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(54) AIR PURIFIER FOR LAPAROSCOPIC SURGERY

(57) A surgical device includes a housing (110) and
an elongate body (120) extending distally from the hous-
ing (110). The housing (110) defines a filter chamber
(130) and a pump chamber (140) therein, the filter cham-
ber (130) in fluid communication with the pump chamber
(140). A filter assembly (132) is disposed within the filter
chamber (130), and a pump (142) is disposed within the
pump chamber (140). The elongate body (120) defines
first and second lumens (122, 124) therethrough, and

includes at least one first opening (123) in fluid commu-
nication with the first lumen (122) and at least one second
opening (125) in fluid communication with the second
lumen (124). The first lumen (122) is in fluid communi-
cation with the filter chamber (130) of the housing (110)
and the second lumen (124) is in fluid communication
with the pump chamber (140) of the housing (110) there-
by forming a closed filtration loop through the surgical
device.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of and priority
to U.S. Provisional Patent Application No. 62/662,248
filed April 25, 2018, the entire disclosure of which is in-
corporated by reference herein.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates generally to sur-
gical devices. More particularly, the present disclosure
relates to laparoscopic instruments including a closed
loop air filtration system for circulating and filtering air
within a body cavity.

2. Background of Related Art

[0003] Minimally invasive surgical procedures, includ-
ing both endoscopic and laparoscopic procedures, per-
mit surgery to be performed on organs, tissues, and ves-
sels far removed from an opening within the tissue.
Laparoscopic and endoscopic procedures generally re-
quire that any instrumentation inserted into the body be
sealed, e.g., provisions may be made to ensure that gas-
es do not enter or exit the body through the incision as,
for example, in surgical procedures in which the surgical
region is insufflated. Laparoscopic and endoscopic pro-
cedures generally utilize long and narrow instruments
capable of reaching remote regions within the body and
configured to seal with the incision or tube they are in-
serted through. Additionally, the instruments must be ca-
pable of being actuated remotely, that is, from outside
the body.
[0004] In laparoscopic procedures, surgery is per-
formed in the abdomen through a small incision in the
body. The surgical environment may be contaminated
with unhealthy fumes and/or impurities exhausted from
the abdominal cavity during and/or after the laparoscopic
procedure, and operating room staff may be exposed to
these unhealthy fumes and impurities which may have
adverse effects on the health of the operating room staff.
[0005] Thus, a need exists for a device that eliminates
or reduces unhealthy exhaust of gases from the abdom-
inal cavity.

SUMMARY

[0006] A surgical device in accordance with aspects of
the present disclosure includes a housing and an elon-
gate body extending distally from the housing. The hous-
ing defines a filter chamber and a pump chamber therein,
the filter chamber in fluid communication with the pump
chamber. A filter assembly is disposed within the filter
chamber, and a pump is disposed within the pump cham-

