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(57) ABSTRACT

A surgical gas delivery system is disclosed that includes a
device housing supporting a control unit and a filter interface
having a seat for receiving a filter cartridge, the filter cartridge
having a filter housing defining an interior reservoir, wherein
sensors are coupled to the control unit for sensing a level of
liquid within the reservoir of the filter cartridge to prevent
contamination of the device, and wherein a set of blocking
valves are provided in the device housing for interacting with
the filter cartridge when it is received in the filter interface to
control flow through suction and pressure lines of the device,
and wherein the control unit is adapted to recognize a char-
acteristic of the filter cartridge received in the filter interface.
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FILTER INTERFACE FOR MULTIMODAL
SURGICAL GAS DELIVERY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The subject invention is continuation of U.S. appli-
cation Ser. No. 13/237,628, filed on Sep. 20, 2011, which
claims the benefit of priority to U.S. Provisional Patent Appli-
cation No. 61/384,412, filed on Sep. 20, 2010, the disclosures
of which are herein incorporated by reference in their entire-
ties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The subject invention is directed to laparoscopic
surgery, and more particularly, to a filter interface for a mul-
timodal insufflation system used during laparoscopic surgical
procedures.

[0004] 2. Description of Related Art

[0005] Laparoscopic or “minimally invasive” surgical
techniques are becoming commonplace in the performance of
procedures such as cholecystectomies, appendectomies, her-
nia repair and nephrectomies. Benefits of such procedures
include reduced trauma to the patient, reduced opportunity
for infection, and decreased recovery time. Such procedures
within the abdominal (peritoneal) cavity are typically per-
formed through a device known as a trocar or cannula, which
facilitates the introduction of laparoscopic instruments into
the abdominal cavity of a patient.

[0006] Additionally, such procedures commonly involve
filling or “insufflating” the abdominal (peritoneal) cavity with
a pressurized fluid, such as carbon dioxide, to create what is
referred to as a pneumoperitoneum. The insufflation can be
carried out by a surgical access device (sometimes referred to
as a “cannula” or “trocar”) equipped to deliver insufflation
fluid, or by a separate insufflation device, such as an insuffla-
tion (veress) needle. Introduction of surgical instruments into
the pneumoperitoneum without a substantial loss of insuffla-
tion gas is desirable, in order to maintain the pneumoperito-
neum.

[0007] During typical laparoscopic procedures, a surgeon
makes three to four small incisions, usually no larger than
about twelve millimeters each, which are typically made with
the surgical access devices themselves, typically using a sepa-
rate inserter or obturator placed therein. Following insertion,
the inserter is removed, and the trocar allows access for
instruments to be inserted into the abdominal cavity. Typical
trocars often provide means to insufflate the abdominal cav-
ity, so that the surgeon has an open interior space in which to
work.

[0008] The trocar must provide a means to maintain the
pressure within the cavity by sealing between the trocar and
the surgical instrument being used, while still allowing at
least a minimum freedom of movement of the surgical instru-
ments. Such instruments can include, for example, scissors,
grasping instruments, and occluding instruments, cauterizing
units, cameras, light sources and other surgical instruments.
Sealing elements or mechanisms are typically provided on
trocars to prevent the escape of insufflation gas. Sealing ele-
ments or mechanisms typically include a duckbill-type valve
made of a relatively pliable material, to seal around an outer
surface of surgical instruments passing through the trocar.
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[0009] Further, in laparoscopic surgery, electrocautery and
other techniques (e.g. harmonic scalpels) create smoke and
other debris in the surgical cavity, reducing visibility by fog-
ging the view from, and coating surfaces of endoscopes and
the like. A variety of surgical insufflation systems and smoke
evacuation systems are known in the art.

[0010] Additionally, SurgiQuest, Inc., Milford, Conn. USA
has developed surgical access devices that permit access to an
insufflated surgical cavity without conventional mechanical
seals, and has developed related systems for providing suffi-
cient pressure and flow rates to such access devices, as
described in whole or in part in U.S. Pat. No. 7,854,724.
[0011] The present invention relates to multimodal sys-
tems, and related devices and methods, capable of performing
multiple surgical gas delivery functions, including insuffla-
tion to standard or specialized surgical access devices or other
instruments, such as veress needles and the like, smoke
evacuation through standard or specialized surgical access
devices, and specialized functions, such as recirculation and
filtration of insufflation fluids, such as with the above-men-
tioned surgical access devices described in U.S. Pat. No.
7,854,724, as well as those in U.S. Pat. No. 7,182,752, 7,285,
112, 7,413,559 or 7,338,473, for example.

