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FILTER FOR USE IN MEDICAL PROCEDURES

| TECHNICAL FIELD
This invention relates to a filter for use in medical
procedures, more particularly, for use in laparoscopic or

endoscopic surgery.

BACKGROUND OF THE INVENTION -

Dﬁring some medical procedures, e.g., laparoscopic and
endoscopic surgery, a suitable gas 1is introduced into the
abdominal cavity to inflate the abdomen. The i1nflation of
the abdomen tends to separate the interior organs and to
provide an enlarged cavity within which to perform the
sui:gery. For example, one or more Ltrocars can be used to
puncture the abdomen, and insufflation gas can be passed
through at least one of the trocar (s) to inflat_é the abdomen.
One or more instruments involved in the surgery’, e.'g.. , a
laparoscope, scalpel, laser and/or electrocautery device, can
be inserted through the appropriate trocar(s) as needed.

When a particular procedure requires cutting of tissues
and/or blood vessels, lasers, ultrasonic tissue fragmentation
devices and electrocautery devices can be used as they are
easily manipulated, and produce relatively clean cuts.
Moreover, they have a cauterizing 'effect, thus limiting
bleeding. g |

- Once surgery is completed; the gas used to inflate the
cavity is vented from the abdominal cavity. Additionally,
since cutting withk lasers, ultrasonic tissue fragmentation
devices and electrocautery devices often produces vapor or
"smoke,” that can cloud or obstruct the surgeon’s view of the
op‘erative_ site, the surgeon may vent gas (including smoke)

during the surgerv to remove the smoke from the abdominal
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cavity. For example, the surgeon may release a valve

"a88001ated with a cannula communlcatlng with one of the

trocars and vent the smoke to the surroundlng atmosphere
.Alternatlvely, the smoke can be rec1rculated e.g., withdrawn
from one trocar and reintroduced 1nto the abdomlnal cav1ty
through another trocar. ' '

~ However, the smoke can contain toxic, odiferous, and

- otherwise undesirable material (e.g., benzene, hydrogen..
'cyanlde,.toluene, formaldehyde, carbon monoxide, 'Vlruees
.bacterla, cells,'and/or body fluids from diseased tlssue of

the patlent) that, 1f released into the enV1ronment of the

Operatlng room, could expose the surgeon and the surgeon =8

‘staff to a health risk. .Addltlonally,-the release or

rec;rculatlon~of this smoke (that can, for example, contain
bacteria and/or viruses) oan subject the patient to the risk
of additional'contamination, e'g via absorptlon through the
peritoneum, or by entering the body at a location other than
the abdominal cavity. ,

' Attempts have been made to filter some of the gas passed
from the abdomlnal cavity of the patient. However, these
filters have suffered from a number of drawbacks. - For
example, some of the filters are bulky, and 1nterfere'w1th

- the surgeon’s vision and/or the surgeon s ability to move in

and around the surgical site. The filters may-be easily
plugged, fail to remove suff1c1ent unde81rable material
and/or may require a labor intensive effort (possibly

'requlrlng numerous steps) to operate. Special equipment

(e.g., instruments, valves and/or evacuators) may have to be,
utilized with the filters. .Alternatlvely, or addltlonally,
the filters may be unsultable for use with adjustable gas

flow rates and/or gas flow rates of about 1 llter/mln or more

at standard insufflation pressure.
The.present'invention.provides for'ameliorating at least

some of the disadvantages of the prior art. These and other

advantages of the present invention w1ll be apparent from the

'.descrlptlon as set forth below.
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DL (U.S. Patent No. 5,108,474) discloses a smoke filter
that is hermetically sealed into a housing or canister. The
fiiter is utilized in a conventiocnal vacuum system, and the

filter is placed in the ocutlet of the smoke filtes houging.
> D2 (U.3. Patent No. 4,561,868) discloses a canister
filter assembly for use in a vacuum line for trapping
particulates and liquids from fluid drawn through the vacuum
line including a cupped shaped ceontainer portion and a i1id
porticn disposed over the container in sealing engagement

10 therewith.

D3 (U.s. Patent No. 5,507,847) discloses an improved
filter unit suitable for use in a variety of clean air
filtration applications.

D4 {International Publication No. WO 08/31451,

15 c<corresponding to EP 0,960,644 Al), disclozegs a filter medium-
by uge of which a long-life compact air cleaning system
naving a function of removing floating fine particles from
the aixr, and a function of decoemposing organisms for
deodorizing and antibacterial effects is provided.

20 D5 (U.S. Patent No. 4,487,606) discloses a suction
canistexr assembly comprising an enclosed receptacle having a
first opening for providing suction to the receptacie and a
second opening for drawing fluids, including liquids and
gases, 1nto the receptacle during suction.

25 Dé (U.S. Patent No. 5,647,881) discloses a vacuum

cleaner bag with high fine particle removal efficiency under
normal and sheck loading conditions, shock loading including
a short term challenge with high particle concentrations
(€.¢., wheén a vacuum is used to pick up a pile of debris).
30 D7 (DE 196,06,718 Al) disclcges 2 multi-layer bag
ftilter with a filter bag and a Sécuring plate, especially for
a vacuum cleaner. '
pg (U.s. Patent No. 4,894,074) discloses a Tilter
censisting of hellow cylindrical cpen-pore ceramic foam
33 cylinder elements and an end plate made of gas-impermeable
material, as an insert in a filter cup for cleaning exhaust
gases of diesel engines, in which the exhaust gases flow

AMENDED SHEET
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through the active filter section essentially perpendicularly
to the ¢ylinder axis.
DP (U.S. Patent Ne. 5,205,850) discloses a particulate
filter including a housing having opposite ends, a pair of
> support walls adjacent respective opposite ends of the
housing and defining therein an interior, and a pair of pure
gas chambers defined at respective Opposite ends of the

housing at sides of the respective support walls outwardly of
the interior.

AMENDED SHEET
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SUMMARY OF THE INVENTION
In accordance with an embodlment of the 1nstant

1nvent10n,'a filter device for gas(es), preferably gaS'vented

from a patient’s body cavity (e.g. durlng laparoscoplc

'surgery) is prov1ded comprlising at least one flexible fllter_'
- comprising a flexible filter element, wherein the filter

device is arranged to allow gas to pass therethrough. For

~example, a surface of the fleXible filter can provide a wall

or side of the filter device, wherein gas passes from one

surface of the flex1ble filter, through the filter, and -
through an opposing surface of the fllter, wherein a wall or

the fllter

side of the filter device comprlses the OPPOSing surface of

In some embodlments, the filter dev1ce comprlses a

housing and at least one filter element, wherein at least a

portion of the housing 1is flexible and allows gas to pass

therethrough, the filter device being arranged to allow gas

portion of the hous1ng

to pass through the fllter element(s) and the flex1ble-

In another embodlment the filter device somprises.a
housing and at least one filter element, 'whereln the filter

element has an effective filtration area of at least about

12.9 cm® (at least about 2 in®), the fllter device belng
arranged to allow gas to pass through the fllter element(s)
and.through a portion of the housing.~ '

In some embodlments, at least a portlon of the houS1ng
and/or the filter element is flexlble In other embodlments,

 ,the hou51ng and the filter element are substantlally

inflexible.

In preferred embodiments, the fllter deV1ce removes

laparoscoplc smoke and reduces odor as the gas passes through

the device to the exterlor of the hou51ng

Embodiments of the filter and filter device are suitable

for use at any deSirable'constant or variable gas flow rate;

surgery) .