ber. The elongate body defines first and second lumens
therethrough, and includes at least one first opening in
fluid communication with the first lumen and at least one
second opening in fluid communication with the second
lumen. The first lumen is in fluid communication with the
filter chamber of the housing and the second lumen is in
fluid communication with the pump chamber of the hous-
ing thereby forming a closed filtration loop through the
surgical device.
[0007] The at least one first opening or the at least one
second opening of the elongate may include a tip opening
defined in a distal end of the elongate body and/or a side
opening defined through a sidewall of the elongate body.
[0008] In embodiments, the housing includes an outlet
channel defined therein that fluidly couples the pump
chamber of the housing with the second lumen of the
elongate body.
[0009] The filter chamber may be positioned in a distal
portion of the housing adjacent a proximal portion of the
elongate body and the pump chamber may be positioned
proximal of the filter chamber. The outlet channel may
extend from the pump chamber distally past the filter
chamber and be connected to the proximal portion of the
elongate body.
[0010] In embodiments, the filter assembly includes a
filter permeable to gas. The filter may be positioned within
the filter chamber along a plane orthogonal to a longitu-
dinal axis of the housing. In some embodiments, the filter
assembly includes a plurality of filters. The plurality of
filters may include at least one of a bacteria control filter,
a virus control filter, or an odor control filter.
[0011] The housing may include a port operably cou-
pled to the pump, the port configured to releasably en-
gage an energy transmission line for actuating the pump.
In some embodiments, the surgical device includes an
energy transmission line operably coupled to the pump.
[0012] In embodiments, the pump is an air pump. The
pump may be a mechanical air pump and the energy
transmission line may be tubing configured for coupling
with a vacuum. In some embodiments, the pump is a
double diaphragm pump.
[0013] The pump may include a first suction port in fluid
communication with the filter chamber and a second suc-
tion port in fluid communication with an insufflation fluid.
The pump may include a control unit for selectively con-
trolling the opening and closing of the first and second
suction ports such that when the first suction port is open,
the pump is configured to circulate air into the first lumen,
through the filter chamber, and out the second lumen
and, when the second suction port is open, the pump is
configured to pressurize the insufflation fluid and dis-
charge the insufflation fluid out through the second lu-
men.
[0014] The housing may further include a second pump
chamber defined therein. The second pump chamber
may include a second pump disposed therein. The sec-
ond pump may include a suction port for drawing ambient
air into the second pump and a discharge port in fluid
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communication with the second lumen of the elongate
body.
[0015] A method of filtering air during a laparoscopic
surgical procedure, in accordance with aspects of the
present disclosure, includes: positioning an elongate
body of a surgical device within a body cavity, the surgical
device including: a housing defining a filter chamber and
a pump chamber therein, the filter chamber in fluid com-
munication with the pump chamber; a filter assembly dis-
posed within the filter chamber; a pump disposed within
the pump chamber; and the elongate body extending dis-
tally from the housing, the elongate body defining first
and second lumens therethrough, the elongate body in-
cluding at least one first opening in fluid communication
with the first lumen and at least one second opening in
fluid communication with the second lumen, the first lu-
men in fluid communication with the filter chamber of the
housing and the second lumen in fluid communication
with the pump chamber of the housing; and activating an
energy source coupled to the pump of the surgical device
to actuate the pump, wherein the pump draws air from
the body cavity into the surgical device through the at
least one first opening of the elongate body, cleans the
air in the filter chamber, and returns the air back into the
body cavity through the at least one second opening of
the elongate body.
[0016] Embodiments of the present disclosure can in-
clude one or more of the following advantages.
[0017] The surgical device includes a closed air filtra-
tion loop for eliminating or reducing the exhaust of po-
tentially hazardous substances from a body cavity, and
the exposure thereof to operating room staff.
[0018] In embodiments, the filter chamber is disposed
on a suction side of the pump chamber to prevent or
reduce the introduction of contaminants and/or impurities
into the pump and thus, in the air circulated back into the
body cavity.
[0019] In some embodiments, the pump is configured
to pressurize the cleaned air to further insufflate the body
cavity in addition to the circulating and filtering the air of
the body cavity.
[0020] Other aspects, features, and advantages will be
apparent from the description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Embodiments of the present disclosure are de-
scribed herein with reference to the accompanying draw-
ings, wherein:

FIG. 1 is a perspective view of a surgical device in
accordance with an embodiment of the present dis-
closure;
FIG. 2 is a cross-sectional view of the surgical device
of FIG. 1, with components disposed within a handle
housing of the surgical device removed;
FIG. 3 is a cross-sectional view of the surgical device

