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(57) ABSTRACT

A system for insufflation and recirculation of insufflation
fluid in a surgical procedure. The system includes a control
unit having a fluid pump, a supply conduit, a return fluid
conduit and a pressure-controlled valve. The fluid pump is
adapted and configured to circulate insufflation fluid through
the system. The supply conduit is in fluid communication
with an output of the fluid pump and configured and adapted
for delivering pressurized insufflation fluid to an output port
of the control unit. The return conduit is in fluid communica-
tion with an input of the fluid pump for delivering insufflation
fluid to the fluid pump and is configured and adapted for
returning insufflation fluid from an input port of the control
unit. The pressure-controlled is in fluid communication with
the supply conduit and the return conduit, and is adapted and

Int. CL. configured to receive a control signal and respond to the
A61B 17/34 (2006.01) control signal by opening, thereby fluidly connecting the
A6IM 13/00 (2006.01) supply conduit and the return conduit with one another.
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SYSTEM FOR SURGICAL INSUFFLATION
AND GAS RECIRCULATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
PCT application PCT/US07/88017 filed Dec. 18, 2007,
which claims priority to U.S. Provisional Application No.
60/875,436 filed Dec. 18,2006, U.S. Provisional Application
No. 60/923,917 filed Apr. 17, 2007, and U.S. Provisional
Application No. 60/959,826 filed Jul. 16, 2007. Each of the
foregoing applications is hereby incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present application relates to systems and
devices for surgical access, and is particularly directed
devices adapted and configured to create a fluidic seal, and to
systems for supplying pressurized fluid to such devices,
which are also capable of recirculating such pressurized fluid.
Surgical access devices configured for creating a fluidic seal
for surgical access are set forth in the following applications,
which are incorporated herein by reference in their entirety:
U.S. patent application Ser. No. 11/517,929, filed Sep. 8,
2006, U.S. patent application Ser. No. 10/776,923, filed Feb.
11, 2004, U.S. patent application Ser. No. 10/739,872, filed
Dec. 18, 2003, U.S. patent application Ser. No. 10/441,149,
filed May 17,2003, and U.S. Provisional Application Ser. No.
60/461,149, filed Apr. 8, 2003.

[0004] 2. Description of Related Art

[0005] Laparoscopic, or “minimally invasive” surgical
techniques are becoming increasingly more common. Ben-
efits of such procedures include reduced trauma to the patient,
reduced opportunity for infection, and decreased recovery
time. Such procedures within the abdominal cavity are typi-
cally performed through a device known as a trocar or can-
nula, which facilitates the introduction of laparoscopic instru-
ments 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 trocar equipped to deliver insufflation fluid, or
by a separate insufflation device, such as an insufflation
needle. Introduction of surgical instruments into the pneumo-
peritoneum without a substantial loss of insufflation gas is
desirable, in order to maintain the pneumoperitoneum.
[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 trocar devices themselves, typically using a separate
inserter or obturator placed therein. Following insertion, the
inserter is removed, and the trocar allows access for instru-
ments to be inserted into the abdominal cavity. Typical trocars
often provide means to insufflate the abdominal cavity, 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, occluding instruments, cauterizing

Nov. 13,2014

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.
However, sealing in this manner is not usually complete, such
seals cannot seal between multiple instruments, and such
seals also inhibit free movement of the surgical instruments
and/or removal of tissue through the trocar. Such seals are
also vulnerable to damage during the surgical procedure.
Alternatively, a flapper valve or spring-loaded trap door can
be used. However, these types of mechanical valves suffer
from similar drawbacks.

[0009] Most valves, and particularly duckbill-type valves,
which include resilient valve members that directly contact
surgical instruments, not only interfere with the movement of
surgical instruments, but reduce the ability of a surgeon to
accurately sense the patient anatomy on which the surgeon is
operating. Minimally invasive surgical procedures are carried
out with a visualization aid such as a camera, and as a result,
depth perception on the part of the surgeon is inhibited. More-
over, when the endoscope passes through mechanical seals,
lenses thereof can be dirtied, typically with smears appearing,
resulting in further vision difficulty. The absence of mechani-
cal seals also allows swabs and specimens to be extracted
without excessive interference. Additionally, the ability to
physically sense resistance of structures and of tissues
through movement of the surgical instruments plays an
important role in a successful and safe surgical procedure.
Frictional forces imparted on surgical instruments by contact
of the aforementioned mechanical valves can mask the sen-
sory signals, i.e., the haptic perception, that the surgeon might
otherwise use to determine precisely what is occurring at the
opposite end of the surgical instruments being used. Accord-
ingly, improvements to sealing technologies that allow unen-
cumbered access while maintaining a pneumoperitoneum,
are desired. The present invention provides a solution for
these problems.