[0012] Use of a single multimodal system such as those
described herein reduces costs by requiring purchase of only
one system while achieving multiple functions, and also
thereby reduces the amount of equipment needed in an oper-
ating room, thus reducing clutter and allowing space for other
necessary equipment.

SUMMARY OF THE INVENTION

[0013] The subject invention is directed to a new and useful
surgical gas delivery system for use during laparoscopic sur-
gical procedures, and more particularly, to a unique filter
interface for a multimodal insufflation and smoke evacuation
system. The system includes a device housing supporting a
computer-controlled control unit and a filter interface. The
filter interface has a seat for receiving a disposable filter
cartridge. The filter cartridge has a filter housing defining an
interior reservoir, and means are coupled to the control unit
for sensing a level of liquid within the reservoir of the filter
cartridge.

[0014] The means for sensing a level of liquid within the
reservoir includes a first sensor adapted and configured to
detect a first liquid level within the reservoir and a second
sensor adapted and configured to detect a second liquid level
within the reservoir. Preferably, each sensor is a reflective
sensor with an integrated infrared emitter and photodiode.
[0015] The filter cartridge has a pair of optical prisms
formed integral with the housing and located within the res-
ervoir for sensing a level of liquid within the reservoir. Pref-
erably, the pair of prisms includes a first prism defining a first
set point level and a second prism defining a second set point
level. An outer surface of the filter housing located proximate
the location of the prisms is in optical communication with
the means for sensing a level of liquid within the reservoir
when the filter is seated within the filter interface.

[0016] The control unit is adapted and configured to pro-
vide a warning indicating that a liquid level within the reser-
voir has reached the first set point level. The control unit is
adapted and configured to shut down a compressor within the
device housing when a liquid level within the reservoir has
reached the second set point level.
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[0017] The device housing also includes a normally closed
spring-loaded blocking valve for blocking a suction line asso-
ciated with the smoke evacuation feature when a filter car-
tridge is not seated within the filter interface, or in other
operational modes. In addition, the device housing includes a
normally closed spring-loaded blocking valve for blocking a
pressure line associated with the gaseous sealing features
when a filter cartridge is not seated within the filter interface,
or in other operational modes.

[0018] The device is adapted and configured to perform a
self-test prior to a surgical procedure, to determine if there is
a filter cartridge attached to the filter interface. The blocking
valves are both closed during the self-test. The device has a
first mode of operation in which the blocking valves for the
suction line and pressure line are both closed. This corre-
sponds to a standard or conventional insufflation mode of
operation in which a standard or conventional trocar is
employed.

[0019] As used herein, the terms conventional or standard
trocar shall refer to a mechanically sealed trocar device that
employs, for example, a duckbill seal, tri-cuspid seal or wiper
seal to prevent the egress of insufflation fluid from the body
cavity through the trocar during a surgical procedure, as
opposed to a gas sealed trocar that does not employ a
mechanical seal to prevent the egress of insufflation fluid
through the trocar.

[0020] The device has a second mode of operation in which
the blocking valves for the suction line and pressure line are
both open. This corresponds to a gaseous sealing mode of
operation, wherein smoke evacuation is performed while a
unique gas sealed trocar device in employed. The device has
a third mode of operation in which the suction line and pres-
sure line are both open, but the pressure line is internally
blocked by the filter. This corresponds to an insufflation and
smoke evacuation mode of operation wherein two conven-
tional trocars are employed in tandem.

[0021] The control unit of the surgical gas delivery device
of'the subject invention is also adapted to detect or otherwise
recognize an operational or physical characteristic of the filter
cartridge received in the filter interface. More particularly, the
control unit is adapted to detect whether the filter cartridge is
configured for use in a mode of operation in which a gas
sealed trocar device is connected to the filter cartridge
through a multi-lumen tube set (i.e., the gaseous seal mode),
or whether the filter cartridge is configured for use ina second
mode of operation in which two conventional or standard
mechanically sealed trocar devices are connected to the filter
cartridge through a multi-lumen tube set (i.e., the insufflation
and smoke evacuation mode). The control unit is also adapted
to detect the orientation or position of the filter cartridge
within filter interface, to ensure the filter cartridge is properly
seated prior to operation.