of FIG. 1;
FIG. 4 is a perspective view of the surgical device of
FIG. 1 positioned through an access device that is
disposed within a body wall in accordance with an
embodiment of a method of use of the present dis-
closure;
FIG. 5 is a perspective view of a surgical device in
accordance with another embodiment of the present
disclosure;
FIG. 6 is a cross-sectional view of the surgical device
of FIG. 5;
FIG. 7 is a perspective view of the surgical device of
FIG. 5 positioned through an access device that is
disposed within a body wall in accordance with an
embodiment of a method of use of the present dis-
closure;
FIG. 8 is a cross-sectional view of a surgical device
in accordance with yet another embodiment of the
present disclosure;
FIG. 9 is a perspective view of an elongate body of
a surgical device in accordance with an embodiment
of the present disclosure; and
FIG. 10 is a cross-sectional view of an elongate body
of a surgical device in accordance with another em-
bodiment of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0022] Embodiments of the present disclosure are now
described in detail with reference to the drawings in which
like reference numerals designate identical or corre-
sponding elements in each of the several views.
Throughout this description, the term "proximal" refers to
a portion of a device, or component thereof, that is closer
to a user, and the term "distal" refers to a portion of the
device, or component thereof, that is farther from the us-
er.
[0023] Referring now to FIG. 1, a surgical device 100,
in accordance with an embodiment of the present disclo-
sure, is in the form of a laparoscopic air filtration instru-
ment. The surgical device 100 includes a handle or hous-
ing 110 and an elongate body or shaft 120 extending
distally from the housing 110 along a longitudinal axis
"X." The housing 110 is sized for engagement (e.g., hold-
ing/handling) by a user.
[0024] As shown in FIGS. 1 and 2, the elongate body
120 defines a first or inlet lumen 122 and a second or
outlet lumen 124 therethrough that are separate from
each other and extend along (e.g., parallel to) the longi-
tudinal axis "X" of the surgical device 100. The elongate
body 120 includes a proximal portion 120a coupled to
the housing 110 and a distal or tip portion 120b. One or
more first or inlet openings 123 are defined in the elon-
gate body 120 and are in fluid communication with the
first lumen 122, and one or more second or outlet open-
ings 125 are defined in the elongate body 120 and are
in fluid communication with the second lumen 124. The
first openings 123 are defined through a side wall 120c
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of the elongate body 120 in radially and longitudinally
spaced relation relative to each other and to a closed
distal end 120d of the elongate body 120, and the second
opening 125 is defined through the sidewall 120c of the
elongate body 120 in longitudinally spaced relation rela-
tive to the first openings 123.
[0025] As shown in FIGS. 2 and 3, the housing 110 of
the surgical device 100 includes a filter chamber 130, a
pump chamber 140, and an outlet channel 150 defined
therein. The filter chamber 130 is in fluid communication
with the pump chamber 140 which, in turn, is in fluid com-
munication with the outlet channel 150. The first lumen
122 of the elongate body 120 is in fluid communication
with the filter chamber 130 to provide directional flow,
e.g., an inlet flow path, in the direction of arrows "A" into
the first opening(s) 123 of the elongate body 120, through
the first lumen 122 of the elongate body 120, and into
the filter chamber 130 and then the pump chamber 140
of the housing 110. The second lumen 124 of the elon-
gate body 120 is in fluid communication with the outlet
channel 150 to provide directional flow, e.g., an outlet
flow path, in the direction of arrows "B" from the pump
chamber 140, through the outlet channel 150 of the hous-
ing 110, into the second lumen 124, and out of the second
opening 125 of the elongate body 120.
[0026] The filter chamber 130 may be positioned in a
distal portion 110b of the housing 110, adjacent the prox-
imal portion 120a of the elongate body 120, and the pump
chamber 140 may be positioned proximal of the filter
chamber 130 in a proximal portion 110a of the housing
110. The outlet channel 150 may extend from the pump
chamber 140 in the proximal portion 110a of the housing
distally past the filter chamber 130 to the proximal portion
120a of the elongate body 120.
[0027] As shown in FIG. 3, the filter chamber 130 in-
cludes a filter assembly 132 disposed therein. The filter
assembly 132 includes one or more filters 134 configured
to remove contaminants and/or impurities from fluid (e.g.,
air) passing therethrough. The filter assembly 132 may
include one or more filter cartridges removably insertable
into the filter chamber 130 such that the filter assembly
132 can be a disposable and replaceable component of
the surgical device 100.
[0028] The filters 134 of the filter assembly 132 are
formed to be permeable to gas and impermeable to liquid.
The filters 134 may be positioned within the filter chamber
130 along planes orthogonal to the longitudinal axis "X"
of the surgical device 100, and in spaced relation relative
to each other such that the air moving therethrough pass-
es through each of the filters 134. The filters 134 may be
textured (e.g., include baffles or pleats) to increase the
filtering surface area of the filters 134.
[0029] The filters 134 of the filter assembly 132 may
be the same or different for capturing and/or removing a
variety of potentially hazardous substances (e.g., partic-
ulates, compounds, microorganisms, cellular matter,
etc.) such as, for example, viruses, bacteria, and toxic
vapors or fumes, by the same or different filtration and/or

