling from said surgical to said filter through said
elongate hollow body,

[0118] the elongate hollow body being at least partially
constructed from a breathable material or region allowing
the passage of water vapour out of the elongate hollow body
through the breathable region or material while restricting
the passage of liquid water or surgical smoke and gases.
[0119] Preferably said water vapour is passed from the
elongate body to ambient air through the breathable region
or material.

[0120] Preferably said limb further includes an air jacket
arranged coaxially with said elongate hollow body, said air
jacket covering and enclosing said elongate hollow body,
said water vapour passing through the breathable region or
material into said air jacket.

[0121] Preferably said air jacket is formed by a further
conduit arranged co-axially with said elongate hollow body.
[0122] Preferably said breathable material comprises at
least 10% of the surface area of said discharge limb.
[0123] Preferably said discharge limb has an internal
diameter between 10 mm and 25 mm.

[0124] Preferably said discharge limb is between 400 and
1500 mm long.

[0125] More preferably said discharge limb is 470 mm
long.

[0126] Preferably said discharge limb has a higher pres-

sure at the operative site end adapted to connect to a surgical
site and a lower pressure at the outlet end adapted to connect
to the filter, said pressure differential causing said surgical
smoke and gases to move from said surgical site to said filter
through said elongate hollow body.

[0127] In one form said breathable material is a hydro-
philic thermoplastic.

[0128] Alternatively said breathable material is a perfluo-
rinated polymer.
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[0129] Alternatively said breathable material is made from
woven treated fabrics.

[0130] Preferably the limb further comprises:

[0131] a support, said limb attaching to said support, said
support adapted to hold up said discharge limb in use in a
manner such that said limb is bent along its length where
said limb. attaches to said support, said bent in said limb
shaped such that said filter is not the lowest point of the limb,
said lowest part of the bend being the lowest part of the limb.
[0132] Preferably said support includes at least but more
preferably two receiving features to receive and retain said
discharge limb, said receiving said features arranged in a
manner relative to each other to create a U bend within said
limb when limb placed within said feature or features.
[0133] Preferably said U bend behaves substantially like a
water trap such that any condensation of liquid within said
smoke evacuation limb flows toward U bend and accumu-
lates close to the lowest point of said U bend.

[0134] Preferably said support maintains at least two con-
tact points with the ground to form a stable structure to retain
and hold up said limb.

[0135] Preferably said support includes at least two legs
extending from said support, in use said legs contacting the
ground and propping up said support in an upright position.
[0136] More preferably in use said legs of said support
provide two of three said contact points with the ground and
body of said support providing the third of said three contact
points with the ground.

[0137] Preferably said support includes a further stand
member, said stand member and said legs in use forming
three contact points with the ground.

[0138] Preferably said support includes at least one right-
ing mass within the support or attached to the support, said
righting mass stabilising the support such that said support
and limb remain in correct orientation.

[0139] Preferably said righting mass is a movable mass.
[0140] Alternatively said righting mass is a stationary
mass.

[0141] Preferably said righting mass is made from a rigid

material, said material being denser than said support.

[0142] Preferably said support is formed from a rigid
material.
[0143] More preferably said support is formed from

moulded plastic.

[0144] In a further aspect said support is a retaining
member extending from said filter, said retaining member
engaging with said limb, said limb being bent or contorted
by said retaining member, such that in use said filter is not
the lowest point of said limb.

[0145] Preferably said retaining member includes a retain-
ing feature that receives and retains said limb, said retaining
feature bending said limb such that said filter is not the
lowest point of said limb in use.

[0146] Preferably said retaining feature is a hook or loop.
[0147] Preferably said limb is adapted to connect to a
surgical site through a discharge assembly adapted to form
a gases path, said discharge assembly having one end which
in Use is located within said surgical site so that gases and/or
surgical smoke inside the cavity can pass out of said cavity
through said discharge assembly along the gases path into
the discharge limb.

[0148] Preferably said discharge limb includes a first
connector on said operative site end of said limb and a
second connector on said outlet end of said limb.
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[0149] Preferably said first connector is a luer lock con-
nector, said first connector adapted to connect to said dis-
charge limb, said second connector being a barbed connector
adapted to connect to said filter.

[0150] In a sixth aspect the invention can be said to
broadly consist in a kit of parts for an unassembled surgical
smoke evacuation system for use on removing gases and
smoke created in surgical procedures from with an insuf-
flated cavity, said kit for an unassembled surgical smoke
evacuation system comprising:

[0151] a flexible discharge limb having an operative site
end and an outlet end, said limb being an elongate hollow
body, said hollow body defining a gases transport path, said
hollow body or at least part of said hollow body formed from
a breathable material, said breathable material allowing the
passage of water vapour but not liquid water through said
hollow body,

[0152] a filter with two ends, one end of the filter con-
nectable to the outlet end of said discharge limb,

[0153] a discharge assembly having one end which can be
located within a surgical cavity and another end connectable
to said operative site end of said limb, said discharge
assembly adapted to form a gases path between the two ends
of said discharge limb,

[0154] said flexible discharge limb, said filter and said
discharge assembly connecting together to form said surgi-
cal smoke evacuation system.

[0155] Preferably said kit further comprising:

[0156] a support, said support including at least one
receiving feature, and at least two legs extending from said
support, said receiving feature capable of receiving and
retaining said limb within it such when said kit is assembled
and said limb is engaged within said receiving feature said
limb is bent such that said filter is not the lowest point.
[0157] Preferably said kit further comprising.

[0158] a retaining member attached to said filter, said
retaining member being an elongate member, said retaining
member including a retaining feature at one end of said
retaining member, said retaining feature connectable with
said limb in use such that in use said limb is bent such that
said filter is not the lowest point.

[0159] The term smoke evacuation limb and discharge
limb are interchangeably used and refer to the same physical
feature.

[0160] This invention may also be said broadly to consist
in the parts, elements and features referred to or indicated in
the specification of the application, individually or collec-
tively, and any or all combinations of any two or more of
said parts, elements or features, and where specific integers
are mentioned herein which have known equivalents in the
art to which this invention relates, such known equivalents
are deemed to be incorporated herein as if individually set
forth.
[0161] As used herein the term “and/or” means “and” at
“or”, or both. As used herein “(s)” following a noun means
the plural and/or singular forms of the noun.

BRIEF DESCRIPTION OF THE DRAWINGS

[0162] FIG. 1 shows a diagram of a typical laparoscopic
procedure, with part of the outer layers of the body not
shown so as to show interior detail.