[0022] Inanother aspect ofthe subject invention, the device
housing of the surgical gas delivery device communicates
with the abdominal cavity of a patient through a gas circuit,
which includes a surgical access device. The device housing
of the surgical gas delivery device supports a computer-con-
trolled control unit having a gas sensor for monitoring gas
quality in the gas circuit. The gas sensor is adapted and
configured to detect gas composition in the gas circuit. For
example, the gas sensor can be adapted to detect the CO,, O,
or N, concentration within the gas circuit. The gas composi-
tion in the gas circuit correlates directly with the gas compo-
sition within the abdominal cavity. More particularly, the gas
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composition within a recirculation chamber of the surgical
access device correlates directly with the gas composition
within the abdominal cavity of the patient.

[0023] Preferably, the control unit is adapted and config-
ured to maintain a gas concentration in the abdominal cavity
within a predetermined range, as monitored by the gas sensor.
The control unit is adapted and configured to increase insuf-
flation flow rate to the abdominal cavity if the gas sensor
determines the gas concentration in the abdominal cavity falls
below a predetermined level.

[0024] These and other features of the surgical gas delivery
system of the subject invention and the manner in which it is
manufactured and employed will become more readily appar-
ent to those having ordinary skill in the art from the following
enabling description of the preferred embodiments of the
subject invention taken in conjunction with the several draw-
ings described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] So that those skilled in the art to which the subject
invention appertains will readily understand how to make and
use the subject invention without undue experimentation,
preferred embodiments thereof will be described in detail
herein below with reference to certain figures, wherein:
[0026] FIG. 1 is a perspective view of a multimodal gas
delivery device constructed in accordance with a preferred
embodiment of the subject invention;

[0027] FIG. 2 is an exploded perspective view of a filter
cartridge adapted and configured for interfacing with the gas
delivery device of FIG. 1, which includes a fluid trap or
reservoir for capturing bodily fluid drawn into the filter car-
tridge during use;

[0028] FIG. 3 is an enlarged localized view of a pair of
optical prisms formed integral with the filter housing and
located within the reservoir for sensing a level of liquid within
the reservoir;

[0029] FIG. 4 is a perspective view of the filter cartridge
with the outer wall of the filter housing broken away to show
the reservoir having a level of fluid therein that is insufficient
to interact with the first optical prism;

[0030] FIG. 5 is a schematic illustration of the first optical
prism and the electronic sensor associated therewith, when
fluid is not interacting with the prism, as shown in FIG. 4,
whereby 100% of the emitted infrared signal is returned
through the prism to the photodiode of the sensor;

[0031] FIG. 6 is a perspective view of the filter cartridge
with the outer wall of the filter housing broken away to show
the reservoir having a level of fluid therein that is sufficient to
interact with the first optical prism;

[0032] FIG. 7 is a schematic illustration of the first optical
prism and the electronic sensor associated therewith, when
fluid is interacting with the prism, as shown in FIG. 6,
whereby less than 100% of the emitted infrared signal is
returned through the prism to the photodiode of the sensor;
[0033] FIG. 8is an enlarged localized view of the multimo-
dal gas delivery device of FIG. 1, with the front face cut away
to reveal the internal components of the filter interface,
including the latching lever, filter seat and blocking valves;
[0034] FIG.9is across-sectional view of the filter cartridge
seated in the cartridge interface and interacting with the
blocking valves;