purification mechanisms. The filter assembly 132 may
provide, for example, bacteria control, virus control, can-
cerogenic control, and/or odor control air purification. The
filter assembly 132 may include therapeutic or pharma-
cological agent(s), such as antimicrobials, antibacterials,
antiseptics, astringents, and/or disinfectants. The filter
assembly 132 may include a combination of filtering pro-
files to target different contaminants. The filters 134 of
filter assembly 132 may include carbon or carbon-based
compounds for removing any of the potentially hazardous
substances disclosed herein or known by those skilled
in the art.
[0030] The pump chamber 140 includes a pump 142
disposed therein that is configured to move fluid (e.g.,
air) through the surgical device 100. The pump 142 in-
cludes a suction port 142a for passage of air from the
filter chamber 130 into the pump 142, and a discharge
port 142b for passage of the air from the pump 142 into
the outlet channel 150.
[0031] The pump 142 is an air pump which may be in
the form of a diaphragm pump, a bellows pump, an air
turbine pump, among other mechanical or electrical de-
vices within the purview of those skilled in the art for fa-
cilitating gas transfer. In embodiments in which the pump
142 is a mechanical air pump, the surgical device 100
can be a disposable (e.g., single-use) unit. In embodi-
ments in which the pump 142 is an electric air pump, the
housing 110 can be a reusable/sterilizable component
of the surgical device 100 and other components, such
as the elongate body 120 and/or the filter assembly 132,
may be disposable and/or replaceable.
[0032] The pump 142 is driven by an external energy
source 10 that is interconnected with the pump 142 by
an energy transmission line 12. The energy transmission
line 12 may releasably engage a port 141 defined in the
housing 110 of the surgical device 100 for coupling with
the pump 142 such that the energy transmission line 12
can be a disposable and/or replaceable component for
use with the surgical device 100.
[0033] The pump 142 is a vacuum driven air pump
adapted to maintain or draw adequate vacuum levels for
circulating air through the surgical device 100. In embod-
iments in which the pump 142 is a mechanical air pump,
the energy source 10 is a vacuum source and the energy
transmission line 12 is tubing. In embodiments in which
the pump 142 is an electric air pump, the energy source
10 is an electricity source and the energy transmission
line 12 is a power cord.
[0034] As shown in FIG. 4, in conjunction with FIG. 3,
in a method of use in accordance with an embodiment
of the present disclosure, the surgical device 100 is in-
serted through an access device 20 that is positioned
through an abdominal wall "W" and into an abdominal
cavity "C" of a patient. The access device 20 may be, for
example, a trocar, a cannula, or an access port, such as
a gel port or a SILS™ port of Covidien LP, configured to
sealingly engage the surgical device 100 inserted there-
through, for example, to maintain insufflation of the ab-
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dominal cavity "C." The surgical device 100 is positioned
within the access device 20 such that the first and second
openings 123, 125 of the elongate body 120 are disposed
within the abdominal cavity "C" and the housing 110 is
positioned outside the abdominal wall "W."
[0035] The surgical device 100 is coupled to the energy
source 10 via the energy transmission line 12, and the
energy source 10 is activated to actuate the pump 142.
The pump 142 draws air from the abdominal cavity "C"
into the first lumen 122 of the elongate body 120 through
the first openings 123, and into the filter chamber 130 of
the housing 110. The air then passes through the filter
assembly 132 disposed within the filter chamber 130,
where the air is cleaned (e.g., filtered or purified), and
the cleaned air passes into the pump chamber 140. The
air then enters the pump 142 through the suction port
142a and is discharged from the pump 142 through the
discharge port 142b into the outlet channel 150. The air
travels through the outlet channel 150, into the second
lumen 124, and out of the second opening 125 back into
the abdominal cavity "C." Thus, a closed loop air filtration
system is created in which the air of the abdominal cavity
"C" is circulated (e.g., recirculated) and cleaned.
[0036] The configuration of the first openings 123 in
the elongate body 120 minimizes or prevents bodily fluids
and/or surrounding organs from being sucked into the
first lumen 122 and/or damaged while the air is drawn
from the abdominal cavity "C" into the elongate body 120.
The configuration of the second opening 125 in longitu-
dinally spaced relation relative to the first openings 123
reduces recirculation of air flow between the first and
second openings 123, 125 (e.g., between the inlet and
outlet flows) and increases the efficiency of the surgical
device 100.
[0037] Turning now to FIG. 5, a surgical device 200, in
accordance with another embodiment of the present dis-
closure, is in the form of a laparoscopic air filtration and
insufflation instrument. The surgical device 200 is sub-
stantially similar to the surgical device 100 of FIG. 1 and
will be described with respect to the differences therebe-
tween.
[0038] As shown in FIGS. 5 and 6, the surgical device
200 includes a handle or housing 210 and an elongate
body or shaft 120 extending distally from the housing 210
along a longitudinal axis "X." The housing 210 of the sur-
gical device 200 includes a filter chamber 230, a first
pump chamber 240a, a second pump chamber 240b,
and an outlet channel 250 defined therein. The filter
chamber 230 is in fluid communication with the first pump
chamber 240a which, in turn, is in fluid communication
with the outlet channel 250. The second pump chamber
240b is also in fluid communication with the outlet chan-
nel 250. The first lumen 122 of the elongate body 120 is
in fluid communication with the filter chamber 230 to pro-
vide directional flow, e.g., an inlet flow path, into the first
openings 123 and the first lumen 122 of the elongate
body 120, and through the filter chamber 230 and the
first pump chamber 240a of the housing 210. The second