In an embodiment,

Preferably, the filter device can be easily added to any

suitable system (e.qg., a'system for use in laparoscopic

the filter device (that can be
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part of a set) allows one- handed gas flow adjustment

' Embodlments of the invention are{partlcularly for use in

surgical environments, espec1ally'for use in laparoscop1C'-
surgery, as they can allow the surgical procedure to be
completed more quickly and/or cost eff1c1ently,,e g., by

‘reducing the amount of valuable surgeon-, nurse-, technlclan4
and/or operating room-time needed for the procedure Time .
‘savings are particularly advantageous, since, for example, as

of 1999, at least one study'has estimated the value of time
in the operatlng room during laparoscopic surgery aS'well
over $120 per manute.

In accordance with the 1nventlon, a gaS“filter
(preferably a smoke filter) comprises a retentive member,
i.e., it retains at least one undesirable material such as at
least one of mlcroorganlsms (e.q. bacter1a),_v1ruses, cells, 
body'flulds, aerosols and llquld.droplets, and allows at
least a portion of the gas to pass through the. retentlve
member, wherein the gas is depleted of at least some level of
the undesirable material(s). The retentlve member may also
retain or reduce the passage therethrough of other
undesirable material such as at least one of benzene,

~hydrogen cyanlde, formaldehyde,.and toluene, and/or the

member may reduce the passage of odor therethrough. The smoke
filter comprises at least one porous substrate of any

suitable nature, e.g., a porous medium such as a fibrous web,

a membrane, combinations thereof, and the like. Typlcally,

~at least a portion of the smoke fllter is flexible.

- Typically, the~gas filter comprlses at least one smoke
filter element comprising a porous retentlve substrate,[
preferably a porous retentive medium. The porous substrate
can have any suitable physical dlmen31ons and typlcally’W1ll

- be in sheet form having two opp051ng 51des (e.g., a first
‘side and an opposing second side) with a central portion

therebetween, wherein the pores in the porous substrate will
generally enable fluid communication between the first and
second sides of the porous substrate. Typlcally,_the gas

filter comprises a smoke fllter element comprising at laast
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microporous membrane) and/or at least one hydrophobic fibrous

medlum, through which the fluid (e.g., gas) to be treated
passes. ‘The element has two opposing sides (e.g., a firSt
side and an opp051ng second side, in relatlon to a fluid to

be treated whereln at least a portlon of the gas is passed

through the element), with a central portlon therebetween.

The pores in the element generally enable filuid communication

betWeenlthe“two‘Opposing sides (e.g.,‘between the first.and
second'Sides) of the element. , ' '

The smoke filter can have any suitable pore structure,i
for example, a Dicctyl Phthalate (DOP) smokejpenetratlon
rating, or a pore rating (e.g. ablllty to remove partlcles
of a given size to a specified degree, as evidenced, for
example, by bubble point). The smoke filter can‘heve a.pore
structure that is uniform, subStantially uniform, or it can

vary in a continuous, a discontinuous, or a stepwise manner.

For example,_the smoke filter can have‘a graded pore

structure. In some embodiments, the smoke filter 1ncludes a

. plurallty'of elements and/or layers wherein individual

elements and/or layers have different pore structures, e. g
dlfferent pore ratings. For example, the smoke filter can
comprise a smoke filter element having a plurality of layers

‘wherein at least two layers have different pore ratings.

The smoke filter can include additional elements,

layers, or structures, which can also be membranes, or other

porous media. Fcr example, in some embodiments, the smoke

filter can include additional'components that have different

structures and/oxr functions, e.g., at least one of

prefiltration, odor-reduction, support, drainage, spacing and

cushioning. In some embodiments wherein the smoke filter
includes one or more additional elements, at'least_a portion
of each of the additional elements is flexible. '

As used herein, the term “smoke” includes gas (e.g., the

35 insufflation gas!, as well.as'some of the material and/or

some of the by-products produced by the ablation of tissues
and/or blood vessels'(e.g;;.aerosols and droplets); Smoke
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can-inCIude.additional'material,'such as at 1east one of

‘bacteria and viruses.

BRIEF DESCRIPTION OF THE DRAWINGS B
‘Figure 1 is a persPectlve view of an.embodlment of an
assembled smoke filter device. ' | '

to the present invention. _ ,
Figure 3 is a cross- sectlonal'V1ew of the embodiment
illustrated in Figure 1, along line 3- 3, 1nc1ud1ng the smoke

filter arrangement 1llustrated in Figure 2.

Figure 4 is an exploded view of another embodiment of a
smoke filter device lncludlng a smoke fllter arrangement
according to the present invention. o

Figure 5 is an exploded view of another embodiment of a
smoke filter device including.a smoke filter_arrangement
according to the.present.invention. .

Figure 6 1s a cross- sectional'view'of another embodiment

Of a smoke filter device accordlng to the invention wherein
the device does not ‘include a housing, and a portlon of the

- first side wall of the device comprises a surface of the

first smoke fllter;-and a portlon of the second side wall of
the dev1ce comprises a surface of the second smoke filter.

. Flgure 7 is a top view (Flgure 7a) and a cross- sectlonal
view (Figure 7b, along line 7b- 75 of Figure 7a) of another
embodiment of an assembled smoke filter device wherein the

device 1ncludes a manifold including an inlet port.

SPECIFIC DESCRIPTION OF THE INVENTION
In accordance with an embodiment of the present

invention, a gas filter device 1s prOV1ded.comprlslng a gas

filter adapted to fllter smoke, the gas filter having a first

~surface and an Opp081ng second surface, the device having at

least one wall (typically a side wall) compr1s1ng at least a
portion of the second surface of the gas fllter, whereln at
least the portlon of the wall ‘allows gas to pass

Pa—
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therethrough the gas'filter comprising at least'one porous

- filter element comprising a hydrophobic retentlve member,
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whereln the gas fllter device is arranged to allow gas to

pass through the filter and through the portiocn of the wall.
In some embodiments, at least a portlon of the wall is
flexible, and the filter deV1ce is arranged to allow gas to

'.pass through the filter and through the fleX1ble portlon of

the wall. ' '

In an embodiment of'the gas filter deviCe;,the gas.
filter comprises at least two gas fllters (preferably at
least two smoke filters), the first and second gas fllters

_each hav1ng a flrst surface and an opp081ng second surface, -

the device having at least two side walls, the first s1de

wall compr1s1ng at least a portion of the second surface of
the first gas fllter, the second side wall comprlslng at

least a portion of the second surface of the second gas
filter, wherein the gas filter device is arranged to allow

‘gas to pass through the fllters and through the portlons of

the side walls.