[0163] FIG. 2 shows a laparoscopic humidification system
in use with a patient receiving humidified gases from the
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system, and a discharge limb according to the present
invention carrying these gases away from the surgical site.
[0164] FIG. 3 shows a detailed view of the smoke evacu-
ation system of FIG. 2.

[0165] FIG. 4 shows the patient model used to test the
effectiveness of a breathable discharge limb used with the
smoke evacuation system.

[0166] FIG. 5 shows a weighing scale and setup to mea-
sure the weight of the smoke evacuation system.

[0167] FIG. 6 shows an operative position of the smoke
evacuation system when in use with the patient model
shown in FIG. 4.

[0168] FIG. 7 shows test setup used in testing the effec-
tiveness of a breathable discharge limb used with the smoke
evacuation system. The figure shows an insufflation system
and the smoke evacuation system used with the patient
model of FIG. 4.

[0169] FIG. 8a shows an outlet tube attached to the filter
of the smoke evacuation system, the outlet tube being made
of a breathable material.

[0170] FIG. 85 shows an outlet tube attached to the filter
of the smoke evacuation system, the outlet tube being made
from a non breathable material.

[0171] FIG. 9 shows a support to receive and retain the
smoke evacuation limb, the support having two legs and a
stand member extending from the body of the support.
[0172] FIG. 10 shows another form of the support having
two legs, one leg being substantially larger than the other
and providing a stable base for the support.

[0173] FIG. 11 shows a further form of the support having
no legs, just a body to receive and retain the limb.

[0174] FIG. 12 shows a further form of the support, the
support being a retaining member extending from the filter
with a retaining feature at one end of the retaining member
to receive and hold the limb.

DETAILED DESCRIPTION

System Overview

[0175] The preferred embodiments of the present inven-
tion will now be described in detail with reference to the
figures.

[0176] FIG. 2 and FIG. 7 shows a typical insufflation
system 100 such as might be used with the present invention.
The insufflator system supplies insufflation gases to a patient
1. The insufflation system 100 includes an insufflator 101
that humidifies a stream of gases supplied by a gases source
107. The humidified insufflation gases are delivered, at a
pressure above atmospheric pressure, into the patient’s
abdominal or peritoneal cavity. The insufflator 101 includes
a heater base 102 and humidifier chamber 103, with the
chamber 103 in use in contact with the heater base 402 so
that the heater base provides heat to the chamber. The
insufflation gases are passed through the chamber 103 so
that they become humidified to an appropriate level of
moisture. The system includes a delivery conduit 105 that
connects between the humidification chamber 103 and the
peritoneal cavity or surgical site. The conduit has a first end
and second end, the first end being connected to the outlet
of the humidification chamber 103 and receiving humidified
gases from the chamber 103. The second end of the conduit
is placed in the surgical site or peritoneal cavity and humidi-
fied insufflation gases travel from the chamber 103, through
the conduit and into the surgical site to insufflate and expand
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the surgical site or peritoneal cavity. The system also
includes a controller 104 that regulates the amount of
humidity supplied to the gases by controlling the power
supplied to the heater base 102. The controller can also be
used to monitor water in the humidification chamber and
determine a low water or no water condition, which will be
described later. A smoke evacuation system 300 is shown
leading out of the body cavity of the patient. This will be
described in detail below.

[0177] Typically, the insufflator pressure will be set
between 9 mm/Hg and 15 mm/Hg depending on the size of
the patient and the amount of inflation required. The flow
rate of the insufflator is set to between 1 L/min and 5 L/min
depending on the requirements of the specific operation. In
the most preferred form carbon dioxide is used as the
insufflation gas.

[0178] FIG. 3 and FIG. 6 show a more detailed view of the
smoke evacuation system 300 of the present invention. The
smoke evacuation system can be used in conjunction with
the insufflation system 100 described above or may be used
with other suitable insufflation systems. The smoke evacu-
ation system 300 comprises a discharge limb 301, a dis-
charge assembly 302 and a filter 303. The discharge limb
301 connects between the filter 303 and the discharge
assembly 302, which in use is located in or adjacent to the
operative site (peritoneal cavity, for example as indicated by
item C in FIG. 1). Preferably the discharge limb 301 is a
self-supporting conduit or tube (the conduit is capable of
supporting its own weight without collapsing) with two open
ends: an operative site end and an outlet end. The discharge
limb, in FIG. 3 is shown with a broken line to show that it
is long and the length could be variable. The term discharge
limb and smoke evacuation limb is interchangeably used in
this specification, both terms refer to the same feature.
Preferably the discharge limb includes a first connector 310
on the operative site end and a second connector 311 on the
outlet end.

[0179] Inthe preferred embodiment, the operative site end
includes or is adapted for connection to the discharge
assembly 302, which comprises a luer taper 302a and a
cannula port 3025. The first connector 310 allows connec-
tion of the operative site end to the discharge assembly 302.
The first connector is any suitable connector, most prefer-
ably a luer lock connector. The luer taper 302a allows the
operative site end to be connected to the cannula port 3025.
In use, one open end or part of the cannula port 3025 is
placed or located into the surgical cavity, such as that
indicated by item C iii FIG. 1 (i.e. the operative site), via a
small incision or similar.

[0180] Preferably the cannula port 30256 is 5.5 mm in
diameter. It is most preferred that the cannula port 3025
includes a stopcock 304 that can be opened or closed to act
like an on/off valve. Any other moveable obstruction can lie
used as an alternate to the stopcock 304. With the cannula
port open, the discharge limb 301 is open to the surgical
cavity and surgical smoke created within the surgical cavity
can flow into the discharge limb 301. With the cannula port
in the closed position the discharge limb 301 is sealed off
from the surgical cavity and no smoke or gas flows into the
discharge limb 301.

[0181] The discharge limb 301 has a filter unit 303 con-
nected to the outlet end. The second connector 311 allows
the outlet end of the discharge limb to connect to the filter
by a suitable connection. The second connector is any
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suitable connector, most preferably a barbed connector. The
filter unit 303 comprises a hard shell, which surrounds a
filter medium and holds the filter medium in position. The
filter unit has two ends or sides: an upstream end or side,
connected to the outlet end of the discharge limb 301, and a
downstream end or side that either opens to atmosphere, or
which is adapted to in use be connected to a vacuum source.
In the preferred embodiment, the downstream side or end of
the filter opens to atmosphere. The body of the filter unit 303
also defines a gases flow path between the upstream side and
downstream side so that the surgical smoke and other gases
in use pass through the filter unit 303, and through the filter
medium within the filter unit. The filter medium comprises
a filter material or filter media that is adapted to filter gases
passing through the filter and leave a (cleaned) residual gas.
Preferred filter media includes carbon or is made of UPLA
(ultra low particulate air) grade hydrophobic glass microfi-
ber.