lumen 124 is in fluid communication with the outlet chan-
nel 250 to provide directional flow, e.g., an outlet flow
path, from the first and/or second pump chambers 240a,
240b and the outlet channel 250 of the housing 210, into
the second lumen 124 of the elongate body 120, and
then out of the second opening 125 of the elongate body
120.
[0039] The filter chamber 230 includes a filter assem-
bly 132 disposed therein, and the first pump chamber
240a includes a first pump 142 disposed therein that in-
cludes a suction port 142a for passage of air from the
filter chamber 230 into the pump 142, and a discharge
port 142b for passage of the air from the pump 142 into
the outlet channel 250. The first pump 142 is driven by
a first external energy source 10 and connected thereto
by a first energy transmission line 12 to circulate and filter
air of an abdominal cavity, as discussed above with re-
gard to the surgical device 100.
[0040] The second pump chamber 240b includes a
second pump 242 disposed therein that is configured to
pressurize fluid (e.g., air) and move the pressurized fluid
out of the surgical device 200 to insufflate an abdominal
cavity. The second pump 242 includes a suction port
242a for the passage of an insufflation fluid (e.g., ambient
air) into the second pump 242 and a discharge port 242b
for passage of the insufflation fluid from the second pump
242 into the outlet channel 250. The second pump 242
may be a mechanical or electrical air pump, as described
above with respect to pump 142, and is driven by a sec-
ond external energy source 14 that is interconnected with
the second pump 242 via a second energy transmission
line 16. The second pump 242 may be the same as or
different from the first pump 142 and/or may be coupled
to the same energy source as the first pump 142 (e.g.,
the first external energy source 10). Accordingly, the first
pump 142 is utilized to circulate purified air of an abdom-
inal cavity and the second pump 242 is utilized to insuf-
flate the abdominal cavity.
[0041] As shown in FIG. 7, in a method of use in ac-
cordance with an embodiment of the present disclosure,
the surgical device 200 is inserted into an access device
20 that is positioned through an abdominal wall "W" and
into an abdominal cavity "C" of a patient. The surgical
device 200 is positioned within the access device 20 such
that the first and second openings 123, 125 of the elon-
gate body 120 are disposed within the abdominal cavity
"C" and the housing 210 is positioned outside the ab-
dominal wall "W."
[0042] With continued reference to FIG. 7, in conjunc-
tion with FIG. 6, the surgical device 200 is coupled to the
first and second energy sources 10, 14 via the first and
second energy transmission lines 12, 16, and the first
and second energy sources 10, 14 are activated to ac-
tuate the first and second pumps 142, 242 disposed with-
in the housing 210. The first pump 142 draws air from
the abdominal cavity "C" into the first lumen 122 of the
elongate body 120 through the first openings 123, and
into the filter chamber 230 of the housing 210. The air
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then passes through the filter assembly 132 disposed
within the filter chamber 230, where the air is cleaned
(e.g., filtered or purified), and the cleaned air passes into
the first pump 142 disposed in the first pump chamber
240a. The first pump 142 discharges the cleaned air
through the discharge port 142b into the outlet channel
250, through the second lumen 124 of the elongate body
120, and out of the second opening 125 back into the
abdominal cavity "C."
[0043] The second pump 242 draws ambient air into
the second pump 242 through the suction port 242a
where the air is pressurized. The pressurized air is dis-
charged from the second pump chamber 240b through
the discharge port 242b into the outlet channel 250,
through the second lumen 124 of the elongate body 120,
and out of the second opening 125 into the abdominal
cavity "C." The second pump 242 is configured to main-
tain a pre-set pressure level within the abdominal cavity
"C." In embodiments, the pre-set pressure level is up to
about 25 mmHg, and in some embodiments, up to about
20 mmHg. In certain embodiments, the pre-set pressure
level ranges from about 8 mmHg to about 14 mmHg. The
pump 242 is configured to discharge pressurized air
therefrom such that outlet flow path through the surgical
device 200 is an insufflation flow path for creating and/or
maintaining a pneumoperitoneum of the abdominal cav-
ity, as well as circulating and cleaning air of the abdominal
cavity in a closed circulation loop.
[0044] With reference now to FIG. 8, a surgical device
300, in accordance with another embodiment of the
present disclosure, is in the form of a laparoscopic air
filtration and insufflation instrument. The surgical device
300 is substantially similar to the surgical device 200 of
FIG. 5 and will be described with respect to the differenc-
es therebetween.
[0045] The surgical device 300 includes a handle or
housing 310 and an elongate body or shaft 120 extending
distally from the housing 310 along a longitudinal axis
"X." The housing 310 of the surgical device 300 includes
a filter chamber 330, a pump chamber 340, and an outlet
channel 350 defined therein. The filter chamber 330 is in
fluid communication with the pump chamber 340 which,
in turn, is in fluid communication with the outlet channel
250. The first lumen 122 of the elongate body 120 is in
fluid communication with the filter chamber 330 to provide
directional flow, e.g., an inlet flow path, into the surgical
device 300 through the first openings 123, and the sec-
ond lumen 124 of the elongate body 120 is in fluid com-
munication with the outlet channel 350 to provide direc-
tion flow, e.g., an outlet flow path, out of the surgical de-
vice 300 through the second opening 125.
[0046] The filter chamber 330 includes a filter assem-
bly 132 disposed therein, and the pump chamber 340
includes a pump 342 disposed therein that is configured
to purify and circulate and/or pressurize air. The pump
342 is an air pump, as discussed above with regard to
pump 142, that is driven by an external energy source
10 and connected thereto by an energy transmission line