SUMMARY OF THE INVENTION

[0010] Thepurpose and advantages ofthe present invention
will be set forth in and apparent from the description that
follows. Additional advantages of the invention will be real-
ized and attained by the devices, systems and methods par-
ticularly pointed out in the written description and claims
hereof, as well as from the appended drawings.

[0011] To achieve these and other advantages and in accor-
dance with the purpose of the invention, as embodied, the
invention includes, in one embodiment, a system for insuf-
flation and recirculation of insufflation fluid. The system
includes a control unit having a fluid pump, a supply conduit,
a return fluid conduit and a pressure-controlled valve. The
fluid pump is adapted and configured to circulate insufflation
fluid through the system. The supply conduit is in fluid com-
munication with an output of the fluid pump and configured
and adapted for delivering pressurized insufflation fluid to an
output port of the control unit. The return conduit is in fluid
communication with an input of the fluid pump for delivering
insufflation fluid to the fluid pump and is configured and
adapted for returning insufflation fluid from an input port of
the control unit. The pressure-controlled valve is in fluid
communication with the supply conduit and the return con-
duit, and is adapted and configured to receive a control signal
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and respond to the control signal by opening, thereby fluidly
connecting the supply conduit and the return conduit with one
another.

[0012] In absence of a control signal, the pressure-con-
trolled valve can be configured to remainina closed state. The
pressure-controlled valve can be additionally in fluid com-
munication with a pressure sensing conduit, and adapted and
configured for communicating a pressure value at a distal end
thereof to the pressure-controlled valve. The pressure-con-
trolled valve can be a mechanical diaphragm valve, with the
pressure sensing conduit in fluid communication with a pres-
sure sensing chamber of the pressure-controlled valve. Alter-
natively, pressure sensing can be accomplished by way of an
electronic pressure transducer electrically coupled to an elec-
tromechanical valve.

[0013] The system can further include a trocar having an
elongated body defining a lumen therein, a nozzle operatively
associated with the body for directing pressurized fluid into
the lumen, and a fluid return plenum adapted and configured
to collect spent insufflation fluid. A nozzle supply port is in
fluid communication with the nozzle, for delivering a pres-
surized flow of insufflation fluid to the nozzle, and adapted
and configured to receive pressurized insufflation fluid from
an output port of the control unit. A fluid return port is in fluid
communication with the fluid return plenum, and is adapted
and configured for returning insufflation fluid from the trocar
to an input port of the control unit. The trocar can further
include a pressure sensing chamber adapted and configured to
be in fluid communication with a patient’s abdominal cavity
and with the pressure-controlled valve of the control unit.
[0014] Systems in accordance with the invention can fur-
ther include a connection kit having a plurality of connecting
conduits, one or more filters, and one or more connectors. The
plurality of connecting conduits are adapted and configured
to connect the nozzle supply port of the trocar to the output
port of the control unit, to connect the fluid return port of the
trocar to the input port of the control unit, and to connect the
pressure sensing chamber of the trocar to the pressure-con-
trolled valve of the control unit. The filter element is provided
in fluid communication with at least one of the connecting
conduits. The one or more connectors are disposed at each
end of the connecting conduits, and are configured and
adapted to mutually engage the connection kit with the trocar
at one end, and with the control unit at its opposite end.
[0015] The system can include a surgical insufflator
adapted and configured to receive, through an input port
thereof, a supply of insufflation gas from a source, an output
port of the insufflator being in fluid communication with a
pressure sensor for operating the pressure-controlled valve
and with a patient’s abdominal cavity, the insufflator being
adapted and configured to sense pressure within the abdomi-
nal cavity and to provide insufflation fluid thereto.