[0035] FIG. 10 is a block diagram of the components of the
multimodal gas delivery device illustrated in FIG. 1;
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[0036] FIG. 11 is a detailed pneumatic schematic of the
multimodal gas delivery system of the subject invention;
[0037] FIG.12 is a pneumatic schematic of the multimodal
gas delivery system of the subject invention during the insuf-
flation mode with smoke evacuation, wherein two conven-
tional mechanically sealed trocars are employed; and
[0038] FIG. 13 depicts the gas circuit of the subject inven-
tion, which is monitored by a gas composition sensor, for
ensuring gas quality in the abdominal cavity of a patient
during a laparoscopic surgical procedure.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0039] It is to be appreciated that the systems, devices and
methods presented herein may be used for surgical gas deliv-
ery, including insufflation, smoke evacuation, and/or recircu-
lation in connection with suitable surgical devices, and in
applicable surgical procedures. The present invention is par-
ticularly suited for minimizing the amount of equipment
needed in a surgical operating room, in that the subject sys-
tems are capable of performing multiple functions, and there-
fore also allow flexibility of surgical technique. It is envi-
sioned that the gas delivery system disclosed herein can be
used in general laparoscopic procedures including but not
limited to laparoscopic cholecystectomy, laparoscopic
appendectomy, laparoscopic hernia repair, Nissen-Y and Lap
Nephrectomy.

[0040] Those skilled in the art will readily appreciate that
systems described in U.S. Pat. No. 7,854,724, for example,
provide pressurized gas to and remove depressurized gas
from specialized surgical access devices, which penetrate
into a surgical cavity, such as a patient’s abdominal cavity.
These access devices are adapted and configured to form a
pressure barrier to inhibit the loss of insufflation gas to the
atmosphere.

[0041] Gas from the abdomen interchanges with gas com-
ing from the access device(s), a portion of which is collected
and recycled through the system, and is re-pressurized, pass-
ing through one or more filters along the way. During this
recycling process, smoke and/or other circulating debris,
such as atomized fluids, are removed by the filters, improving
visibility within the surgical cavity, thus aiding in the surgical
procedure.

[0042] The multimodal gas delivery system of the subject
invention is adapted and configured to selectively provide
three different insufflation functions. The first mode of opera-
tion involves the automatically (electronically) regulated
delivery of a pressurized insufflation fluid to a gas sealed
access device to provide and maintain sealable access to the
body cavity, and smoke evacuation from the body cavity
through a filter device. In this mode, the user can selectively
start and stop insufflation, set the abdominal pressure, select
the level of smoke evacuation (normal ~3 I/min or high ~8
I/min), and set the flow rate. A unique three lumen tube set is
used for this mode of operation, wherein one lumen is used for
pressure, one lumen is used for suction and one lumen is used
for insufflation.

[0043] In this mode, the gas sealed access device includes
an annular nozzle configured to direct pressurized fluid from
a plenum chamber into a central bore of a trocar to provide a
constant gaseous seal around a surgical instrument inserted
there through, while simultaneously preventing a loss of pres-
surized fluid from the body cavity through the central bore of
the trocar. Such a surgical access device is disclosed in U.S.
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Pat. Nos. 7,413,559 and 7,854,724, which are both herein
incorporated by reference in their entireties.

[0044] The second mode of operation utilizes two tethered
conventional trocars and involves directing pressurized insuf-
flation gas into the body cavity using one conventional trocar
to create and maintain the pneumoperitoneum, while per-
forming smoke evacuation through the second conventional
trocar that is in fluid communication with a filter device. In
this mode, the device evacuates gas from the peritoneum
through a lumen connected to the suction line of a compres-
sor. The evacuated gas is filtered and returned to the insuffla-
tion line. A two lumen tube set is used for this mode of
operation, wherein one lumen is used for standard insufflation
and one lumen is used for smoke evacuation. In this mode, the
user can select the level of smoke evacuation (normal ~3 1/min
or high ~8 I/min) and selectively start and stop smoke evacu-
ation.

[0045] The third mode of operation can be considered a
conventional insufflation mode, which is conducted with a
single conventional trocar, using a standard insufflation tube
set that is adapted to interface with a standard 6 mm insuffla-
tion connector on the front face of the device housing. The
compressor and all other gas circuits related to the gas sealed
access device are shut off during this mode of operation. In
this mode, the user can selectively start and stop insufflation.
Three different flow rates can be selected by the user within a
range of 1 to 40 1/min, and the values of each level can be
changed by the user.

[0046] Referring now to the drawings, wherein like refer-
ence numerals identify similar structural features or aspects
of the subject invention, there is illustrated in FIG. 1 a pre-
ferred embodiment of a surgical gas delivery system for use
during laparoscopic surgical procedures which is designated
generally by reference numeral 10. The system 10 includes a
device housing 12 with carrying handles 14 on each side of
the housing. The front face of the housing 12 has a capacitive
or resistive touch screen 16 for presenting a graphical user
interface GUI and a power switch 18 for turning the device on
and off.