12 extending between the pump 342 and the energy
source 10.
[0047] In the illustrated embodiment, the pump 342 is
a double diaphragm pump including a first suction port
342a for passage of air from the filter chamber 330 into
the pump chamber 340 and a discharge port 342b for
passage of the air from the pump chamber 340 into the
outlet channel 350. The pump 342 also includes a second
suction port 342c for the passage of ambient air into the
pump 342. The pump 342 includes a control unit 344 for
alternating the function of the pump 342 between circu-
lating and purifying air and pressurizing air. The control
unit 344 is configured to switch from circulating and pu-
rifying air to pressurizing air in response to a drop in pres-
sure from a pre-set pressure level or range. If the pres-
sure drops below the pre-set pressure level or range, the
control unit 344 will close the first suction port 342a and
open the second suction port 342c such that the ambient
air is drawn into the pump 342. If the pressure is at the
pre-set pressure level or within range, the control unit
344 opens the first suction port 342a and closes the sec-
ond suction port 342c to circulate and purify the air drawn
into and withdrawn through the elongate body 120.
[0048] Accordingly, in a method of use, the surgical
device 300 is inserted into an access device 20 (see e.g.,
FIG. 7), as discussed above with regard to surgical de-
vices 100, 200. The surgical device 300 is coupled to the
energy source 10 via the energy transmission line 12,
and the energy source 10 is activated to actuate the pump
342 disposed within the housing 210. The pump 342 will
then either circulate and purify the air disposed within the
abdominal cavity "C" or insufflate the abdominal cavity
"C" with pressurized air, as discussed above, in response
to pressure changes within the abdominal cavity "C."
[0049] While the surgical devices 200, 300 have been
described as discharging pressurized air into an abdom-
inal cavity "C" through the outlet channel 250, 350 of the
housing 210, 310 and the second lumen 124 of the elon-
gate body 120, it should be understood that the surgical
devices 200, 300 may be interconnected with a gas
source as a source of insufflation fluid and/or the housing
may include an insufflation channel in fluid communica-
tion with a third lumen of the elongate body. Such a con-
figuration may allow for simultaneous or selective use of
the filtering and insufflation functions of the surgical de-
vice.
[0050] Further, while the surgical devices have been
described as being interconnected to an energy source
via an energy transmission line, other power configura-
tions are contemplated. For example, the energy source
may be wirelessly coupled to the pump. As another ex-
ample, the housing of the surgical device may include an
energy source chamber defined therein in which the en-
ergy source (e.g., batteries) is disposed.
[0051] Other configurations of the elongate body of the
surgical devices are envisioned. For example, while the
elongate body has been shown as being substantially
circular in cross-section (e.g., tubular), it should be ap-
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preciated that other cross-sectional areas of the elongate
body, such as oval, elliptical, or polygonal shapes, are
also with the scope of this disclosure. Additionally, the
cross-sectional area and/or shape of the first and second
lumens of the elongate body may be the same or differ-
ent, and/or may vary along the length of the elongate
body.
[0052] Further, while the first and second lumens of
the elongate body are shown as being longitudinally stag-
gered with respect to each other, it is contemplated that
the first and second lumens may be coterminous with
each other and/or may be split along a distal portion
thereof, as shown for example, in FIG. 9. As shown in
FIG. 9, a distal portion 220b of an elongate body 220 is
split such that a first segment 221a includes first or inlet
openings 223 and a second segment 221b includes a
second or outlet opening 225. The first and second seg-
ments 221a, 221b would be movable from the biased
split configuration to an aligned configuration to facilitate
insertion into a body cavity (e.g., through an access de-
vice).
[0053] In yet another example, as shown in FIG. 10,
an elongate body 320 includes first and second lumens
332, 324 that are coaxially aligned and longitudinally
staggered with respect to each other such that first or
inlet openings 323 of the first lumen 332 are disposed
distal to a second or outlet opening 325 of the second
lumen 324. A staggered and/or split tip configuration may
reduce air recirculation between the first and second
openings of the elongate body.
[0054] Further, while the elongate bodies of the surgi-
cal devices have been shown as including first openings
that are side openings and a second opening that is a
side opening or a tip opening, it should be understood
that various configurations of tip openings and/or side
openings are contemplated. For example, the first lumen
may additionally or alternatively include a tip opening and
the second lumen may include a plurality of side and/or
tip openings.
[0055] While the surgical device have been described
as filtering air disposed within an abdominal cavity during
a laparoscopic surgical procedure and/or maintaining in-
sufflation of an abdominal cavity, other applications of
such surgical devices are additionally or alternatively
possible. For example, it should be appreciated that sur-
gical devices of the present disclosure may be used in a
range of minimally invasive surgical applications includ-
ing, for example, removal of gaseous by-products asso-
ciated with some surgical procedures (e.g., smoke evac-
uation associated with ablation and cautery procedures).
As another example, the filter assembly of the surgical
devices of the present disclosure may include a combi-
nation of filtering profiles expanding their use such as,
for example, during laparoscopy training in cadaver labs
to mainly eliminate or reduce odor but also target other
dangers or impurities associated with the cadaver labs.
[0056] Persons skilled in the art will understand that
the structures and methods specifically described herein