In accordance with an embodiment of the present

~invention, a gas filter device is provided comprising a
filter housing having an interior cavity, the housing having
~at least one wall, wherein at least a portion of the wall

allows gas to pass therethrough and a gas filter capable of.
filtering smoke comprlslng at least ohle porous filter
element, wherein the fllter element comprises a hydrophobic
retentive member, and the gas filter dev1ce is arranged to
allow gas to pass through the smoke filter and through.the '
portion of the wall of the housing. 1In one embodiment, the
filter element has an effectlve filtration area of at least
about 12.9 cm’ (about 2 in®). Preferably, the hydrophoblc
retentive member comprises a mlcroorganlsmr and/or '

- Virus-retentive member. In one preferred embodiment, the

filter housing has at least one side wall substantially
comprising a non-woven medium{that al1ows gas to pass
therethrough. ' ' '

In an embodiment, a smoke filter device comprises a
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smoke filtercomprising at least one porous filter element

- comprising a hydrophobic retentiVe'member,.the.filter'element ‘

haV1ng an effective filtration area of at least about 12. S cm
(about 2 in?) , wherein the smoke fllter,devlce is capable of
'fllterlng smoke for at least about 3 minutes of cumulative

smoke with a reduction of gas flow of about 50% or less. The

Lilter element can include at least a portion that is
flexible. In another embodiment, the'filter~e1ement is
substantially inflexible.

Typically, the gas filter comprlses a smoke fllter
1nclud1ng at least one additional element such as a prefllter
element and/or an odor- reduc1ng element that also allow gas
to pass therethrough In an embodiment, the smoke fllter
prevents the passage of bacteria therethrough

In some embodiments, the gas filter device comprises a
housing haV1ng at least first and second side walls, wherein
at least a portlon of each of the two side walls is flexible,
and allows gas to pass therethrough, and at least first and
second smoke filters, each smoke fllter comprlslng at least
one porous fllter'element, each porous filter element .
comprising a hydrophobic retentive member, wherein the_deVice
is arranged to allow a portion of gas to pass through the

first smoke filter and the first side wall, and to allow a

portion of gas to pass through the second smoke filter and

the second side wall. 1In a preferred embodiment, the first

and second smoke ,1lters each include at least one addltlonal-

element such as a prefilter element and/or an odor-reducing
element. In some embodiments, the first and second side walls
of the fllter housing substantlally'comprlse a non-woven
medlum that allows gas to pass therethrough

In accordance'w1th another embodiment of the invention,

~a smoke filter arrangement that allows gas to pass
- therethrough 1s provided comprls1ng a first smoke fllter, the

first smoke filter comprising a first porous element
comprising a_hyd.cohoblc retentive member, a prefllter
element and/or ar addltlonal element comprising an
odor-reducing medium; and a second smoke filter, the second

o
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'_smoke fllter comprlslng a second porous filter element
 -compr1s1ng a hydrophoblc retentlve‘member, a prefilter

element and/or an additional element comprlslng an

odor-reducing medium.

In an embodiment, the retentive member
,also comprlses a prefilter element, and the smoke filter(s)

comprise a porous element comprlslng a hydrophoblc retentlve

.member/prefllter and an addltlonal element compr181ng an
.odor -reducing medlum

In accordance'W1th another‘embodlment of the 1nventlon

'a.smoke filter arrangement that allows gas to pass

therethrough,ls prOV1ded comprising a first smoke fllter, the

first smoke filter comprlslng a first porous element

':comprlslng a hydrophoblc retentlve member ; and a second smoke
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filter, the second smoke fllter comprising a second porous

filter element compr1s1ng a hydrophoblc retentive member,
whereln the smoke filter arrangement has an effective
flltratlon area of at least about 12.9 cm® (about 2 in?).

In some embodlments

a smoke fllter device including the

smoke filter arrangement comprlses at least a first side wall

and a second side wall,

at least a portion of the first side

wall and the second side being flexible and allowing gas to

pass therethrough ‘wherein at least a portion of the first

side wall comprises a surface of the first smoke fllter,'and

wherein at least a portion of the second side wall comprlseS"

a surface of the second smoke fllter

-~ Each of the components of the invention will now be

described in more detail below, whereln llke components have

'llke_reference numbers.

Figures 1-5 illustrate a perspective view of an

,assembled.deVice-(Figure 1), an exploded vieW'(Figures 2, 4

and 5) and a cross-sectional view (Flgure 3) of embodiments

of a filter device accordlng to the invention, ‘wherein the

device is arranged to allow gas (e.g.

in the form of smoke)

to enter the 1nterlor of the device, pass through the gas

filter(s), and through a.portlon.of the housing of the filter

device. Typically,

each gas filter

(hereinafter referred to

as a “smoke,filter”) includes'a_pIUrality of elements that

T
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allow gas to pass therethrough, e'g ; a smoke filterelement;
as well as a prefllter element and/or an odor- reduolng'

element ,

In the 1llustrat1ve embodiments shown in Figures 2- 5,
the smoke filter device 300 comprises filter hou81ng'50
having first ‘side wall 5, and second 81de wall 55, wherein at
least a portion of each of the first and second 31de walls is
flexible (e.g. , pliable) and porous. The filter device 300
includes a filter arrangement 200 comprising a first smoke
fllter'lOO and a second smoke filter 101, typlcally'w1th a

space 90 between the first smoke filter and the second smoke
filter: The illustrated fllter device also includes an.lnlet

75 1nclud1ng an inlet port, the filter deV1ceibe1ng'arranged
to alIOW'gas to;pass through the inlet, into the space 90
between the first and second smoke filter 100, 101, whereln a

portion of the gas subsequently'passes through the first
smoke filter 100 and the flrst side wall 5, and another

- portion of the gas passes through the second smoke filter 101
and the second side wall 55. ' - . .
- In the embodiment illustrated in Figures 7a and 7b, the
filter device 1ncludes a manifold 700. As shown 1n.Figure 7D
in the 1llustrated embodlment ‘the manlfold.lncludes the inlet
75, allowing gas to pass through the manifold and the inlet,

‘and into the space 90 between the first and second smoke

fllters 100 and 101, wherein a portlon of the gas

'subsequently passes through the first smoke filter 100 and

the first side wall 5, and another portlon ‘of the gas passes
through the second smoke filter 101 and the second side wall
55. o - "

The flrst and second smoke;fllters 100, 101,‘each
comprise a porous smoke filter element 1, 11 comprising at
least one hydrOphoblc retentive member. Preferably, the

R hydrophoblc retentive member comprises a microorganism and/or
~ virus retentive member The hydrophoblo retentive member

35

typically comprises at least one membrane and/or at least one
depth filter. Typically, the smoke fllter 1ncludes
additional elements such as a prefllter element and/or an
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od0r~reducing element In the embodlment 1llustrated in o

Figures 2 and 3, the first and second smoke fllters also

‘include a Qrefilter element 2, 22, and an odor- reduc1ng

element 3, 33, wherein the porous smoke filter element 1, 11

'1s interposed between the'prefilter element 2, 22 and the |
. odor-reducing element 3, 33. Alternatively, or addltlonally,

the hydrophobic retentive member can also prov1de

preflltratlon.

Preferably, the smoke filter arrangement 200 is secured

to the housing 50. For example, in accordance with the .
embodlments shown in Figures 3 and 7b the first smoke filter
100 is sealed to a portion of the first side wall 5, and the

second smoke filter 101 is sealed to a portion of the second
side wall 55. The embodiment illustrated in Figure 7b also

.shows;portlons of the first and second smoke fllters sealed

to a portlon of the manifold 700. _
Figures 4 and.s show other two other embodiments of the

filter device 300 wherein the smoke fllter includes a porous-' 

~ smoke filter element 1, 11 and an odor- reducing element 3,

20

30

33. In the embodiment shown in F;gure_é, the odor'reduc1ng:
element 3, 33 is downstream of the porous smoke filter o
element 1, 11, and in the embodiment shown in Figure 5, the

odor-reducing element is upstream of thejporous smoke fllter

element.
25

Flgure 6 illustrates a Cross- sectlonal'V1eW'of an

_embodlment of the filter dev1ce whereln the device lacks a_.

hou81ng, and the device is arranged to allow gas to enter the

interior of the device, and pass through the.gas.filters to
the exterior of the device.