[0016] The control unit can include the surgical insufflator
incorporated into a single housing. Moreover, systems in
accordance with the invention can further include first and
second trocars. The first trocar can include an elongated body
defining a lumen therein, a nozzle operatively associated with
the body for directing pressurized fluid into the lumen to form
a fluid seal thereacross, a fluid return plenum adapted and
configured to collect spent insufflation fluid, a nozzle supply
port in fluid communication with the nozzle, for delivering a
pressurized flow of insufflation fluid to the nozzle, adapted
and configured to receive pressurized insufflation fluid from
an output port of the control unit, and a fluid return port in

Nov. 13,2014

fluid communication with the fluid return plenum, adapted
and configured for returning insufflation fluid from the trocar
to an input port of the control unit. The second trocar can be
in fluid communication with a surgical insufflator adapted
and configured to receive, through an input port thereof, a
supply of insufflation gas from a source, the insufflator being
adapted and configured to sense pressure within an abdomi-
nal cavity and to deliver pressurized insufflation fluid thereto
through the second trocar. The second trocar can be used as a
primary trocar for insufflation of the abdomen prior to acti-
vation of the first trocar, or vice versa, as desired.

[0017] Inaccordance with the invention, the insufflator and
the pressure-controlled valve can each be independently in
fluid communication with a patient’s abdominal cavity, and
each are adapted and configured to sense abdominal pressure
therein.

[0018] In accordance with a further aspect of the invention
atrocar for use in a minimally-invasive surgical procedure is
provided. The trocar includes an elongated body, a fluid sup-
ply plenum, a supply port, anozzle and a fluid return port. The
body defines a lumen therein, the proximal end portion of the
body defining a housing, and a fluid supply plenum is defined
in the housing. The supply port is in fluid communication
with the fluid supply plenum, and is adapted and configured to
receive pressurized insufflation fluid from a recirculation
device and to deliver the pressurized insufflation fluid to the
fluid supply plenum. The nozzle is in fluid communication
with the fluid supply plenum and the lumen, and is configured
and adapted for directing pressurized fluid into the lumen.
The fluid return plenum is defined in the housing and arranged
distal the fluid supply plenum. The fluid return plenum is
adapted and configured to collect spent insufflation fluid. The
fluid return port is in fluid communication with the fluid
return plenum, and is adapted and configured for returning
insufflation fluid from the trocar to a recirculation device.
[0019] The trocar can further include sound attenuation
elements arranged in the fluid return plenum. The sound
attenuation elements can be selected from the group consist-
ing essentially of baffles and sound-absorbing material, such
as foam, for example. The trocar can further include sound
attenuation elements arranged in a proximal sound attenua-
tion chamber arranged proximal to the fluid supply plenum.
[0020] In accordance with the invention, the fluid return
plenum can be defined between a distal end of the housing and
a first substantially annular insert placed in the housing, and
the fluid supply plenum can be defined between the annular
insert and a second substantially annular insert. The second
substantially annular insert can have a substantially tubular
member extending distally therefrom, with the nozzle being
defined between the substantially tubular member and an
central portion of the first substantially annular insert.
[0021] The trocar can further include a pressure sensing
chamber adapted and configured to be placed in fluid com-
munication with a patient’s abdominal cavity. The pressure
sensing chamber can be in fluid communication with a pres-
sure sensing port defined on the trocar, for connecting to a
pressure sensing element, such as a diaphragm or electronic
pressure transducer, for example.

[0022] In accordance with another embodiment of the
invention, a trocar for use in a minimally-invasive surgical
procedure includes an elongated body and first, second, third
and fourth inserts. The proximal end portion of the body
defines a housing. The first insert has a substantially tubular
configuration extending through the body and defining a pres-
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sure sensing chamber therebetween. The pressure sensing
chamber is adapted and configured to be placed in fluid com-
munication with a patient’s abdominal cavity. The second
insert is arranged in the housing proximal the first insert, and
has a substantially annular configuration and a plurality of
apertures defined therein for allowing passage of spent insuf-
flation fluid to pass therethrough. The third insert is arranged
in the housing proximal the second insert, and has a substan-
tially annular configuration. The housing, first, second and
third inserts define respective walls of a fluid return plenum,
which is adapted and configured to collect spent insufflation
fluid. The fourth insert is arranged in the housing proximal the
third insert, and has a substantially annular configuration and
substantially tubular member extending distally therefrom. A
nozzle defined between the substantially tubular member and
a central portion of the third insert. The housing and third and
fourth inserts define a fluid supply plenum in fluid commu-
nication with the nozzle.