and shown in the accompanying figures are non-limiting
exemplary embodiments, and that the description, dis-
closure, and figures should be construed merely as ex-
emplary of particular embodiments. It is to be understood,
therefore, that the present disclosure is not limited to the
precise embodiments described, and that various other
changes and modifications may be effected by one
skilled in the art without departing from the scope or spirit
of the disclosure. Additionally, the elements and features
shown and described in connection with certain embod-
iments may be combined with the elements and features
of certain other embodiments without departing from the
scope of the present disclosure, and that such modifica-
tions and variation are also included within the scope of
the present disclosure. Accordingly, the subject matter
of the present disclosure is not limited by what has been
particularly shown and described. Thus, other embodi-
ments are within the scope of the following claims.
[0057] The invention may be described by reference
to the following numbered paragraphs:-

1. A surgical device comprising:

a housing defining a filter chamber and a pump
chamber therein, the filter chamber in fluid com-
munication with the pump chamber;
a filter assembly disposed within the filter cham-
ber;
a pump disposed within the pump chamber; and
an elongate body extending distally from the
housing, the elongate body defining first and
second lumens therethrough, the elongate body
including at least one first opening in fluid com-
munication with the first lumen and at least one
second opening in fluid communication with the
second lumen, the first lumen in fluid communi-
cation with the filter chamber of the housing and
the second lumen in fluid communication with
the pump chamber of the housing thereby form-
ing a closed filtration loop through the surgical
device.

2. The surgical device according to paragraph 1,
wherein the at least one first opening or the at least
one second opening of the elongate body includes
a tip opening defined in a distal end of the elongate
body.
3. The surgical device according to paragraph 1,
wherein the at least one first opening or the at least
one second opening of the elongate body includes
a side opening defined through a sidewall of the elon-
gate body.
4. The surgical device according to paragraph 1,
wherein the housing includes an outlet channel de-
fined therein, the outlet channel fluidly coupling the
pump chamber of the housing with the second lumen
of the elongate body.
5. The surgical device according to paragraph 4,
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wherein the filter chamber is positioned in a distal
portion of the housing adjacent a proximal portion of
the elongate body and the pump chamber is posi-
tioned proximal of the filter chamber.
6. The surgical device according to paragraph 5,
wherein the outlet channel extends from the pump
chamber distally past the filter chamber and is con-
nected to the proximal portion of the elongate body.
7. The surgical device according to paragraph 1,
wherein the filter assembly includes a filter permea-
ble to gas.
8. The surgical device according to paragraph 7,
wherein the filter is positioned within the filter cham-
ber along a plane orthogonal to a longitudinal axis
of the housing.
9. The surgical device according to paragraph 1,
wherein the filter assembly includes a plurality of fil-
ters.
10. The surgical device according to paragraph 9,
wherein the plurality of filters includes at least one
of a bacteria control filter, a virus control filter, or an
odor control filter.
11. The surgical device according to paragraph 1,
wherein the housing includes a port operably cou-
pled to the pump, the port configured to releasably
engage an energy transmission line for actuating the
pump.
12. The surgical device according to paragraph 1,
further comprising an energy transmission line op-
erably coupled to the pump.
13. The surgical device according to paragraph 1,
wherein the pump is an air pump.
14. The surgical device according to paragraph 12,
wherein the pump is a mechanical air pump and the
energy transmission line is tubing configured for cou-
pling with a vacuum.
15. The surgical device according to paragraph 1,
wherein the pump is a double diaphragm pump.
16. The surgical device according to paragraph 1,
wherein the pump includes a first suction port in fluid
communication with the filter chamber and a second
suction port in fluid communication with an insuffla-
tion fluid, the pump including a control unit for selec-
tively controlling the opening and closing of the first
and second suction ports such that when the first
suction port is open, the pump is configured to cir-
culate air into the first lumen, through the filter cham-
ber, and out the second lumen and, when the second
suction port is open, the pump is configured to pres-
surize the insufflation fluid and discharge the insuf-
flation fluid out through the second lumen.
17. The surgical device according to paragraph 1,
wherein the housing further includes a second pump
chamber defined therein, the second pump chamber
including a second pump disposed therein, the sec-
ond pump including a suction port for drawing am-
bient air into the second pump and a discharge port
in fluid communication with the second lumen of the

elongate body.
18. A method of filtering air during a laparoscopic
surgical procedure, comprising:

positioning an elongate body of a surgical device
within a body cavity, the surgical device includ-
ing:

a housing defining a filter chamber and a
pump chamber therein, the filter chamber
in fluid communication with the pump cham-
ber;
a filter assembly disposed within the filter
chamber;
a pump disposed within the pump chamber;
and
the elongate body extending distally from
the housing, the elongate body defining first
and second lumens therethrough, the elon-
gate body including at least one first open-
ing in fluid communication with the first lu-
men and at least one second opening in fluid
communication with the second lumen, the
first lumen in fluid communication with the
filter chamber of the housing and the second
lumen in fluid communication with the pump
chamber of the housing; and

activating an energy source coupled to the pump
of the surgical device to actuate the pump,
wherein the pump draws air from the body cavity
into the surgical device through the at least one
first opening of the elongate body, cleans the air
in the filter chamber, and returns the air back
into the body cavity through the at least one sec-
ond opening of the elongate body.