The smoke filter device 300 can be utlllzed.as part of a
set, that can include additional components such as, but not
~limited to, at least one of a conduit, flow control dev1ce

and a connector. - Typically, the set comprises a smoke fllter

~ device, at least one condult and at least one connector.
35

Figures 1, 2, 4, and 5 illustrate an embodiments of a set

500, comprising the filterdevice 300, a comnnector 550, first
and second conduits 501, 502, and flow control device §00.

o - . s _ . . — : e
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In another embodiment (e.g. , as Shown 1n Figure 7a)'the.set
includes at least one connector between the first condult

501 ,-and the filter device 300 Suitable connectors 1nclude,
but are not limited to, a universal fitting or coupler such
- as a luer flttlng, a push-on fitting such as a barb type

fitting, and the llke . ,

' Turning now to the individual components of the smoke ,
fllter device accordlng to the embodiments of the 1nventlon,
these components are compatible with the gas being utlllzed
and, for those protocols that include producing smoke these

__components are compatible with the smoke belng produced in

15

20

25

30

35

the protocol (e.g. , laparoscopy, enuoSCopy, thorascopy,

obstetrics- gynescopy), and can be ‘Produced from a'varlety'of .
‘materials. In some embodiments, the components are

compatible with one or more dlSlnfectlon and/or sterlllzatlon

protocols, lncludlng, for example, using ethylene Odee or
gamma sterilization. '

In those embodiments wherein the device includes a

_ hou81ng, the housing 50 can be of any'sultable configuration

and size. 1In a preferred embodlment the hous1ng-1s light
weight. 1In an embodiment, the hou31ng can be formed without
the use of a mold. The hou81ng can be, for'example,

generally teardrop shaped, round, oval, square, rectangular,

or triangular. In the embodiment shown in Figure 1, the

housing 50 has a generally~bagellke conflguratlon, W1th-first__

and second side‘walls,fan open end, and a sealed end, wherein
the open end is secured (e.g., sealed) to the inlet. In the
embodiment shown in Figure 7a, the housing 50 has a generally
rounded conflguratlon, with first and second side walls,
wherein the side walls are secured (e g. ‘sealed) to the
manlfold 700. Typically, at least a portlon of each of the
first and second side walls 5, 55 is flexible. In some
embodlments,.at least a substantlal portion (e.g., at least

' about 50% of the area) of each of the side walls is flexible,
‘and substantlally all of the housing can be flex1ble

The filter device can include addltlonal components

e.g., the hou51ng can include a manlfold 700 (Figures 7a and‘

——
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.'7b),'typically proViding a.common:inlet flow path into

interior of the device. In accordance with the embodiment
illustrated in Figures 7a and, more particularly, 7b, a o
least a portion of each of first and second side walls 5 55
is preferably flexible. The manifold can be flexible or

~substantially inflexible.

A variety of.materials that allow gas to pass ,
therethrough are suitable for the housing. Typlcally, the
'material has-a low profile, low weight and is compact For
example, the hou51ng can comprise one or more screens (e. g '
polyester or polypropylene) and/or one or more porous woven
and/or non-woven matexrials, for example, but not limited to,
REEMAY™ (Reemay, Inc.), and TYPAR (Reemay, Inc.). ’I‘he-
housing can include a plurality of layers.

Typically, the housing 50 comprises one or'more'sheets
of non-woven material that are secured (e. g., sealed)

- together. If desired, the housing can comprise a 81ngle

sheet that is folded one or more times, before securlng - The
hou81ng can be sealed, e.g., at the ends, sides, and to other
components of the filter device and/or the set (suohas; but
not limited to,.one of_more.COmponents of the smcke filter, a
conduit, a connector, a manifold, or a port), utilizing an
adhesive, a solvent, radiO'frequency'sealing,‘ultrasonic'

' seallng and/or heat sealing. If desired, the hous1ng can

include any number of seals, with or W1thout a seal to one or
more components of the smoke filter and/or to the set.
In those embodlments wherein the smoke filter device

includes a hou31ng and a smoke fllter, the smoke fllter is

associated with the hou31ng to allow gas entering the device
to pass through the filter and through the housing. In those

' embodlments whereln the smoke filter device does not include
a hou91ng (e.g., as shown in Figure 6), the device is
-arranged to allow gas entering the device to pass through the

smoke filter to the exterior of the device.
In accordance with these embodlments the smoke filter

comprlses at least one porous smoke filter element comprlslng

~a hydrophobic retentive member, that typlcally comprises at
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'least"onemicroporous hYdrophobic membrane'and/or at least'
one hydrophobic depth filter medium. The embodiment of the
fllter'deV1ce 300 illustrated in Flgures 2-6 (as well as the

'embodlment of the filter device lllustrated in Flgure 7b) has

> Cwo smoke filters 100, 101, each compr1s1ng a porous smoke

filter element 1, 11 compr1s1ng a hydrophoblc retentlve
-member. The porous smoke filter element can have one section

or a plurality of sections and/or can comprise a plurallty‘of-

layers. Alternatively, or additionally, the porous smoke
Jiiffllter element can comprise a plurality of media (e.g. at

least one.hydrophOblc membrane and at least one flbrous
hydro shebic medium) . '

Typically, the DOP smoke penetration ratlng of the smoke

filter element 1, 11 is 1ess than the rating for the
15 odor-reducing element.

In those embodlmentS'whereln the hydrOphoblc retentrve
member comprises at least one membrane, the pore structure

(e.g., the pore ratlng, or the pore size) of the smoke fllter .'

element 1, 11 is typlcally less than the pore structure of
20 the odor- reducing element'. In some of those embodiments .
'~ wherein the smoke filter element 1, 11 is not a'depth filter
(e.g., wherein the filter element does not provide
prerlltratlon), the pore structure of the filter element 1s
less than the pore structure of the separate preflltratlon o
25 element. o
The smoke filter element can be selected'in'aCCOrdance
with several factors, including the nature and size of the
undesirable materials in the smoke, the desired flow rate,
and the acceptable pressure drop across the smoke filter.
30 In a preferred embodiment, the smoke filter element
'substantlally prevents the passage therethrough of bacterla
'In an even more preferred embodlment the smoke fllter
element also substantlally prevents the passage therethrough

-~ of V1ruses - For example, the embodiments 0of the smoke filter
35 element can remove at least about 95% of the bacterla in the

smoke, and provide at least about a 4 log'v1ral reduction.

In more preferred embodlments the smoke filter element can

 PCT/US99728704
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remove at least about 99% of the bacteria (in some

embodiments, providing at least about S log bacterial
reduction), and provide at least about a 5 log viral
reduction.

S in an even more preferred embodiment, the smoke filter
element can remove essentially 100% of the bacteria (in some
embodiments, providing at least about 7 log bacterial
;eduction), and provide at least about a - log viral
reduction.

10 Typically, the smoke filter element removes at least
about 99.97% of smoke particles having diameters ©f at least

about 0.3 um Oor greater, and more preferably, removes at

least about 99.993%%, or more, (for example, at least about
89.9995%) of smoke particles having diameters of ar least

15 about 0.12 um. Illustratively, in one embodiment, smoke
filter element has a DOP Smoke Penetration (e.g., as measured

by ASTM D23586-71) at 0.3 pm at 10.5 ft/minute (5.3 cm/sec)

gas Llow of at least about 0.03%, more preferably, at least
about 0.015%.