[0182] The filter media is adapted to filter or trap as much
of the contaminant material in the gas as possible. That is,
particulate material, odours and gaseous hydrocarbons are,
as far as possible, removed from the surgical smoke. The
filter passes the residual gas remaining after the filter pro-
cess. In the preferred embodiment, the gas is passed to
atmosphere. The residual gas is almost 100% carbon diox-
ide. Preferably the filter removes 99.999% of all particles,
cells and viruses and has retention up to 0.02 microns.
[0183] In the preferred embodiment described above, the
smoke evacuation system 300 is a passive smoke evacuation
system, meaning that it does not require a vacuum source or
any other equivalent device to draw the surgical smoke
through the discharge limb 301 of the system. The mecha-
nism for evacuating smoke through the discharge limb 301
will now be explained: the insufflation system is activated
and the surgical site is pumped with carbon dioxide gas. The
surgeon begins the surgical procedures once the surgical site
is inflated to the correct level. Once the flow rates and
temperatures of the insufflation system have stabilised the
smoke evacuation system can be activated (by opening the
stopcock 304). The insufflation system delivers the insuf-
flation gases at a positive pressure.

[0184] The stopcock 304 as described above is opened to
allow the gas to travel through the cannula port 3025 and
through the discharge limb 301. The smoke travels through
the discharge limb 301, through the filter unit 303 and out
through the outlet end. The smoke is “purified” by the filter
303. The filter 303 retains particulate matter, viruses, odours,
noxious fumes and other potentially harmful particles. In an
alternate form the filter may further include an adjustable
outlet port on said filter. The port is an outlet port that allows
the user to vary the flow of gases out of said filter. The
adjustable outlet port also can function as an on/off switch
for the smoke evacuation system. Since the smoke evacua-
tion system is preferably a passive smoke evacuation system
adjusting the outlet port on the filter allows a user to adjust
the amount of gases flowing into and out of the smoke
evacuation system as required. For example the user could
close the outlet port which would effectively turn the smoke
evacuation system “off” by restricting flow out of said filter,
alternatively the user could open the port to allow gases to
flow through the smoke evacuation system, hence turning
the smoke evacuation system “on”.

[0185] The surgical smoke travels through the smoke
evacuation system 300 due to the negative pressure gradient
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that exists. The outlet end of the smoke evacuation system
is at a lesser pressure as compared to the pressure at the
operational site. The operational site is pressurised due to the
pressurised insufflation gases delivered into the operational
site. The outlet end of the conduit and filter are at atmo-
spheric pressure which is significantly less than the pressure
of the pressurised gases. This negative pressure gradient
forces the surgical smoke to flow through the discharge limb
301 of the smoke evacuation system, through the filter 303
and out of the outlet end.

Smoke Evacuation System Discharge Limb

[0186] The gases supplied by the insufflation system 100
maybe humidified at the point of entry to the body cavity
(i.e. as indicated by item C in FIG. 1). Alternatively the
insufflation gases may be provided without any humidifica-
tion. As the body cavity is already moist and humid, the
gases do not tend to lose moisture in the body, and can
become fully saturated if they are not already at saturation
point. If the gases are dry on entry to the body cavity, they
tend to become humidified as they pass through the body
cavity, picking up moisture from the damp atmosphere in the
body cavity above the internal organs.

[0187] When these saturated gases pass out of the abdomi-
nal cavity, they pass along the cooler walls of the discharge
limb, which is normally around one metre in length or
thereabouts. The moisture in the gases tends to condense out
of the gas onto the walls of the discharge limb or conduit.
The water vapour can also condense on the filter 303. The
vapour condensing on the filter 303 and run-off along the
discharge limb from moisture which has condensed on the
walls can saturate the filter 303 and cause it to become
blocked. This potentially causes an increase in back pressure
and hinders the ability of the system to clear smoke.
[0188] The condensed moisture within the filter 303 can
cause the filter medium to become blocked, leading to an
increase in back pressure and reduced filter 303 efficiency
due to the blockage. This is disadvantageous because the
increased back pressure hinders the ability of the system to
effectively clear the surgical smoke. The condensation
within the filter 303 also may at least partly block the filter
media and decrease the efficiency of the filter. The surgical
smoke remaining at the operational site within the surgical
cavity or within the discharge limb 301 of the evacuation
system can be hazardous to the patient since the surgical
smoke contains several potential toxins that may become
entrained in the surgical cavity or tissue of the patient. The
vision of the surgeons can be obstructed or hindered clue to
the surgical smoke remaining at the operational site and not
being evacuated, potentially leading to a hazardous working
environment for the surgeons. The condensation may par-
tially block the filter media resulting in reduced filtration of
toxins from the surgical smoke. This could result in poten-
tially harmful substances like odours, surgical smoke, dead
cellular matter and so on escaping into the operating theatre.
These sorts of materials can be hazardous to the health and
may lead to many health problems for medical practitioners
and the patient.

[0189] The applicants have carried out testing which indi-
cates that the use of a discharge 1limb 301 having a breathable
wall or the wall of the limb 301 which includes breathable
material may help to alleviate this problem. A certain
amount of moisture from the expelled gases passes through
the wall of the conduit before reaching the filter 303, and
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therefore there is less moisture in the gas to condense out of
the gas and clog the filter 303.

[0190] In this context, ‘breathable material’ means a mate-
rial that allows the passage of water vapour through the limb
to ambient air while substantially preventing the passage of
liquid water, water droplets or condensate, or any other
components of the surgical smoke (particles, etc) to ambient
air. Ambient air in this context refers to the air outside the
smoke evacuation limb or discharge limb, and not neces-
sarily only to atmospheric air. In the preferred form the
water vapour moves from within the conduit to atmospheric
air. In an alternate form instead of the conduit discharging air
to atmosphere, the discharge limb may be arranged co-
axially with another conduit placed around the outside of the
discharge limb. The outer conduit acts like an air jacket and
the water vapour from the discharge limb may move from
within the discharge limb out to the outer conduit. The outer
conduit or air jacket can act to evacuate any water vapour
transmitted from the discharge limb to the air in the outer
conduit.