Claims

1. A surgical device comprising:

a housing defining a filter chamber and a pump
chamber therein, the filter chamber in fluid com-
munication with the pump chamber;
a filter assembly disposed within the filter cham-
ber;
a pump disposed within the pump chamber; and
an elongate body extending distally from the
housing, the elongate body defining first and
second lumens therethrough, the elongate body
including at least one first opening in fluid com-
munication with the first lumen and at least one
second opening in fluid communication with the
second lumen, the first lumen in fluid communi-
cation with the filter chamber of the housing and
the second lumen in fluid communication with
the pump chamber of the housing thereby form-
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ing a closed filtration loop through the surgical
device.

2. The surgical device according to claim 1, wherein
the at least one first opening or the at least one sec-
ond opening of the elongate body includes a tip open-
ing defined in a distal end of the elongate body.

3. The surgical device according to claim 1 or claim 2,
wherein the at least one first opening or the at least
one second opening of the elongate body includes
a side opening defined through a sidewall of the elon-
gate body.

4. The surgical device according to any preceding
claim, wherein the housing includes an outlet chan-
nel defined therein, the outlet channel fluidly coupling
the pump chamber of the housing with the second
lumen of the elongate body.

5. The surgical device according to claim 4, wherein
the filter chamber is positioned in a distal portion of
the housing adjacent a proximal portion of the elon-
gate body and the pump chamber is positioned prox-
imal of the filter chamber; preferably wherein the out-
let channel extends from the pump chamber distally
past the filter chamber and is connected to the prox-
imal portion of the elongate body.

6. The surgical device according to any preceding
claim, wherein the filter assembly includes a filter
permeable to gas; preferably wherein the filter is po-
sitioned within the filter chamber along a plane or-
thogonal to a longitudinal axis of the housing.

7. The surgical device according to any preceding
claim, wherein the filter assembly includes a plurality
of filters; preferably wherein the plurality of filters in-
cludes at least one of a bacteria control filter, a virus
control filter, or an odor control filter.

8. The surgical device according to any preceding
claim, wherein the housing includes a port operably
coupled to the pump, the port configured to releas-
ably engage an energy transmission line for actuat-
ing the pump.

9. The surgical device according to any preceding
claim, further comprising an energy transmission line
operably coupled to the pump.

10. The surgical device according to any preceding
claim, wherein the pump is an air pump; preferably
wherein the pump is a mechanical air pump and the
energy transmission line is tubing configured for cou-
pling with a vacuum.

11. The surgical device according to any preceding

claim, wherein the pump is a double diaphragm
pump.

12. The surgical device according to any preceding
claim, wherein the pump includes a first suction port
in fluid communication with the filter chamber and a
second suction port in fluid communication with an
insufflation fluid, the pump including a control unit
for selectively controlling the opening and closing of
the first and second suction ports such that when the
first suction port is open, the pump is configured to
circulate air into the first lumen, through the filter
chamber, and out the second lumen and, when the
second suction port is open, the pump is configured
to pressurize the insufflation fluid and discharge the
insufflation fluid out through the second lumen.

13. The surgical device according to any preceding
claim, wherein the housing further includes a second
pump chamber defined therein, the second pump
chamber including a second pump disposed therein,
the second pump including a suction port for drawing
ambient air into the second pump and a discharge
port in fluid communication with the second lumen
of the elongate body.

14. A method of filtering air during a laparoscopic surgi-
cal procedure, comprising:

positioning an elongate body of a surgical device
within a body cavity, the surgical device includ-
ing:

a housing defining a filter chamber and a
pump chamber therein, the filter chamber
in fluid communication with the pump cham-
ber;
a filter assembly disposed within the filter
chamber;
a pump disposed within the pump chamber;
and
the elongate body extending distally from
the housing, the elongate body defining first
and second lumens therethrough, the elon-
gate body including at least one first open-
ing in fluid communication with the first lu-
men and at least one second opening in fluid
communication with the second lumen, the
first lumen in fluid communication with the
filter chamber of the housing and the second
lumen in fluid communication with the pump
chamber of the housing; and

activating an energy source coupled to the pump
of the surgical device to actuate the pump,
wherein the pump draws air from the body cavity
into the surgical device through the at least one
first opening of the elongate body, cleans the air
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in the filter chamber, and returns the air back
into the body cavity through the at least one sec-
ond opening of the elongate body.
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