[0023] The trocar can further include sound attenuation
elements arranged in a proximal sound attenuation chamber
arranged proximal to the fluid supply plenum. The first insert
can include at least one aperture defined in the sidewall
thereof to attenuate a sound created by airflow through the
first insert.

[0024] In accordance with still another embodiment of the
invention, a trocar for use in a minimally-invasive surgical
procedure is provided. The trocar has an elongated body, a
fluid return plenum, and a fluid supply plenum. The body has
a lumen extending therethrough, with the proximal end por-
tion of the body defining a housing. The fluid return plenum
is defined in the housing and is adapted and configured to
collect spent insufflation fluid. The fluid supply plenum is
defined in the housing and arranged proximal the fluid return
plenum. The fluid supply plenum is adapted and configured to
deliver pressurized insufflation fluid to a nozzle in fluid com-
munication therewith. The nozzle is configured and adapted
for directing pressurized fluid into the lumen.

[0025] In accordance with this embodiment or other
embodiments set forth herein, the trocar can further include a
pressure sensing chamber defined in a distal end portion of the
housing, distal the fluid return plenum, adapted and config-
ured to be placed in fluid communication with a patient’s
abdominal cavity.

[0026] In accordance with still another embodiment of the
invention, a trocar for use in a minimally-invasive surgical
procedure is provided having an elongated body, a pressure
sensing chamber, a safety valve and a fluid supply plenum.
The elongated body has a lumen extending therethrough, and
the proximal end portion of the body defines a housing. The
pressure sensing chamber is defined in a distal end portion of
the housing, and is adapted and configured to be placed in
fluid communication with a patient’s abdominal cavity. The
safety valve is arranged in the housing, is in fluid communi-
cation with the pressure sensing chamber and configured and
is adapted to relieve pressure from within a patient’s abdomi-
nal cavity in a case of abdominal pressure exceeding a pre-
determined limit. The fluid supply plenum is defined in the
housing, arranged proximal the fluid return plenum, and is
adapted and configured to deliver pressurized insufflation
fluid to anozzle in fluid communication therewith. The nozzle
is configured and adapted for directing pressurized fluid into
the lumen.

[0027] Ifdesired, apressure relief valve in direct fluid com-
munication to the outside of the trocar, and the surrounding
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environment, can also be in communication with the return
plenum. Such a pressure relief valve prevents outside air from
being sucked into the plenum but allows overpressure fluid to
escape, harmlessly.

[0028] In accordance with the invention, a method of seal-
ing a pressurized cavity of a patient for a surgical procedure is
provided. The method includes the steps of providing a trocar
for use in a minimally invasive surgical procedure, supplying
a flow of pressurized fluid to the fluid supply plenum, recov-
ering a flow of spent insufflation fluid from the fluid return
plenum, recycling at least a portion of the spent insufflation
fluid received from the return plenum to the fluid supply
plenum, inserting a surgical instrument through the lumen of
the trocar, whereby the pressurized fluid supplied to the fluid
supply plenum forms a seal around the surgical instrument,
thereby preventing loss of pressure within the cavity of the
patient. In accordance with this method, the trocar includes an
elongated body, a fluid return plenum and a fluid supply
plenum. The elongated body has a lumen extending there-
through, and the proximal end portion of the body defines a
housing. The fluid return plenum is defined in the housing,
and is adapted and configured to collect spent insufflation
fluid. The fluid supply plenum is defined in the housing, is
arranged proximal the fluid return plenum, and is adapted and
configured to deliver pressurized insufflation fluid to a nozzle
in fluid communication therewith. The nozzle is configured
and adapted for directing pressurized fluid into the lumen.
The method can further include the step of filtering the insuf-
flation gas during the step of recycling. Additionally, the step
of inserting a second surgical instrument through the lumen of
the trocar, whereby the pressurized fluid supplied to the trocar
seals around and between the first and second surgical instru-
ments, preventing loss of pressure within the cavity of the
patient can be included.