[0191] The purpose of the breathable discharge limb, or a
discharge limb with a breathable region or regions, is to
allow passage of water vapour through the wall of the
discharge limb to ambient air, away from the expired gases
and surgical smoke which in use pass through the discharge
limb. The breathable material allows the passage of water
vapour through the wall of the discharge limb to ambient air
without allowing the passage of liquid water, gases or
surgical smoke to ambient air. Materials may be breathable
due to their composition, physical structure or a combination
thereof. The mechanisms of water vapour transmission
through these breathable materials are numerous and known
in the art. The purpose of the breathable region or regions of
the supply conduit wall is to allow passage of water vapour
froth the gases path along independent of specific drain
locations. This reduces the build up of condensation within
the breathing tube by drying the humidified breathing gases
(by transmitting water vapour to the surrounding ambient
air) during their flow through the discharge limb. One
example material that could be used for the breathable
regions of the discharge limb 301 is an activated perfiuori-
nated polymer material. An example of this polymer mate-
rial is marketed under the trade name NAFION™ by DuPont
Fluoro products of Fayetteville USA.

[0192] Alternatively, the breathable regions of the conduit
may be constructed out of hydrophilic thermoplastics,
woven treated fabric products exhibiting breathable charac-
teristics or a hydrophilic polyester block copolymer formed
into a homogenous flat film. An example of such a film is
sold user the brand SYMPATEX™. A further alternative for
the breathable material is ARNITEL™ or GORETEX™.
This has been experimentally shown to help to reduce
condensation build up within the discharge limb. As a
certain amount of the water vapour from the gases passing
along the discharge limb diffuses to atmosphere, there is less
water vapour in the conduit itself, so there is less likelihood
of the filter becoming blocked with condensate, for example.
[0193] Ideally, the discharge limb 301 would be formed in
such a manner, and will have dimensions so that the wall
will allow passage of substantially all, or at least a signifi-
cant portion, of the moisture in the gases before the gases
reach the filter 303. In a practical sense complete drying of
the gas is not achievable. The flow rate of the gases is too
high, and the amount of moisture in the gases too high, to
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allow more than a proportion to be passed through the wall.
The objective is therefore to produce a discharge limb that
will allow enough moisture to pass through the all as
possible, so that the filter will not clog during use and before
it is replaced. The amount of moisture in the expelled gases
passing along the discharge limb will depend on a number
of factors, such as the humidity in the gases provided to a
user, the humidity generated by the individual user, the
length of the surgery, the type of surgery, whether the
discharge limb is connected to an external source of vacuum,
etc. All these factors mean that the amount of moisture in the
gas is highly variable. The applicants propose forming the
discharge limb in such a way as to allow enough moisture to
pass through the wall to keep the filter unclogged and
working effectively for most commonly encountered surgi-
cal situations, and to keep the filter as unclogged as possible
until it is replaced during normal maintenance of the insuf-
flation circuit.

[0194] One factor allowing the passage of moisture
through the wall of the discharge limb is the surface area of
the wall. The diameter of the discharge limb 301 and the
length of the discharge limb 301, also affect the rate of
transfer of vapour through the wall, as these have a direct
impact on the flow rate of gases within the discharge limb.
The applicants have carried out testing using a single type of
conduit as the discharge limb and the test results positively
indicate that a useful proportion of the water in the discharge
limb will pass through the wall before reaching the filter, and
that there is therefore value in having a breathable discharge
limb. These test results are discussed later as Example 1.
[0195] Based on these test results, it is anticipated that
smoke evacuation systems having discharge limbs with
properties as outlined below will be beneficial and provide
surgical teams with a useful choice. Preferably as much of
the wall of the discharge limb 301 as possible is made of a
breathable material, in order to increase the surface area
available for the transfer of water vapour from inside the
discharge limb to the outside.

[0196] Preferably the length of the discharge limb 301 is
at least 400-1500 mm. The discharge limb may be come in
two forms. In one form the limb is long enough to contact
the floor as it extends from the operating table. In another
forth the limb is not long enough to contact the floor. The
limb is shorter than the height of the operating table upon
which a surgical procedure is taking place.

[0197] Preferably the internal diameter of the discharge
limb 301 is between 10 mm and 25 mm.

[0198] Preferably the surface area of the discharge limb is
between 12560 mm.sup.2 and 47100 mm.sup.2 or any other
suitable value.

[0199] Preferably at least 10% of the surface area of the
wall of the limb comprises a breathable material.

[0200] The discharge limb is also preferably substantially
flexible. “Flexible” in terms of this context refers to the
discharge limb being unable to support its own weight.
Flexible also means it is easily bendable without damage or
permanent.

[0201] All of the materials referred to above can be
formed into thin films. A number of ways are described in
the art for forming thin flat films or ribbons into discharge
limbs. These include helical winding. Alternatively, these
materials can be directly extruded to form a discharge limb.
Alternatively, it is anticipated that the conduit could be
formed from short, ring-shaped portions of material laid and
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connected in series or end to end. All or some of these
portions could be made from breathable material--for
example, the breathable sections could alternate with the
non-breathable sections. Any of the forming methods known
in the art can be used for forming the conduit of the present
invention. The conduit could also use a (non-breathable)
reinforcing bead wound helically around the conduit, or a
longitudinal reinforcing spine or bead, or similar. Annular
reinforcing rings could also be located at intervals along the
discharge limb. The conduit could also be formed from two
ribbons wound as a double helix, with one of the ribbons
being breathable, and the other non-breathable.

Discharge Limb Support

[0202] The discharge limb 301 may be any suitable length.
In one form the discharge limb 301 may be long enough to
contact the floor. In another form the limb May not be long
enough to contact the floor. Preferably the limb is between
400 min and 600 mm long, the most preferred length being
470 mm. In use the limb hangs downward as it extends away
from the surgical site. The filter is the low point when the
limb hangs downward, since the filter 303 is at the end of the
limb. This can be problematic since moisture built up within
the discharge limb runs downward toward the filter attached
to the outlet of the discharge limb. This moisture can cause
the filter to get clogged and reduce the effectiveness of the
smoke evacuation system. The problems of moisture build
up and clogged filters have are discussed above.