[0047] The front face of housing 12 further includes a filter
cartridge interface 20 with a rotatable latch mechanism 22
configured to facilitate the secure engagement of a disposable
filter cartridge 24 within the device housing 12. In addition,
the front face of housing 12 includes a standard 6 mm insuf-
flation connection 26. While not shown, the rear face of the
housing 12 includes a gas supply fitting for connection with a
source of compressed gas, a standard USB interface for ser-
vice purposes and a standard power connection.

[0048] The filter cartridge interface 20 is designed to rec-
ognize which type of filter 24 has been inserted into the
housing. For example, it may recognize the proper position or
orientation of the filter cartridge. It can also recognize if the
inserted filter is specifically designed for use in the first mode
of operation (i.e., the gaseous seal mode) or a filter specifi-
cally designed for use in the second mode of operation (i.e.,
insufflation and smoke evacuation mode).

[0049] Referring to FIG. 2, the filter cartridge 24 has a filter
housing 28 that includes a cover plate 30 having a manifold
connection 32 for receiving a fitting 34 associated with a
tri-lumen tube set 36 (see FIG. 1). The filter housing 28 is
dimensioned and configured to support a pair of filter ele-
ments 38a and 384, and it defines an interior reservoir or fluid
trap 40 for collecting bodily fluid that has been drawn into the
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system through the suction line of the tube set 36 during
smoke evacuation, for example.

[0050] As best seen in FIG. 3, a pair of triangular optical
prisms 42a, 425 formed integral with the filter housing 28 and
located within the reservoir 40 for sensing a level of liquid
within the reservoir 40. Preferably, the first or lower prism
42a defines a first set point level for the sensing system and
the second or upper prism 425 defines a second set point level
for the sensing system. More particularly, the first prism 42a
is positioned to detect a first liquid level within reservoir 40
and the second prism 4254 is positioned to detect a second
liquid level within reservoir 40.

[0051] Referring to FIG. 5, each optical prism 42a, 425 is
operatively associated with a fluid level sensor 44 that com-
prises an analog-output reflective sensor with an integrated
high efficiency infrared emitter 46 and a photodiode 48
housed in a small form factor SMD package (e.g., HSDL-
9100, manufactured by Avago Technologies, Ft. Collins,
Colo.). In operation, an infrared signal is generated by the
emitter 46 and directed into an optical prism 42a, 425. If, as
illustrated in FIG. 4, the prism 42a is not covered by liquid in
reservoir 40, it will return 100% of the emitted infrared signal
to the photodiode 48, as depicted schematically in FIG. 5.
[0052] Ifhowever, as illustrated in FIG. 6, the prism 42a is
covered by liquid in reservoir 40, a portion of the infrared
light delivered by the emitter 46 will be scattered into the
fluid, and the prism will return less than 100% of the emitted
infrared signal to the photodiode 48 (e.g., 50% of the signal),
as depicted schematically in FIG. 7. In this case, the controller
will provide a visual and/or audible warning to the user indi-
cating that the liquid level within the reservoir 40 has reached
the first set point level. This will ensure early user attention/
action and prevent contamination of the device housing 12.
As discussed in more detail below with respect to FIG. 10, the
controller or control unit is adapted and configured to shut
down a compressor associated with the suction line within the
device housing 12 when a liquid level within the reservoir 40
of'the filter housing 24 has reached the second set point level.
[0053] In sum, the liquid level sensors 42a, 425 will detect
two states, when the filter reservoir 40 is filled to about a first
level and when the filter reservoir 40 is filled to abouta second
level. When the filter reservoir 40 is filled to about the first
level, information is sent to the controller to show a warning.
When the reservoir 40 is full, to prevent the device housing 12
from contamination, the compressor will shut down immedi-
ately within 0.2 second. The controller also informed and it
will show a warning. The device 10 then switches to a stan-
dard insufflation mode of operation, without smoke evacua-
tion.