[0029] It is noted that although the term “trocar” is used
herein, the term is intended to mean a surgical access device,
that allows insertion of surgical instruments, a surgeon’s hand
or the like, into a surgical cavity, while maintaining insuffla-
tion pressure.

[0030] It is to be understood that any feature described in
connection with any particular embodiment set forth herein
can advantageously be applied to other embodiments set forth
herein, or indeed, to variations of embodiments not specifi-
cally set forth herein, and still be in keeping with the spirit of
the present invention. It is also to be understood that both the
foregoing general description and the following detailed
description are exemplary and are intended to provide further
explanation of the invention claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] So that those having ordinary skill in the art to which
the subject invention pertains will more readily understand
how to make and use the devices and systems of the subject
invention, preferred embodiments thereof will be described
in detail hereinbelow, with reference to the drawings,
wherein:

[0032] FIG. 1isanisometric view of a trocar in accordance
with one embodiment of the present invention,;

[0033] FIG. 2is a cross-sectional view of the trocar of FIG.
1

[0034] FIG. 3 is an enlarged view of the respective portion
of F1G. 2, illustrating the nozzle in detail,

[0035] FIG. 41s a cross-sectional view of a trocar in accor-
dance with a further embodiment the present invention;
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[0036] FIG.5is across-sectional view of the trocar of FIG.
4 with an obturator inserted therethrough;

[0037] FIG. 6is a cross-sectional view of a trocar in accor-
dance with still a further embodiment the present invention;
[0038] FIG.7is a cross-sectional view of the trocar of FIG.
6, rotated about its longitudinal axis;

[0039] FIG. 8A is a cross-sectional view of a trocar in
accordance with still another embodiment the present inven-
tion having proximal and distal sound attenuation chambers
in the housing thereof;

[0040] FIG. 8B is a cross-sectional view of a trocar in
accordance with still another embodiment the present inven-
tion having proximal and distal sound attenuation chambers
in the housing thereof, and a proximal adapter portion for
engaging a removable cap;

[0041] FIG. 9A is a cross-sectional view of a trocar in
accordance with a further embodiment the present invention,
having a proximal ball valve and a proximally arranged fluid
collection chamber;

[0042] FIG. 9B is an enlarged partial cross-sectional view
of the trocar of FIG. 9A, illustrating detail in the proximal end
portion thereof;

[0043] FIG. 10 is a cross-sectional view of a further trocar
in accordance with the present invention, having a proximal
fluid collection chamber;

[0044] FIG.11 is across-sectional view of a trocar in accor-
dance with a further embodiment the present invention, hav-
ing a safety valve incorporated therewith and a removable
proximal cap;

[0045] FIG. 12 is an enlarged partial cross-sectional view
of the trocar of FIG. 11, illustrating detail in the proximal end
portion thereof;

[0046] FIG. 13 is a cross-sectional view of the cap of the
embodiment of FIGS. 11 and 12;

[0047] FIG. 14 is an isometric view of one embodiment of
an insufflation and circulation system in accordance with the
invention;

[0048] FIG. 15A is an example schematic representation of
the main components included within the system of FIG. 14;
[0049] FIG. 15B is an alternate embodiment of the system
of FIGS. 14 and 15A, including an integral pressure dumping
valve;

[0050] FIG. 16 is an alternate embodiment of the system of
FIGS. 14 and 15, wherein main components of the system are
housed in a single unit;

[0051] FIG. 17 is an isometric view of a second embodi-
ment of an insufflation and circulation system in accordance
with the invention;

[0052] FIG. 18 is an example schematic representation of
the main components included within the system of FIG. 17,
[0053] FIG. 19 1s an isometric view of an alternate configu-
ration of an insufflation and recirculation system in accor-
dance with the invention;

[0054] FIG. 20 is an isometric front view of a filter housing
in accordance with the invention;

[0055] FIG. 21 isanisometric side view of the filter element
of FIG. 20,
[0056] FIG. 22 is another isometric side view of the filter

element of FIG. 20;