[0203] The smoke evacuation system 300 preferably com-
prises a smoke evacuation limb support. Various forms of
the support are shown in FIGS. 3, 9 10, 11 and 12. The
support 320 supports the smoke evacuation limb such that
the filter is directed away from the ground. The support 320
holds the limb 301 in such a way that a U bend is formed in
the limb. Preferably a section of the smoke evacuation limb
is bent to stop condensation flowing toward the filter 303, for
example by placing it in the support 320 so as to direct the
filter away from the ground. The U bend acts as a water trap
for any condensation or moisture built up in the limb and any
condensation formed accumulates within the trough formed
by the U bend. The U bend is seen in FIGS. 9, 10, 11 and
12

[0204] FIG. 3 shows the preferred location of the support
in relation to the other elements of the smoke evacuation
system. The support is preferably located near the exit end
of the discharge limb, closer to the filter than the patient.
Alternatively the support may be located at any point along
the discharge limb. The structure of the support will be
discussed in more detail with respect to FIGS. 9 to 12.
[0205] One form of the support may include legs attached
to extending from the support. The various forms of legged
supports are shown in FIGS. 9 and 10. Legged supports can
be used when the discharge limb 301 is long enough to
contact the ground. The preferred form of legged support is
shown in FIG. 9. The support 900 preferably may maintain
at least three contact points with the ground to provide
maximum stability. The support 900 includes a body 901.
The body 901 is preferably substantially curved to form a U
shape, as seen in FIG. 9. Alternatively the body may be
curved in any other shape that creates a U shaped bend in the
discharge limb before the filter 303. The body 901 is
preferably made from a substantially rigid material. The
support 900 preferably includes at least two receiving fea-
tures 905. The receiving features 905 receive and retain the
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discharge limb 301 in the correct orientation. The most
preferred orientation is when the filter 303 is directed away
from the ground. Most preferably the receiving features are
slots or rings, one at each end of the support 901. Alterna-
tively the receiving features may be grooves or clips that can
be opened and clipped to receive and retain the limb 301.
The limb 301 preferably snap fits into the receiving features
905. The limb 301 can be easily removed from the support
900. The receiving features 905 are preferably formed
integral to the body 901. Alternatively the receiving features
905 may be separately formed and connected to the body by
any appropriate fastening technique or mechanism. The
body 901 of the support 900 preferably has a channel 906
formed within it. The channel 906 is shaped to receive and
retain the limb 301 within it. The support 900 may be formed
from plastic material. Alternatively the support 900 may be
formed from metal or any other suitable rigid material. In the
preferred form the support 900 is vacuum formed but may
alternatively formed from any other suitable material.

[0206] The support may preferably comprise two legs 902,
903 extending from the body of the support. The legs act to
prop up the support and allow the support to hold up the
limb. The two legs provide two of the contact points with the
ground. The body 901 of the support may include a stand
member 904 that acts as a third contact point. Preferably the
stand member is an elongate member as shown in FIG. 9.
Alternatively the stand member 904 may be any other
suitable shape that provides a stable contact point with the
ground and allows the support to stand. Alternatively the
support 900 may not include a stand member 904. The third
contact point may be due to the body 901 of the support
bearing on the ground and providing stability for the support
900. The support may have multiple legs and multiple
ground contact points. Such alternative embodiments are
also within the scope of this specification.

[0207] A further alternative form of legged support is
shown in FIG. 10. The support 1000 may include only two
legs 1002, 1003, as shown in FIG. 10. The support 1000
includes a support body 1001. The support body may be
substantially similar to the support body 901 described with
respect to FIG. 9. The support body 1001 is preferably U
shaped as seen in FIG. 10, but could be curved in any other
shape. The support 1000 holds the discharge limb such that
the filter is not the lowest point of the limb 301. The lowest
point of the limb is preferably the lowest point of the U bend.
The support body 1001 may include a receiving feature 1005
at each end of the support body 1001. The receiving feature
is preferably slot but could be a ring, groove or clip. The
receiving feature 1005 receives and retains the discharge
limb 301 in the correct orientation. The discharge preferably
snap fits into the receiving features 1005. The support body
1001 may also include a channel 1006 to receive and retain
the discharge limb 301 within it. The legs 1002, 1003 are
specifically designed to keep the support stable when in
contact with the ground. The legs may be shaped such that
one leg is larger than the other, the large leg having a large
contact area with the ground with a smaller leg providing
stability and a second contact point. An example of this is
shown in FIG. 10 with leg 1003 being the larger one and leg
1002 being the smaller leg.

[0208] In a further altermative form the support may
include a righting mass attached to it, or housed within it.
The righting mass (not shown) may be a moveable weight
like a fluid or ball bearings or any other suitable moving
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weight. Preferably the righting mass may be housed in one
of the legs of the support 900. The righting mass may also
be housed in the body 901 of the support 900. Preferably the
support is housed substantially in the middle of the support
or connected close to the middle of the support for example
the righting mass may be housed within or connected near
the lowest point of U shaped body 901 of the support. Most
preferably the righting mass is housed in the stand member
904 or connected close to the position where the stand
member 904 attaches to the support. In an alternative the
legs 1002, 1003 of the support 1000 may include a righting
mass within one or both of the legs 1002, 1003. In a further
alternative one of the legs of the support may be larger than
the other and heavier than the other leg or legs. The larger
leg may act as a righting mass due to its size or shape or a
combination thereof. The leg of the support may take any
suitable shape that allows it to act as a righting mass. The
righting mass may be formed of any suitable, material like
a metal. Preferably the material of the righting mass may be
heavier than the support to allow the righting mass to
effectively stabilise and correctly orient the support when in
use. In a further alternative the support may include multiple
righting masses to stabilise the support and ensure the
support is oriented the correct way around. The righting
mass or masses is advantageous because the righting mass
stabilises the support and ensures the support is in the correct
orientation in use. The righting mass counteracts any forces
or moments that may be applied to the support while in use,
for example due to the limb 301 being pulled or the support
900 or 1000 being bumped. The righting mass adds stability
to the support to ensure the support remains in the correct
orientation. Moving the support from its correct orientation
may lead to condensation running toward the filter or may
cause damage to the limb 301 or filter 303. The support 900
being in the wrong orientation may also lead to other adverse
effects on the smoke evacuation system. The righting mass
helps to stabilise the support so that it remains in the correct
orientation.