[0054] Referring now to FIGS. 8 and 9, the filter interface
20 of the device housing 12 further includes a pair of spring-
loaded blocking valves 50, 52, which are adapted and config-
ured to interact with the filter cartridge 24 when it is seated in
the filter interface 20. More particularly, these mechanical
blocking valves 50, 52 are closed, if no filter is connected. The
valves are opened when the filter cartridge 24 is seated in the
filter interface 20. Blocking valve 50 is associated with the
suction line used for smoke evacuation, while blocking valve
52 is associated with the pressure line used for effectuating a
gaseous seal in a unique gas sealed trocar.

[0055] Referring to FIG. 10, the gas delivery system 100 of
the subject invention includes two primary component blocks
110 and 112. The first component block 110 includes a power
supply 114, a High Pressure Unit (HPU) 116 designed to
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reduce incoming pressure from the gas supply to ~2.2 bar, and
a Low Pressure Unit (LPU) 118 that controls insufflation
output. It also contains access points for measuring abdomi-
nal pressure and it includes a mechanical relief valve. The
LPU includes a Flow Measurement Unit (FMU) 120 for
differential pressure measurement and an Insufflation Split
Unit (ISU) 122 that divides the insufflation path into two
outlines, namely Outlet Line Valves (OLV1 and OLV2), (see
FIG. 11).

[0056] A man machine interface (MMI) or single board
computer 124, which is based on a Windows CE operating
system, is responsible for controlling the graphical user inter-
face presented on the Touch Display 126, which is preferably
a 7" graphic display screen, as shown in FIG. 1. A Primary
Control Unit (PCU) 128 defined on a printed circuit board
controls the HPU, LPU, FMU and ISU of component block
110. In addition, the PCU observes both fluid level sensors
associated with the filter interface 20.

[0057] The second component block 112 includes a com-
pressor 130 responsible for pressure within the gas circuit of
the system. It can supply the gas sealed trocar with flow up to
55 V/min at 35 psi. The output of the pressure line is controlled
by a bypass valve (BPV). Component block 112 further
includes a Valve Actuation Unit (VAU-AS) 132 that contains
the different valves which control the flow of gas through the
system. More particularly, the VAU-AS controls the perfor-
mance the relief valve for an overpressure scenario (ORV)
and the high pressure gas fill valve (GFV) needed for the
self-test mode, among others. The self-test feature will be
discussed in more detail herein below. The VAU-AS also
provides an alternative outlet for the smoke evacuation func-
tion (SEV), and access points for pressure measurement. It
also cools down the gas in the pressure line.

[0058] With continuing reference to FIG. 10, the second
component block 112 further includes a Gas Composition
Unit (GCU) 134 that consists of an oxygen sensor and an Air
Seal Regulator (ASR) 136, which is a printed circuit board,
that essentially controls the valves of the VAU-AS and
enables/disables the compressor 130. It also measures pres-
sure in the gas circuit and analyzes the output of the GCU.
More particularly, the GCU 134 detects oxygen concentra-
tion in the gas circuit to ensure gas quality, as discussed in
more detail below.

[0059] More particularly, the ASR 136 measures pressure
in the pressure line and controls the relief valve associate
therewith. It measures the temperature of the device housing
12 and controls two cooling fans. It controls the relief valve in
an over pressure scenario and the gas fill valve GFV. It also
controls the air ventilation valve AVV (see FIG. 11), which is
needed for the smoke evacuation mode and it communicates
with the PCU/MMI. The VAU-AS also control the status of
the filling level indicator in the filter 24, recognizes the type of
installed filter and the correct locked position of the filter 24
in the filter interface 20 of device housing 12.

[0060] During a laparoscopic surgical procedure, the gas
concentration in the abdominal cavity should be maintained
at a predetermined level. This level can change during a
procedure for two reasons: a) leakages from the abdominal
cavity can cause air to be drawn into the abdominal cavity
through the trocar; and b) leakages in the suction line of the
compressor can cause air to be returned to the trocar.

[0061] Ithas been determined that the gas quality in the gas
circuit of the gas delivery system 100, which is depicted in
FIG. 13, correlates directly with the gas quality within the
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abdominal cavity of the patient. For example, it has been
shown that a certain defined sensor value of oxygen in the gas
circuit, as determined by GCU 134, results in a corresponding
abdominal CO, concentration. The ASR 136 is adapted and
configured to maintain gas concentration in the abdominal
cavity within a predetermined range. The ASR 136 is adapted
and configured to increase insufflation flow rate to the
abdominal cavity if the gas concentration in the abdominal
cavity falls below a predetermined level, as a result of leak-
age. The flow rate will nothowever, be lower than the selected
smoke evacuation level. If the system is not able to recover
gas quality on the abdominal cavity by increasing insufflation
flow rate a message will be displayed and an audible alarm
will be sounded.