[0057] FIG. 23 is an isometric view of a connection
between a tube set and a trocar, in accordance with the inven-
tion,;

[0058] FIG. 24 is an isometric view of a tube end connector
in accordance with the invention;
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[0059] FIG. 25 is a cross-sectional view of a further
embodiment of a trocar in accordance with the invention
connected with a tube set;

[0060] FIG. 26 is an alternate embodiment of an insuffla-
tion and recirculation system in accordance with the inven-
tion, having a back pressure control valve; and

[0061] FIG. 27 is a further alternate embodiment of an
insufflation and recirculation system in accordance with the
invention, having a back pressure control valve, a pressure
sensor and a pressure dump valve.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0062] The devices, systems and methods presented herein
may be used for creating and maintaining a surgical pathway
through the abdominal wall of a patient undergoing mini-
mally invasive surgery. The present invention is particularly
suited for minimally invasive surgeries performed under
insufflation, such as laparoscopic removal of a gall bladder.
[0063] Forthe purposes of explanation and illustration, and
not limitation, referring now to the drawings, wherein like
reference numerals identify similar structural aspects of the
subject trocars and systems therefore, a first exemplary
embodiment of a trocar in accordance with the invention is
shown in FIGS. 1-3, and is designated generally by reference
character 100. Other embodiments of trocars in accordance
with the invention, related systems or aspects thereof, are
provided in subsequent figures, which are described in detail
below.

[0064] FIG. 1 is a side view, and FIG. 2 is cross-sectional
view of atrocar 100 constructed in accordance with the inven-
tion. The trocar includes a central lumen 107, which is defined
by various elements, and which extends longitudinally,
through the center of the trocar 100. The trocar 100 includes
abody 110, including a housing 115 defined in the proximal
end portion thereof. A connection block 117 extends from the
housing 115 and facilitates connection between the trocar 100
and fluid conduits connected thereto, as best shown in FIG. 2.
[0065] Defined within the housing 115 are a pressure sens-
ing chamber 111 including a pressure sensing plenum 1114,
which is in fluid communication with a pressure sensing
channel 11 Ib. The pressure sensing chamber 111 is defined
between the body 110 and a body insert 120, including a
substantially tubular portion 12056 and a substantially annular
portion 120a. This arrangement of the pressure sensing cham-
ber allows the remainder of the system, described hereinbe-
low, to be in fluid communication with the abdominal cavity,
so that the abdominal pressure can be monitored and con-
trolled. As shown in FIG. 2, a pressure sensing conduit 212 is
in fluid communication with the pressure sensing chamber
111, which in-turn connects with a control unit of the system,
described in more detail hereinbelow. Further, apertures 125
can be formed in the wall of the tubular portion 1205 of the
body insert 120. These apertures 125 can be arranged so as to
alter the acoustic properties of the tubular portion 1205, by
reducing the effective length of the tubular portion 1205,
Accordingly, the wavelength of sound produced by fluid pass-
ing through the lumen 107 can be adjusted so that it is more
easily canceled out by other sound attenuation elements, such
as those housed within the cap 160.

[0066] The annular portion 120a of the body insert 120
separates the pressure sensing chamber 111 and a fluid return
plenum 121. The fluid return plenum is further defined by the
housing 115 on its outer periphery, a second diffuser insert
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130 on its inner periphery, and an annular insert 140 having a
substantially annular configuration. The second diffuser
insert 130 serves in-part, to maintain spacing between the
body insert 120 and the annular insert 140. The fluid return
plenum 121 allows for collection of spent insufflation fluid—
fluid moving proximally, returning from within the lumen of
the tubular portion 1205 of the body insert 120. Apertures
defined in the second insert promote even evacuation of fluid
from about the circumference of the lumen 107 in the region
ofthe fluid return plenum 121. Fluid is removed from the fluid
return plenum 121 through a fluid return conduit 222 and can
be recirculated, such as through the systems embodied in
FIGS. 14-18.