20 Typically, in those embodiment wherein the smoke filter
element includes a membrane, the smoke filter element 1, 11
has a pore rating (e.g., as evidenced by bubble point) of
about 10 micrometers or less, more preferably, about 5

micrometers or less, and even more preferably, zbout 2
25 micrometers or less.

Without being held to ANy particular mechanism, it is
believed that small particles such as bacteria and viruses
are removed by the smcke filter element by diffusicn,
including SLrong intermolecular foreces (i.e.,'vaﬁ der Waals*

30 forces) even the element may have pores of a size larger than
the size of the particles (free particles, or particles
suspended in a droplet). Additiocnally, particles, including
larger particles, can bs removed by at least one of
Straining, inertial impaction and/or interception.

AMENDED SHEET
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fypically, the effective filter area for the smoke

filter(s) is at least 12.9 em® (aboutr > in®), more preferably,

at least about 19.4 om® (about 3 in%). 1n some embodiments,
the effective filter area is about 22.¢ cm® (about 3.5 in?) or

> Tore, e.g., in the range of about 32.3 cm? to about 51.6

om?
(about 5 in® to about 8 in?). or more.

The smoke filter element may be produced from any

suitable natural and/or synthetic material capable of forming

a substrate, fibers or a membrane that is compatible with the

~0 gas and smoke. In some embodiments, commercially available
macterials are preferred. Suitable polymers include, but are
not limited to, polytetrafluoroethylene (PTFE), any nylon,
€¢.g., 6, €T, 11, 48, 66, angd 610, polyvinylidene difluroride
(PVDF), polvethersulfone (PES), polypropylene

15 Other suitable materials include cellulosi
Neon-resinous materials, such as glass Libers, including
microglass and/or laminated glass, can also ke used.

Commercially avaiiable medla, such as chose avallable
from Pall Corporation (East Hills, NY) under the Crademarks

20 SUPOR®, and PALLFLEX®, are alsc suitable. Other suitable

commercially available media include, but are not limited to,

H&V HOVOGLAS™ (Hollingsworth & Vose Company, East wWalpole,

MA) and VERIFLO™ (Enhanced Filter, Ventura, Ca),

The smoke filter element maY remain untreated,
25 treated to lrnicrease itse effectiveness. Surface

characteristics of the element can be modified (e.qg.,

affect the Critical Wetting Surface Tension (CWST)
include a surface charge,

Or may be

+ €O

€.9., a pogitive or negative
charge, and/or to alter the polarity or hydrOPhilicity of the

30 surface) by chemical reaction including, for example, wet or
dry oxidation, by coating or depogiting a polymer on the

surface, or by a graiting reaction. Modifications include,

€.9., 1rradiation, a polar or charged monomer, coating and/or

Curing the surface with a charged polymer, and c
35 chemical modification to attach functional group

AMENDED SHEET
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surface. Grafting reactions may be activated by exposure to

f & energy source such as gas plasma, heat, a Van der Grzff

generator, ultraviclet light, electron beam, or to various
other forms of radiation, QX by sgurface

| etching or deposition
> using a plasma treatment. The

AMENDED SHEET
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smoxe fllter element can be initially hYerphlllC, and
treated to be made hydrophoblc, and/or the smoke filter

element can be treated to lncrease its hydrophob1c1ty'(1 e.
to make it more hydrophobic) .

The smoke filter element can have a variety of
configurations.. 1For,example, the element can be

substantlally planar, pleated, .corrugated, ox cylindrical.

As noted earller; the smoke filterxr 100' 101 can include

~additional components such as addltlonal elements. For
10

example, the smoke filter can include one or more'upstream

and/or downstream elements, such as a prefilter element, an ‘
odor- reducmng element, as well as support and/or dralnage

elements. In.some embod;ments at least a portion each of
the elements of the smoke filter is flexible, e.g., pliant.

The smoke filter can comprise a composite, e.g., wherein
one oxr more components is secured, e.g., laminated, to the

smoke filter element. Alternatively, or additionally, the
additional_elements:can.be separate from the smoke filter.
Preferably, the smoke filter also includes an
odor-reducing element . - The smoke filter may also include a
prefilter element, or the retentlve ‘member can pr0v1de

retention and preflltratlon (e.g., the retentive membrane can

comprise a plurality of depth fllter elements and/or fibrous

layers)

In the illustrative embodiments shown in Flgures 2-5,

and 7b, the smoke fllter also includes an odor- reducmng _
- element 3, 33, disposed downstream of the hydrophoblc member

(Figures 2-4, 7b) or upstream of the hydrophobic'member-

(Figure 5). The illustrative embodiment shown in Figurel6'

does not 1nclude an odor'redu01ng element.

‘The embodiment illustrated in Flgures 2 and 3 includes

prefilter elements 2, 22 and odor-reducing elements 3, 33.

 Either of these elements can include a plural;tY.of-layers.

Preferably, the prefilter element and the odor- reducing
element are very open and have good pOrosity - The prefllter
element and odor reduc1ng element can comprise any suitable
woven or non-woven materlal ‘and can be formed from natural
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and/or synthetic material, e.g. fibers, polymerlc materlal

_and/or'glass Exemplary materlals include polypropylene .
-polyester, polyethersulfone, carbon (preferably actlvated

carbon, e.g., charcoal and/or novoloid fibers) and/or

5 microglass. ‘Carbon can be granular and embedded in a'matrlx,

10

15

20

25

30

35

or fibers mixed in a blend (e.g., a cotton/cellulose blend)

In some embodlments 1nclud1ng & separate prefilter

,element the prefilter element comprises a fibrous medlum,
~€.9., including polymeric fibers and/or glass fibers.

In some embodiments including an odor- reduc1ng element,
the odor reducing element also reduces the passage
therethrough of unde81rable substances such as other chemlcal
matter and/or organic vapors. For example, in one

'1llustrat1ve embodiment 1nclud1ng an odor-reducing element

the element may reduce the passage therethrough at least one
of benzene, formaldehyde, hydrogen cyanide, and toluene.

In one preferred embodiment, the odor-reducing element
comprlses a carbon.medrum, preferably an activated carbon
medium, even more preferably an.actlvated.flbrous carbon

medium. One example of a suitable commerc1ally'avallable_

medium is the actlvated charcoal ULTRASORR™ (Enhanced Fllter,.

Ventura, CA), e. g., as a fibrous or granulated laminate. o
Another example of a suitable commer01ally'avallable medium

is AQF® media (AQF Technologles Charlotte, NC), e. g.,

actmvated carbon in a three dlmen81onal polyester non- woven

Struc t:ure

Typically, in those embodiments including an
odor-reducing element, the odor-reducing element is .
downstream.of the hydrophobiC'retentive member, i.e., gas
passes through the retentive member before pa351ng'through

 the odor- reducrng element. However, in some embodiments,

e.g., as shown in Figure 5, the odor- reducing element can be
upstream of the hydrophoblc retentlve‘member and can be the
first element in the smoke filter.

In some embodiments, the smoke fllter 100, 101 also
includes one or more window elements,'e.g.,.W1ndOW'elements
4,'44 as shown in Figures 2-6 and 7b. One or more window

-
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elements can have one or more windows ox openings;?'The 
embodiments of the window elements 4, 44 shown in the Figures

have one wlndow or opening.