[0062] With continuing reference to FIG. 10 and in con-
junction with FIG. 11, the gas delivery system 100 is adapted
and configured to perform a self-test prior to a surgical pro-
cedure. For the self-test, two prerequisites are necessary. The
gas supply must be connected to the device, and there can be
no filter cartridge attached to the filter interface. If the filter is
attached or the gas supply is empty the device will show an
error message. In the self-test mode, the blocking valves 50,
52 for the pressure line and the suction line are closed. At this
time, the BPV is open, the ORV is open and the GPV is open
until pressure is not rising in the circuit. The device 100 will
test for leakage in the system, compressor function, all valve
functions, the pressure sensors the Low Pressure Safety Valve
(LSV), the GCU and the FMU. If the self-test succeeds, the
device starts up in normal mode. Otherwise a corresponding
error message is shown on the user interface screen.

[0063] Inthe standard insufflation mode of operation, there
is no filter in use. Thus, the blocking valves 50, 52 for the
suction and pressure lines are both closed. Also closed are the
GFV, BPV and SEV valves. The ORV is open and the OLV2
is closed. Depending upon the insufflation situation, the
OLV1 may be open or closed.

[0064] Referring to FIG. 11, in the gaseous seal mode, the
OLV1 is closed. The blocking valves 50, 52 for the suction
line and pressure line are both open. The SEV, BPV and GRV
valve are all closed. The BPV controls output and the OLV2
is open or closed depending upon the insufflation situation.
The ASR will detect that a gas sealed trocar device is con-
nected to the system. If the ASR detects a gas sealed trocar
device, the time between measurement tasks is minimized to
get faster information about abdominal pressure from the
PCU. If the actual pressure is lower than the set pressure, the
ASR will close the proportional bypass valve BPV. To reduce
pressure in the abdomen the BPV is opened.

[0065] Referring to FIG. 12, in the insufflation and smoke
evacuation mode, where two standard/conventional trocars
are utilized with a unique two lumen tube set, the outlet line
valve (OLV1) is closed. The compressor 130 is turned on and
the blocking valve 50 of the suction line is open. In the
insufflation and smoke evacuation mode, the filter 24 is seated
in the filter interface 20. Accordingly, the blocking valves 50,
52 are both open. However, the blocking valve 52 associated
with the pressure line remains blocked internally by the filter
24 itself. In this mode, the GPV, BPV and ORYV are all open.
The OLV2 is open or closed depending upon the insufflation
situation. The power of smoke evacuation can be adjusted by
the BPV. The SEV is open during insufflation and closed
during a measurement task.

[0066] Itis also envisioned and well within the scope of the
subject disclosure that in the insufflation and smoke evacua-
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tion mode shown in FIG. 11, the ORV can be open rather than
closed as shown. Consequently, no recirculation would occur.
In such a configuration, one of the trocars would be used for
smoke evacuation and removal, while the other trocar would
only be used to provide CO, to the abdominal cavity and
would not be connected to the pressure line of the pump.
[0067] While the subject invention has been shown and
described with reference to preferred embodiments, those
skilled in the art will readily appreciate that various changes
and/or modifications may be made thereto without departing
from the spirit and scope of the subject invention as defined by
the appended claims.

What is claimed is:

1. A surgical gas delivery system comprising:

a device housing supporting a computer-controlled control
unit and a filter interface having a seat for receiving a
filter cartridge, the filter cartridge having a filter housing
defining an interior reservoir, wherein means are
coupled to the control unit for sensing a level of liquid
within the reservoir of the filter cartridge to prevent fluid
contamination of the device housing.

2. A surgical gas delivery system as recited in claim 1,
wherein the means for sensing a level of liquid within the
reservoir includes a first sensor adapted and configured to
detect a first liquid level within the reservoir and a second
sensor adapted and configured to detect a second liquid level
within the reservoir.

3. A surgical gas delivery system as recited in claim 2,
wherein each sensor is a reflective sensor with an integrated
infrared emitter and photodiode.