[0209] In an alternative form the support may have no
legs, as shown in FIGS. 11 and 12. A legless support may be
used when the discharge limb is not long enough to contact
the floor. One embodiment of a legless support is shown in
FIG. 11. The support 1100 may be attached to another
feature like a wall or a bedpost. Attachment may be perma-
nent, for example by a suite or fastening mechanism or
attachment may be temporary for example by non perma-
nent adhesive, clips or hook and loop features. In a further
alternative form the support may be adhesively attached to
another feature. The support 1100, as seen in FIG. 11
preferably includes a support body 1101. The support body
1101 is substantially similar in shape to the support body 901
shown in FIG. 9. The support 1100 is substantially U shaped
but alternatively the support 1100 may be in any other
curved shape. The support receives and retains the limb 301
and holds the limb 301 in the preferred orientation, where
the filter 303 is pointing away from the ground. The support
1100 holds the limb 301 in a way that the filter is not the
lowest point of the limb. The support 1100 may also include
a receiving feature 1105 at either end or at each end of the
support. The receiving feature 1105 is preferably a slot but
may be a groove, ring or clip. The receiving feature 1105
receives and retains the discharge limb 301 in the correct
orientation. The support body 1101 may also include a
channel or groove 1106 in it. The channel 1106 acts to
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receive and retain the limb 301 within it. The discharge limb
301 preferably fits into the receiving feature 1105 and the
channel 1106 by snap fit. Alternatively the limb 301 may be
clipped into or retained by the receiving features 1105 in any
other suitable way. The support without any legs may also
include a righting mass within the support body 1101 or
attached to the support body 1101. In one further form the
righting mass may be a member protruding from the body of
the support. The member may act to counteract any forces or
moments applied to the support during use, such that the
support remains in the correct orientation.

[0210] A further alternative form of a legless support 1200
is shown in FIG. 12. Such a legless support is preferably
used with a discharge 1imb that is not long enough to contact
the floor. In one form the support may be a retaining member
1200 that extends from the filter 303 and engages with one
part of the discharge limb 301. The retaining member 1200
is preferably an elongate member that extends outward from
the filter and engages with part of the limb 301 to bend or
contort the limb into a substantially U shape, as shown in
FIG. 12. The retaining member 1200 may include a retaining
feature 1201 on one end. The retaining feature 1201 may be
a hook or a loop. The discharge limb 301 fits into the
retaining feature 1201. Alternatively the support 1200 may
be a clip that can open and close to receive, and hold the limb
301. Preferably the retaining member 1200 may be formed
integral with the filter. Alternatively the retaining member
1200 may have second retaining feature (not shown) on the
opposing end of the first retaining feature 1201 that engages
with the limb 301, preferably at a point adjacent the filter
303. The retaining member 1200 may be formed from a rigid
material like plastic or metal.

[0211] As a further alternative, the support may not hold
and retain the discharge limb within it. The rigid support
may be hollow and tubular shape, such that it forms, a sealed
gases pathway and allows smoke to flow through it and out
toward the filter. A first end of the support may be connected
to the outlet end of the discharge limb and the second end of
the support is connected to filter. The gases and/or smoke
from the surgical site travel from the discharge limb to the
filter through the support. In another forth the second of the
filter may be connected to a secondary limb that connects
between the support and the filter. The secondary limb may
also be similar in structure and material to the discharge
limb. The secondary conduit is substantially flexible and
preferably at least part of the secondary conduit is formed
from a breathable material such that the breathable material
allows water vapour to pass out of the secondary conduit to
ambient air without allowing the passage of liquid water or
surgical smoke and/or gases.

[0212] The support connects to the discharge limb, filter
and/or the secondary conduit by a threaded connection.
Alternatively the support may have couplers on both its ends
that connect the support to the discharge limb, filter and/or
the secondary conduit. In a further alternative arrangement
the support may be connected to the discharge limb, filter
and/or the secondary conduit by plastic or solvent welding.

Water Out Alarm

[0213] In an insufflation system incorporating a humidi-
fication chamber, a minimum level of water should be
maintained in the humidification chamber in order for the
humidification chamber to have the ability to humidify
incoming gases. The insufflation system 100 may be used
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with the smoke evacuation system 300. When combine the
smoke evacuation system includes a humidification chamber
103 and a heater base 102 attached to it and a gases source
supplying gases to the humidification chamber and then into
the surgical site. The humidification chamber 103 requires a
minimum level of water to allow the humidification chamber
to adequately humidify incoming gases. Accordingly a
health professional or person using the insufflation system
needs to keep checking the water level in the humidification
chamber and add more water when required. This job can be
tedious one and is often overlooked.

[0214] One way to measure the amount of water and
determine a low water or no water condition in the humidi-
fication chamber 103 is to use a flow probe which automati-
cally determines when the water level drops to an insuffi-
cient level and raises an alarm.

[0215] The preferred method of measuring and monitoring
the amount of water in the humidification chamber will be
described. A low water, no water or water out condition as
referred to in this specification means when there is either no
water or d very low water level in the humidification
chamber. A very low water level corresponds to a water level
that is insufficient for humidification of the insufflation
gases. The method to determine a water out condition in a
humidification chamber 103 involves measuring the cham-
ber 103 exit temperature, power supplied to the heater base
102 and a change in the gases flow through or into the
chamber 103. Water out condition refers to a zero water level
or very low water level in the chamber 103. The chamber
103 humidifies insufflation gases passing through it by water
vapour created in the chamber 103. The chamber 103
includes a volume of water that is heated by the heater plate
102. At least some of the water in the chamber 103 becomes
water vapour when heated by the heater 102. The insuffla-
tion gases flowing through the chamber collect the water
vapour and are humidified. The water in the chamber 103
reduces due to continuous use and drops to a point where
there is not enough water to humidify the insufflation gases.
The method described below is the method implemented by
the controller to detect a low water level but more preferably
a zero water level condition in the chamber 103.

[0216] The method involves measuring the exit tempera-
ture of the chamber 103, more specifically measuring the
temperature of the gases exiting the chamber 103. As the
water in the chamber reduces to a level where the gases are
not adequately humidified the temperature of the outlet
gases reduces. This is because the water vapour imparted
into the gases by humidifying is may be at a higher tem-
perature than the gases. The temperature of the gases exiting
the chamber 103 reduces when there is very little or no water
in the chamber 103 because there is no energy transferred to
the gases by the water vapour. The temperature of gases
exiting the chamber 103 is set by the controller 104. The exit
temperature is programmed into the controller 104 based on
the type of operation and amount of humidity required for
the insufflation gases. The controller 104 attempts to counter
the decrease in the exit temperature by increasing the heater
duty cycle to increase the heating provided by the heater
base 102. In the preferred method the controller measures a
decreasing temperature of gases exiting the chamber 103
while also monitoring the response of the heater base. If the
temperature of the gases exiting the chamber continuously
drops as the power supplied to the heater base is constant or
increasing indicates a low water or no water situation in the
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chamber. The controller 104 alerts the user, sounds an alarm
or switches off the power to the heater plate when a low or
no water situation is detected. The controller preferably
switches off the power to the heater base. In addition the
controller may also alert the user by sounding a buzzer or
displaying a message on a screen 106 attached to the
insufflator 101.