The w1ndow elements and windows can be of any sultable

‘number, size and/or shape (e.g. rectangular, circular,

trlangular,,oval) The smoke fllter can include a plurallty
of window elements having different characteristics (e.g.,
shape size and/or number of w1ndows),‘and a window element
can have a pl&&allty'ofw1ndows of dlfferent characterlstlcs
In a typical embodlment at least one window element
prOV1des surface area for securing elements of the smoke '

filter together and/or for securing the filter to the

housing. For example, 1n the embodiments 1llustrated in
Figures 2 3, 6, and 7b, window elements secured to the smoke

filter element 1, 11, and the prefllter element'z,'zz, allow

these elements to be sealed together. In accordance with the
embodiment illustrated_in Figure 2 and 3, the window elements
also allow the smoke filter to be sealed to the inner surface
of the side walls of the housing (with the odor-reducing
element'interposed between the smoke filter element and the

- side wall). 1In accordance with the embOdimentillustratedin'

25

30

35

Figure 7B, the window elements can also be secured.to the‘
manifold?oo. ' . ' - .

' The window elements can also allow the inlet to be
sealed to the ‘housing. The widow elements can be secured to,
for example, elther of .the opposing surfaces of a smoke ~
filter element or,a.prefllter_element . Securlng, e.g.,
sealing, can include; for example utlllzlng an adhesive, a
solvent, radio frequency sealing, ultrasonlc seallng and/or
heat sealing. 1In some embodiments, e.g., some embodiments
previding.a subcomponent or subassembly of the filter device

including carbon media, radio frequency sealing may be less

desirable. -

Typical'materials sultable for producing'the window
element (s) include, but are not limited to, for example,
plasticized polyvinyl chloride'(PVC), polyester,
polyﬁrethane,'polycarbonate,'polypropylene, polYolefin,
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- polyethylene, ethylene vinyl acetate (EVA) , and comblnatlons
- of materials. ‘ '

In accordance with the J.nventlon embodiments of the
smoke filter device can be used in any medical protocol that

used with any suitable gas flow rate. The gas flow rate can
be constant or variable, and can range from low flow rates
e. g., about 0.5 liters/min or less, or up to about 15 -
llters/mln, or even more. in some embodiments, e.gq. some

10 embodlments cf a smoke fllter set :mcludlng the smoke filter

20

25

30

devn.ce, the set also includes a gas flow control device such

as a valve, closure or clamp (including a screw clamp or
plnch clamp). In some embodiments, the flow control dev:Lce
can be operated with one hand. If desired, the flow control

protocols that involve the production of smoke j(e.g.,' created
by a laser, electrocautery deV1ce, or an ultrasonlc Lissue
fragmentatlon device). Typically, the device is capable of
filtering smoke for up to about 6 minutes of cumulative.
cauterization, or more, with a reductlon in gas flow of about
50% or less. In some embodlments, the device is capable of
fllterlng smoke for up to about 6 minutes of cumulat:.ve ‘
cauterization, or more, with a reduction in gas flow of about
40%, or less, e.g., about 30%, or less. In an embodiment,
the dev:Lce is capable of filtering smoke for up to about 6
mlnutes of cumulative cauterlzatlon, or more, with a
reduction in gas flow of about 20% or less. o

- In accordance with an embodlment of the :anentlon, a
smoke filter device can deplete at least one chemical from

(e.g., in, or associated with) the smoke, e.g. to prov:.de an

exposure 11m1t that is equal to or less than the OSHA

- standard. 1Illustrative chemicals present in smoke, and

35

exposure limits include those listed in Surgical Smoke : What

We Know Today _(Valleylab ilnc., Boulder, CO, copyright 1996),
€.9., as listed in “Table 5: Chemicals, Exposure Limits, and

Associated Health Effects” (page 12) For example, an
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embodiment of the smoke filter can deplete at least one of
the following chemicals from smoke: acetaldehyde, acrolein
acetonitrile, benzene, hydrogen cyanide, carbon monoxide,

formaldehyde, pclyaromatic hydrocarbons (PAHs) , styrene
S5 toluene, anad Xylene. |

{2

| Embodiments of the smoke filter device according to the

1?vention can have any number of smoke filters, e.g., a
single smoke filter, two smoke Lilters, or more than two
smoke filters, and the smoke filter device can include a

10 housing, or lack a housing. A portion of a smoke filter
(e.g., & surface of the filter) can provide a portion of a

side or an end of the smoke filter device. Alternatively, or
additionally, an embodiment of the smoeke cdevice can include s

houging having at least one portion (e.g., a portion cf least
15 one side wall) that is flexible and allows gas to pass
therethrough, wherein the device is arranged tc allow gas to

pass through the smecke filter and the [lexible portion of the
housing.

| I? yet ancther embodiment, the housing is substantially
‘;u) intlexible, and/or the smoke filter ie substantially
inflexible. The houging may include one or more open
portions {e.g., on at least one side of the device) that
allow gas to pass through a flexible or inflexible smoke
filter and thrpugh the open portion(s) of the device
25 Alternatively, or additionally, Lhe smoke filter dev;ce can
‘include a substantially inflexible housing, and can ke

arranged to allow the smoke filter to flex in the housin
during use. ' ”

30 | EXAMPLE 1

A smoke filter device is prepared with the configuration
as generally shown in Figures 1-3. Each filter element disc
has an effective diameter of 2.25 inches (5.72 cm) The

' smoke filter elements are PTFE membranes that remove at least
35 99.9%99% of smoke particles having diameters of at least 0.10

um or greater at 20 Liters/minute gas flow. The prefilter

elements ™ '
are H&V HOVOGLAS (Hollingsworth & Vose Co.) fiber
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elements, and the odor-reducing elements are ULTRASORR

(Enhanced Filter) activated carbon fibers (grade ACF-200)
with a basis weight of 200 g/m*. The window elements are PVC
sheets, that have been cut to provide a central window with =a

5 diameter of 2.25 inches (5.72 cm). The housing is REEMAY

(Reemay, Inc.) non-woven media. The conduit is flexible pvC
tubing.

The elements and housing are sealed together to provide
'a central cavity, bounded by the prefilter elements. The

10 flexible tubing is inserted into the housing and sealed
thereto. The filter device, that is Pliable, is arranged to
allow gas passing through the tubing into the central cavity
CO pase through the downstream prefilters, and subsequently
through the smoke filter elements, the odor -reducing

15 elements, and the side walls of the housing.

The smoke filter device is comnected te a one-handed
adjustakle gas flow device, an additional conduit, and a luer
fitting, that is subseguently connected to a trocar during a
laparoscopic cholecystectomy (gall bladder removal). The CO;

20 gag flow {when frequent cauterizarion begins) is 11
liters/min, and after & minutes cumulative
electrocauterization, the gas flow remains well over 10
liters/min (i.e., the decrease in gas flow is less than 10%)
at a constant pressure of 15 mm Hg (2 kPa) (0.29 psi). The

<5 surgeon’s vision is not obstructed by smoke in the abdominal
cavity and there is no need to Stop the procedure and vent
smoke from the abdomen. There is no noticeable odor in the
gas passing through the smoke filter device.

This example shows that a smoke filter device according

30 to the invention is suitable for use in filtering smoke
during electrocauterization.