4. A surgical gas delivery system as recited in claim 1,
further comprising a filter cartridge including a pair of optical
prisms formed integral with the housing and located within
the reservoir for sensing a level of liquid within the reservoir,
wherein the pair of prisms includes a first prism defining a
first set point level and a second prism defining a second set
point level.

5. A surgical gas delivery system as recited in claim 4,
wherein an outer surface of the filter housing located proxi-
mate the location of the prisms is in optical communication
with the means for sensing a level of liquid within the reser-
voir when the filter is seated within the filter interface.

6. A surgical gas delivery system as recited in claim 5,
wherein the control unit is adapted and configured to provide
a warning indicating that a liquid level within the reservoir
has reached the first set point level.

7. A surgical gas delivery system as recited in claim 5,
wherein the control unit is adapted and configured to shut
down a compressor within the device housing when a liquid
level within the reservoir has reached the second set point
level.

8. A surgical gas delivery system as recited in claim 1,
wherein the device housing includes a normally closed
spring-loaded blocking valve for blocking a suction line when
a filter cartridge is not seated within the filter interface.

9. A surgical gas delivery system as recited in claim 1,
wherein the device housing includes a normally closed
spring-loaded blocking valve for blocking a pressure line
when a filter cartridge is not seated within the filter interface.

10. A surgical gas delivery device comprising:

a device housing supporting a computer-controlled control
unit and a filter interface having a seat for receiving a
filter cartridge, the filter interface having a first blocking
valve for interacting with a suction line in the device
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housing and a second blocking valve for interacting with
a pressure line in the device housing.

11. A surgical gas delivery device as recited in claim 10,
wherein the device is adapted and configured to perform a
self-test prior to a surgical procedure, to determine if there is
a filter cartridge attached to the filter interface.

12. A surgical gas delivery device as recited in claim 11,
wherein the blocking valves are closed during the self-test.

13. A surgical gas delivery device as recited in claim 10,
wherein the device has a first mode of operation in which the
blocking valves for the suction and pressure lines are closed.

14. A surgical gas delivery device as recited in claim 10,
wherein the device has a second mode of operation in which
the blocking valves for the suction line and pressure line are
both open.

15. A surgical gas delivery device as recited in claim 10,
wherein the device has a third mode of operation in which the
suction line and pressure line are both open, but the pressure
line is internally blocked by the filter.

16. A surgical gas delivery device comprising:

adevice housing supporting a computer-controlled control

unit and a filter interface having a seat for receiving a
filter cartridge connected to a multi-lumen tube set asso-
ciated with at least one trocar device, the control unit
being adapted to detect a characteristic of the filter car-
tridge received in the filter interface of the surgical gas
delivery device.

17. A surgical gas delivery device as recited in claim 16,
wherein the control unit being adapted to detect at least one of
a physical or operational characteristic of the filter cartridge
received in the filter interface.
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18. A surgical gas delivery device as recited in claim 16,
wherein the control unit is adapted to detect whether the filter
cartridge is configured for use in amode of operation in which
a gas sealed trocar device is connected to the filter cartridge.

19. A surgical gas delivery device as recited in claim 16,
wherein the control unit is adapted to detect whether the filter
cartridge is configured for use in a second mode of operation
in which two mechanically sealed trocar devices are con-
nected to the filter cartridge.

20. A surgical gas delivery device as recited in claim 16,
wherein the control unit is adapted to detect the orientation of
the filter cartridge within filter interface.

21. A surgical gas delivery device comprising:

a device housing communicating with the abdominal cav-
ity of a patient through a gas circuit, the device housing
supporting a computer-controlled control unit having a
gas sensor for monitoring gas quality in the gas circuit,
wherein the gas quality in the gas circuit is in direct
correlation to gas quality within the abdominal cavity.

22. A surgical gas delivery device as recited in claim 21,
wherein the gas sensor is adapted and configured to detect a
gas concentration in the gas circuit.

23. A surgical gas delivery device as recited in claim 21,
wherein the control unit is adapted and configured to maintain
gas concentration in the abdominal cavity within a predeter-
mined range.

24. A surgical gas delivery device as recited in claim 22,
wherein the control unit is adapted and configured to increase
insufflation flow rate to the abdominal cavity if the gas con-
centration in the abdominal cavity falls below a predeter-
mined level.