[0217] The method also measured the flow rate of gases
flowing through the chamber 103 for a more accurate
measure of the low or no water situation. The temperature of
the gases exiting the chamber 103 can also drop if the flow
rate of the gases entering and flowing through the chamber
103 increases. The increased flow rate causes a larger
volume of insufflation gas to pass through the chamber 103.
The larger volume of gases requires more energy from the
water vapour, hence leading to a temperature drop as the
gases exit. A larger flow rate of gases requires a larger
amount of water vapour for the gases to be humidified to a
suitable level. The controller compensates for the increased
gases flow by increasing the power to the heater base in
order to cause more water in the chamber 103 to evaporate
such that the gases are humidified to a suitable level. In order
to determine a low water or no water condition in the
chamber the controller 104 also monitors the gases flow rate
through the chamber 103. A low water or no water condition
in the chamber 103 is determined when the gases flowing
through chamber are not increasing.

[0218] The controller 104 measures the outlet temperature
of the chamber, meaning the temperature of the gases
flowing out of the chamber 103. The controller also mea-
sures the power supplied to the heater base 102 and mea-
sures the flow rate of gases through the chamber 103. A low
water or no water condition is determined if there is a drop
in the temperature of gases exiting the chamber 103, while
the power to the heater base is constant or increasing and the
flow rate of gases through the chamber 103 is substantially
constant or not increasing. If the temperature of the gases
exiting the chamber 103 begins to drop the controller 104
increases the power to the heater base 102. The controller
104 can determine a low water or no water condition if the
temperature of the gases exiting the chamber 103 and the
power to the heater base 102 diverge away from each other.
This means if the temperature of the gases exiting chamber
103 is continuously decreasing while the power supplied to
the heater base 102 continuously increases. A low water or
no water is confirmed if for at least two minutes the
controller determines the temperature of the gases exiting
the chamber 103 is decreasing, the power supplied to the
heater is constant and rising and the flow rate of gases
through the chamber 103 is constant or not increasing.

[0219] The temperature of the gases exiting the chamber
can be measured using any suitable temperature sensor. The
flow rate of the gases entering the chamber 103 can also be
measured by any suitable flow sensor. The preferred sensor
for measuring flow rate of gases is hot wire flow sensor like
a hot wire anemometer. The temperature sensor may also be
a wire based temperature sensor. In the preferred form the
temperature sensor and flow sensor are in the same sensor
housing. Hot wire flow sensors may register a reduction in
flow due to the reduced cooling effect of the lower humidity
gases. This generally occurs when there is a low or no water
condition in the chamber. The gases flowing through the
chamber are inadequately humidified or not humidified at
all. The lower humidity gases cause a cooling effect on the
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wire probe of the hot wire sensor thus causing the sensor to
output an increased flow rate reading. The controller also
checks for a reduction in flow rate due to this cooling effect.
Areduction in flow rate, a reduction in the temperature of the
gases exiting the chamber 103 and an increased or constant
power to the heater plate all corresponds to a low or no water
condition in the chamber. In an attempt to reduce false
alarms, the Water out test only functions in a low flow case.
When the controller senses a low flow situation it runs the
outlined method to measure the water level in the humidi-
fication chamber. The low flow empirically acts as a good
filter for false alarms. Preferably this method is stored in
ROM and implemented by the software based controller.
Alternatively the method of measuring the water level may
be implemented as an analogue electronic circuit. As a
further alternative the method may be implemented as a
digital circuit using flip flops, latches etc.

[0220] While the invention or inventions are susceptible to
embodiment in different forms, specific embodiments are
shown in the drawings, and described in detail above. The
present disclosure is to be considered an exemplification of
the principles of the invention, and is not intended to limit
the invention to that as illustrated and described herein.

EXAMPLE 1

Purpose:

[0221] The purpose of this testing was to compare, the
build up of condensation when using a breathable tube
versus a PVC tube when combined with a laparoscopic
smoke evacuation filter in conjunction with the Fisher &
Paykel Healthcare MR860 Humidification system.

[0222] A test was carried out to compare the difference
between using a non-breathable PVC tube as the discharge
limb in a smoke evacuation system 300 and using a conduit
which is at least partly breathable. The test set out to
measure which type of conduit or tubing resulted in the least
amount condensation forming within the discharge conduit
and filter attached to the discharge conduit. The test used an
experimental rig to simulate the conditions which would
normally be encountered in an insufflated abdominal cavity
undergoing surgery.

[0223] The method steps as performed by the inventors to
perform the test are described below:

Method:

[0224] Step 1: Set up the patient model with two holes in
the 1id 20 cm apart, as shown in FIG. 4 by reference 10. Seal
the top of each hole with a piece of thin silicone. The
silicone will have a hole 50% of the cannula diameter. Add
1 L of water to the model and seal the patient model lid to
the container with a silicone sealant. Insulate the patient
model] fully with polystyrene or similar insulator. Use cloth
on the lid and edges to cover the entire patient model.

[0225] Step 2: Set the patient model air temperature to
37.degree. C. Have the 11 mm cannula port open and the 5.5
mm cannula port closed. Set up the MR860 heater base and
RT350 System as detailed in their user instructions. Connect
the luer end of the heated limb to the 11 mm cannula port.
[0226] Step 3: Set the insufflator pressure to 12 mm/Hg
and the flow rate to 3 L/min. Turn the carbon dioxide bottle
on and make sure the insufflator indicates gas is remaining
in the bottle. Start die gas flow and switch on the heater base.
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[0227] Step 4: Measure and record the dry weight of the
smoke evacuation system complete. In the event the scales
are too small to accommodate the entire tubing set use a stiff
board and then zero the scales prior to placing the tubing set
on top as shown in FIG. 5.

[0228] Step S: Connect the smoke evacuation system luer
to the 5.5 mm cannula port. Set up the tubing as shown in
FIG. 4 so that the tubing angles down slightly after the luer
so that any condensation will pool at the bottom. The filter
should be a significant height above the exit cannula port as
shown in FIG. 6.