(»

A smoke filter device is prepared as described in
35 Example 1.

The smoke filter device is connected to a one-handed
adjustable gas flow device, an additicnal conduit, and a luer ,
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decrease in gas flow less than 20%) at a constant pressure of
: 15 mm Hg (2 kPa) (0.29 psi). The surgeon’s vision is not
’ obstructed by aerosol in the abdominal cavity, and there is

no need to stop the procedure and vent aerosol from the

5 abdomen. There is no noticeable odor in the gas passing
tarough the smoke filter device.

This example shows that a smoke filter device according

EXAMPLE 3
This example is designed to show whether amoke filter
devices accoxding to the invention can remove volatile
organic chemicals in cautery smoke.

15 Three embodiments of smoke filter devices are prepared
and tested. The first device is prepared as generally
described in Example 1, but without a flow control.device and
an extra conduit. The second device is Prepared in a similar
configuration; however, the odor-reducing elements are AQr®

20 media 2750 (AQF Technologies, Charlotte, NC) having a basgis

weight of 600 g/m?, rather than the ULTRASORB™ media utilized
in Example 1.

The third device has a configuration as generally shown
in Figure 4, wherein each smoke filter element has two HgY
25 HOVCGLAS™ fiber elements, and the odor-reducing elements are

ULTRASORB  activated carbon Libers (grade ACF-200) with a

basis weight of 200 g/m’. The device does not include a

membrane. The window elements, housing land sealing

thereof), as well as The conduit, are as described in Example
30 1. \ ,

The smoke filter devices are separately connected to a
test chamber., The test chamber includes a lid having two
trocar sleeve access ports. A carbon dioxide canister is

35
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connected to an insufflator, and an insufflation tubing set
connects the insufflator to the chamber. '
' A.flrst trocar is used to pass the cautery scalpel
'through a trocar sleeve access port into the chamber to .

5 create smoke, and the other trocar sleeve access port 1s used
as a collection port for elther a filtered sample, or a =
control sample. The filter device is attached'V1a the second
trocar to the collectlon.port For each test, a;prepared
tube treated with Tenax TA.polymer resin (Sc1ent1f1c

10 Instrument Services, Ringoes, NJ) is placed downstream of the

~ filter device to absorb the substances of interest, and the
polymer treated tube will be disconnected ang’ the resin ,
desorbed to quantlfy the substance of 1nterest. The tubes are-f
prepared for quantifying the follOW1ng substances

1&5‘3‘methyl 2ibutenal benzene, styrene, toluene, and ethyl
benzene

Beef liver is placed on a groundlng plate in the test
chamber, and the chamber is sealed The 1nsufflator is
Curned on and set for 15 mm Hg at a maximum fill rate of 40

:M).thers/mln The trocar ports are'closed.Via a stopcock._.A‘

'created.to provide-alcumulative total of 1 minute of smoke.
- After each burst, the trocar stopcocks are opened, allowing '
gas to flow through the ports and the fllter device for about
25 30 seconds The stopcocks are then closed After recordlng '
the total gas flow through the 1nsufflator, the;polymer
Created tube is dlsconnected and stored for desorptlon
- The fllter device is then removed, and a control ‘tube is
. attached Another minute of smoke is provided and.passed
30 through the ports as descrlbed.prev1ously, and the polymer
treated tube is dlsconnected and stored for desorptlon
- The fllter device is then reconnected (without a polymer
‘treated tube), and another'mlnute of smoke is passed through
the filter. The chamber is then cleared, and a polymer
35 treated tube is connected. Another minute of smoke is
. prov¢ded as described preVLously (for a cumulative total of 3
minutes of smoke) ‘and the tube_ls dlsconnected and stored
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The fllter'dev1oe is then removed and another control

tube 1s attached

~Another minute of smoke is provided as

descrlbed prevaously, and the tube is dlsconnected and stored

The above- described.prOCess, 1. e','with a filter, and '
with a control (without a filter),
fllter to test each substance of interest.

18 repeated, using a new

The results arejprov;ded in the fOIIOW1ng'Table;_'

RemovaliEfficiency

3~ Methxl -2-Butenal

First Device

Second Device
- Third Device

Benzene =
First Device
Second Device
Third Device

Styrene .
First Device
Second Device

Third Device
30 '

Toluene

First Device
Second Device

Third Device

Ethyl Benzene

First Device
Second Device

Third Device

TABLE
(Units = Nanograms)
Minute 1 Minute 3 Control Average %
0 - 35  100.0
0 23 - 100.0-
0 42 100.0
Minute 1 Minute 3 Control Average % -
17 T 17 460 96.3
31 10 440 85.3
57 62 390 84.7
Minute 1 Minute 3 Control sAverage %
0 -0 110 | 100.0
-0 0 120 100.0 |
0 18 0 not appllcable
Minutexl'.Minute 3 Control '.AVerage'%
14 39 420 83.7 -
- 28 23 4770 94,6
47 63 640 = 91.4
Minute 1 Minute 3 Control Average %
' 0 104 104 - 50.0 |
0 | 28 110 87.3
183 210 56.4

With respect to 3'methy1 -2~ butenal in partlcular, that

is believed to be a substance respon81ble for a significant

portion of the foul odor produced durlng cauterization, the
smoke filter devices deplete 3-methyl-2-butenal to below
detectable levels in both the flrst and thlrd minute of
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exposure whereas the control levels range from 23 ng to 42
ng. Odor is not detected in the filtered samples,

whereaso
odor 1s detected in each of the control samples.

As shown in the Table, in addltlon to depletlng o '
5 3- methyl 2-butenal, these embodiments of smoke filterfdevices'

benzene, styrene, and toluene

This example shows smoke filter devices accordlng to the
invention remove organic volatiles, including some of the

10 wvolatiles thought to be responsible for a portlon of the foul
odor produced during oauterlzatlon.

All of the references cited herein 'including '
publications, patents, and patent applicationsg, are'hereby
15 1ncorporated in their entireties by reference. |
While the invention has been described in some detail by

way of illustration and example, it should be understood.that
the invention is susceptlble to various modifications and
' alternative forms, and is not restricted to the specific o
20 embodiments set forth. It should be understood that these

but, on the contrary, the intention is to cover all

modlflcatlons,-equlvalents, and alternatives falling w1th1n
‘the spirit and scope of the invention.

.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:
1. A smoke filter device for use with positive pressure during a medical procedure
comprising:

a filter housing having an interior cavity, the housing having at least a first stde wall and an
opposing second side wall, the first and second side walls each having at least a portion that
is flexible and allows gas to pass therethrough; and

a smoke filter capable of filtering smoke from gas comprising at least a first porous filter
element and a second porous filter element, the first and second filter elements each
comprising a hydrophobic retentive member;

wherein the filter device is arranged to allow gas to pass into the interior cavity, through the

first porous filter element, and through the first side wall of the housing.

2. The smoke filter device of claim 1, wherein the smoke filter device is arranged to
allow gas to pass into the interior cavity, through the second porous filter element, and

through the second side wall of the housing.

3. The smoke filter device of claim 1 or 2, wherein the first side wall of the housing and

the second side wall of the housing each comprise a non-woven medium.

4. The smoke filter device of any one of claims 1-3, further comprising a first odor-
reducing element comprising a carbon medium and a second odor-reducing element

comprising a carbon medium.

5. The smoke filter device of any one of claims 1-4, wherein the first and second porous

filter elements each have an effective filtration area of at least about 12.9 cm®.

6. The smoke filter device of claim 3, wherein the first porous filter element 1s sealed to

the first side wall of the housing comprising a non-woven medium and the second porous
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filter element is sealed to the second side wall of the housing comprising a non-woven

medium.

7. The smoke filter device of claim 4, wherein the first porous filter element is adjacent
to the first odor-reducing element, and the second porous filter element is adjacent to the

second odor-reducing element.

8. The smoke filter device of any one of claims 1-7, wherein the first porous filter

element and the second porous filter element each comprise a membrane.

9. The smoke filter device of any one of claims 1-8, further comprising a first window
element sealed to the first side wall of the housing and a second window element sealed to

the second side wall of the housing.

10.  The smoke filter device of any one of claims 1-9, further comprising an inlet port and

a conduit communicating with the port.

11.  The smoke filter device of any one of claims 1-10, wherein the filter device is capable
of filtering smoke for up to about 6 minutes of cumulative smoke with a reduction in gas flow

of about 50% or less from an initial gas flow of 11 liters/min at a constant pressure.

12. A smoke filter set comprising the smoke filter device of claim 10, further comprising
a gas flow control device for controlling the flow of gas into the smoke device,

communicating with the conduit.

13. A smoke filter device for use with positive pressure during a medical procedure

comprising:
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a filter housing having an inlet port and an interior cavity, the jhousing having at least a first
side wall and a second side wall, the first and second side walls each éomprising a non-
woven medium; and

a smoke filter capable of filtering smoke from gas comprising at least a first porous filter
element and a first odor-reducing element, and a second porous filter element and a second
odor-reducing element, the first and second filter elements each comprising a hydrophobic
retentive member, and the first and second odor-reducing elements each comprising an
activated carbon medium;

wherein the filter device is arranged to allow gas to pass through the inlet port into the
interior cavity, through the first porous filter element, the first odor-reducing element and
through the first side wall of the housing, and through the second porous filter element, the

second odor-reducing element and through the second side wall of the housing.

14.  The smoke filter device of claim 13, wherein the first and second porous filter

elements each comprise a membrane.

15.  The smoke filter device of claim 14, wherein the membrane comprises a PTFE

membrane.

16.  The smoke filter device of claim 13, 14 or 15, wherein the first and second porous

filter elements each have an effective filtration area of at least about 12.9 cm”.

17.  The smoke filter device of any one of claims 13-16, wherein the first porous filter
element is sealed to the first side wall of the housing comprising a non-woven medium and

the second porous filter element is sealed to the second side wall of the housing comprising a

non-woven medium.
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18.  The smoke filter device of any one of claims 13-17, wherein the first porous filter
element 1s adjacent to the first odor-reducing element, and the second porous filter element is

adjacent to the second odor-reducing element.

19.  The smoke filter device of any one of claims 13-18, further comprising a first window

element sealed to the first side wall of the housing and a second window element sealed to

the second side wall of the housing.

20.  The smoke filter device of any one of claims 1-7, wherein each hydrophobic retentive

member comprises a PTFE membrane.

21. A smoke filter device for use with positive pressure during a medical procedure
comprising:

a filter housing having an inlet port and an interior cavity, the housing having a first side
wall and a second side wall, the first and second side walls each comprising a non-woven
medium;

a first smoke filter adjacent the first side wall, the first smoke filter comprising a first porous
filter element compri sihg a hydrophobic retentive member;

a prefilter element or an additional element comprising a carbon medium, or both, in fluid
communication with the first smoke filter; .

a second smoke filter adjacent the second side wall, the second smoke filter comprising a
second porous filter element comprising a hydrophobic retentive member; and

a prefilter element or an additional element comprising a carbon medium, or both, in fluid
communication with the second smoke filter;

wherein the filter device is arranged to allow gas to pass through the inlet port into the
interior cavity, through the first smoke filter and through the first side wall of the housing,

and through the second smoke filter and through the second side wall of the housing.
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22. The smoke filter device of claim 21, wherein the first porous filter element and the
second porous filter element each comprise a membrane, and the prefilter element in

communication with the first smoke filter and the prefilter element in communication with

the second smoke filter each comprise a fibrous medium.

23.  The smoke ﬁltet device of claim 22, wherein the membrane comprises a PTFE

membrane.

24, The smoke filter device of claim 23, wherein the first and second smoke filters each
comprise a prefilter element and an additional element comprising an odor-reducing element

including activated carbon.

25.  The smoke filter device of claim 21, wherein the first smoke filter comprises a first
porous element comprising a hydrophobic retentive member, a prefilter element and an
additional element comprising a carbon medium; and

the second smoke filter comprises a second porbus element comprising a hydrophobic

retentive member, a prefilter element and an additional element comprising a carbon medium.

26. A gas filter device for use with positive pressure during a medical procedure
comprising: a filter housing having an inlet port and an interior cavity, the housing having a
first side wall and a second side wall, at least the first wall allowing gas to pass therethrough;
and, a gas filter comprising a porous filter element comprising a hydrophobic membrane, and
an odor-reducing element comprising an activated carbon medium; wherein the filter device
is arranged to allow gas to pass through the inlet port into the interior cavity, through the

porous filter element, the odor-reducing element and through the first side wall of the

housing.

27. A gas filter device for use with positive pressure during a medical procedure

comprising: a filter housing having an inlet port and an interior cavity, the housing having a
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first side wall and a second side wall, at least the first side wall allowing gas to pass
therethrough; and, a gas filter comprising a porous filter element comprising a hydrophobic
retentive member; wherein the filter device is arranged to allow gas to pass through the inlet

port into the interior cavity, and through the porous filter element and the first side wall of the

housing.

28. A gas filter device for use with positive pressure during a medical procedure
comprising: an inlet port; a first side wall and a second side wall, the device including an
interior cavity between the first and second walls; wherein at least the first side wall
comprises a gas filter comprising a porous filter element combrising a hydrophobic
membrane, the gas filter having a first surface and an opposing second surface; wherein the
first side wall comprises the second surface of the gas filter, and wherein the gas filter device
1s arranged to allow gas to pass through the inlet port into the interior cavity and through the

gas filter and the first side wall.

29.  The gas filter device of claim 26 or 28, wherein the hydrophobic membrane i1s a PTFE

membrane.

30.  The gas filter device of claim 27, wherein the filter element comprises a hydrophobic

membrane, and the gas filter further comprises an odor-reducing element including carbon.

31.  The gas filter device of any one of claims 26-30, wherein the filter element has an

effective filtration area of at least about 12.9 cm?.

32.  The gas filter device of any one of claims 26-31, wherein the gas filter 1s adapted to

substantially prevent the passage therethrough of bactera.

33.  The gas filter device of any one of claims 26-32, wherein the gas filter 1s adapted to

substantially prevent the passage therethrough of viruses.
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34,  The gas filter device of claim 27 or 28, further comprising a conduit communicating

with the inlet port.

35.  The gas filter device of any one of claims 26-34, wherein the first wall comprises at

least one of a screen, a porous woven material, and a porous non-woven material.

36.  The gas filter device of claim 27, wherein the hydrophobic retentive member

comprises a fibrous medium.

37.  The gas filter device of claim 36, wherein the fibrous medium comprises glass fibers.

38.  The gas filter device of claim 36 or 37, wherein the fibrous medium comprises

microglass fibers.
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