[0229] Step 6: The setup should look like FIG. 7. Note that
in this figure the insufflator, MR860 and MR730 have not
been turned on as they, should be. This figure is to only give
an overall impression of the layout of the experiment.
[0230] Step 7: Once the heater base and patient model
have stabilised at their correct temperatures, open the 5.5
mm cannula gas port fully to allow gas to travel out the
cannula and through the smoke evacuation system. Reset the
gas volume on the insufflator. Let the experiment run for 60
minutes, then turn the 5.5 mm cannula gas port off to stop
the flow through the smoke evacuation system. Stop the
insufflator gas flow.

[0231] Step 8: Carefully disconnect the smoke evacuation
system from the cannula ensuring no condensation is split
out either end (i.e: hold in a ‘U’ bend shape). Measure and
record the wet weight of the smoke evacuation system
complete, similar to step 4. In the event the scales are too
small to accommodate the entire tubing set use a stiff board
and then zero the scales prior to placing the tubing set on top.
[0232] Step 9: Once the weight has been recorded remove
the blue filter tip and connect an air line to the top of the filter
as shown in FIGS. 8¢ and 8b. Flush with dry air for 10
minutes at a low flow rate to dry the filter and tube.
Reconnect the blue filter tip and weight the tubing set as in
step 4 in preparation for the next test.

[0233] Step 10: Change the flow rate to 6 L/min. Check
that there is enough water in the RT350 chamber and top up
if necessary. Start the gas flow again and wait for the heater
base and patient model to stabilise at their correct tempera-
tures. Repeat steps 5 to 9.

[0234] Step 11: There are 8 tests in total. The Breathable
tubing with combined Clearflow smoke filter is tested twice
at 6 L/min and twice at 3 L/min. The same is repeated for the
standard PVC Clearflow Smoke Evacuation System.

Results:

[0235] A summary of the results is shown below in table
1.

TABLE 1

Results table

Flow rate  Dry Wet Difference  Average

Tube L/min grams grams grams grams
Breathable tube 6 72.097  72.885 0.788 0.816
Breathable tube 6 72.128 72971 0.843

PVC 6 35351 36.502 1.151 1.232
PVC 6 35317 36.63 1.313

Breathable tube 3 72.109  72.775 0.666 0.693
Breathable tube 3 72112 72.832 0.72

PVC 3 35.635  36.235 0.873 0.863
PVC 3 35335  36.187 0.852
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[0236] The results show that using the Breathable tube
tubing reduced the amount of condensation build up by
33.7% when compared with the PVC tubing when the
insufflator is set to 6 L/min. Similarly the results show that
the Breathable tubing reduces the amount of condensation
build up by 19.6% when compared to with the PVC tubing
when the insufflator is set to 3 L/min.

[0237] When testing the smoke evacuation filter system
with the PVC tube there was significant condensation build
up on the walls of the tube right up to the filter despite being
higher than the exit port cannula. This was not the case with
the Breathable tube. The Breathable tube was connected to
both the luer and the filter via a small piece of PVC tube, see
FIG. 6. During testing there was significant condensation on
the walls of the PVC tube connecting the luer to the
breathable tube but no condensation on the tube connecting
the breathable tube to the filter.

[0238] The results from this experiment clearly show that
the smoke evacuation system with a breathable conduit was
more effective than the standard smoke evacuation system.
This is because there is reduced condensation formed on the
tube or filter of the smoke evacuation system with a breath-
able conduit.

1. (canceled)

2. A surgical filter assembly comprising:

a discharge assembly forming a gases pathway to trans-
port gases from a surgical site, the discharge assembly
configured to discharge gases to atmosphere, the dis-
charge assembly comprising:

a filter configured to filter gases passing through the
filter; and

a drying device positioned upstream of the filter rela-
tive to the direction of gases flow through the dis-
charge assembly, the drying device configured to dry
gases by removing moisture from the gases flow.

3. The surgical filter assembly of claim 2, wherein the
drying device comprises a material that is configured to
absorb some water vapour from the discharge gases.

4. The surgical filter assembly of claim 2, wherein the
drying device is a breathable device.

5. The surgical filter assembly of claim 2, wherein the
drying device is configured to allow passage of water vapour
from the drying device without allowing the passage of
liquid water.

6. The surgical filter assembly of claim 2, wherein the
drying device comprises a breathable tube.

7. The surgical filter assembly of claim 6, wherein the
breathable tube comprises a breathable wall configured to
allow passage of water vapour out of the breathable tube
without allowing the passage of liquid water.

8. The surgical filter assembly of claim 6, wherein the
breathable tube comprises an inlet end and an outlet end, the
inlet end in fluid communication with the surgical site and
the outlet end in fluid communication with the filter.

9. The surgical filter assembly of claim 2, wherein the
filter is in fluid communication with atmosphere to allow
discharge gases to pass to atmosphere through the filter.

10. The surgical filter assembly of claim 2, wherein the
drying device comprises a hydrophilic thermoplastic.

11. The surgical filter assembly of claim 2, wherein the
drying device comprises a PTFE material.

12. The surgical filter assembly of claim 2, wherein the
drying device comprises a woven textile fabric.
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13. The surgical filter assembly of claim 2, wherein the
surgical filter assembly is a passive filter assembly.

14. The surgical filter assembly of claim 2, wherein the
filter is located downstream of the surgical cavity and at a
lower pressure than the surgical cavity.

15. The surgical filter assembly of claim 2, wherein the
drying device is positioned between filter and the surgical
site, the drying device defining a fluid passage through it.

16. A surgical filter assembly comprising:

a discharge assembly forming a gases pathway to trans-
port gases discharged from a surgical site, the discharge
assembly comprising:

a drying element comprising a body and a lumen
defined through the body to transport of gases from
the surgical site, the drying element configured to dry
gases by removing moisture within the gases; and

a filter in fluid communication with the drying element,
the filter configured to filter dried gases from the
drying element, the drying element positioned
between the surgical site and the filter.
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17. The surgical filter assembly of claim 16, wherein the
filter is arranged in series with the drying element.

18. The surgical filter assembly of claim 16, wherein the
body of the drying element comprises a breathable material
configured to dry gases.

19. The surgical filter assembly of claim 18, wherein the
breathable material comprises a hydrophilic thermoplastic, a
perflourinated polymer, or a woven material.

20. The surgical filter assembly of claim 18, wherein the
drying element is a breathable tube, the breathable tube
comprising a breathable wall portion comprising the breath-
able material to allow passage of water vapour out of the
breathable tube.

21. The surgical filter assembly of claim 20, wherein the
breathable tube is between 400 mm and 1500 mm long.

22. The surgical filter assembly of claim 18, wherein at
least 10% of a surface area of the drying element comprises
the breathable material.
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