[0067] The fourth insert 150 includes a substantially annu-
lar portion 1504 and a substantially tubular portion 1505. One
or more standoffs 154 can be provided on the fourth insert 15,
or alternatively the annular insert 140, to maintain spacing of
the fluid supply plenum 141 defined therebetween. Addition-
ally, a nozzle 155 is defined between the annular insert 140
and a fourth insert 150. The precise geometry of the annular
insert 140 and fourth insert 150, and the spacing therebetween
allow for a continuous stream of fluid which serves to effec-
tively seal the lumen 107, and inhibit escape of insufflation
fluid. The lower outer circumferential edge 159 of the tubular
portion 1504 of the fourth insert 150 is angled inward, which
directs the continuous stream of fluid centrally. The fluid
follows the contour of this surface 159, and is thus directed
centrally, at least in part due to the Coanda effect. Fluid is
supplied to the fluid supply plenum 141 through a fluid supply
conduit 242. Preferably, the fluid return conduit 222 is larger
in diameter than the fluid supply conduit 242, as returning
fluid is depressurized and therefore occupies an increased
volume. To maintain equivalent mass flow rates for supplied
and returned fluid, the diameter of the fluid return conduit 222
should have a larger diameter. pressurized insufflation fluid
can be supplied to the trocar 1000 through systems such as
those embodied in FIGS. 14-18.

[0068] Additionally, any of the inserts can be sealed to the
housing 115 to create fluid-tight seals therebetween. In the
illustrated embodiment, grooves 152 are provided between
the body insert 120, annular insert 140 and fourth insert 150
and the housing 115, respectively. In these grooves, a sealing
element, such as an O-ring can be placed.

[0069] A cap 160 is provided at the proximal end of the
trocar 100. As illustrated in FIG. 1, the cap 160 can be affixed
to the housing 115 by way of a snap fit arrangement. In this
case, protrusions on the cap 160 each engage a pawl 119 on
the housing 115. Naturally, any other suitable connection can
be used, including but not limited to friction fit, a latch,
adhesive, solvent welding, ultrasonic welding, heat welding
and mechanical fasteners such as a hook-and loop fastener.
Accordingly, the cap 160 can be permanently installed or can
be removable from the remainder of the trocar 100. Further, as
illustrated, the cap 160 can extend past the joint between the
fourth insert 150 and the housing 115, effectively preventing
proximal movement of any insert held within the housing
115.

[0070] The cavity 161 defined by the cap 160, with the
exclusion of the volume necessary in the lumen 107 for pas-
sage of surgical implements, can include sound absorbing
material and/or bafles to reduce noise emitted from the trocar
100. In combination with the apertures 125 formed in the
body insert 120, sound emitted can be reduced significantly
by mutually tuning these sound attenuating features.
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[0071] FIGS. 4 and 5 illustrate a second embodiment of a
trocar 400 constructed in accordance with the invention, with
FIG. 5 illustrating the trocar 400 having an obturator 599
inserted therein. Distinguishing of this embodiment, as com-
pared with the embodiment of FIGS. 1-3, is the fluid return
plenum 421. Instead of providing an annular insert having a
plurality of apertures formed therein, a plurality of baffles 425
are provided, which act as a standoff to maintain spacing
within the housing 415 of the trocar 400, and can be adapted
to enhance noise reduction by absorbing sound. Additionally,
sound absorbing material can be laced in the fluid return
plenum 421 to further enhance noise reduction.

[0072] As with the embodiment of FIGS. 1-3, the embodi-
ment of FIGS. 4 and 5 includes a body insert 420 inserted into
the body 410. The baffles 425 are integrally formed with an
insert, such as the body insert 420 or annular insert 440, but
alternatively can be formed independently and separately
inserted in the housing 415. The annular insert 440, in con-
junction with a nozzle insert 450, together define the nozzle
455 and define the fluid supply plenum 441. Similarly, the
fluid return plenum 421 is defined on the distal side of the
annular insert 440, and is in fluid communication with a fluid
return port 427. Further, a cap 460 can be provided at the
proximal end portion of the trocar 400, and can include sound
attenuation materials therein.

[0073] As shown in FIG. 5, the obturator 599 has been
designed for the recirculation system and devices disclosed
herein. The obturator has O-rings 501 proximal and distal to
the jets that fit tightly into the cannula. With the obturator 599
installed the O-rings 501 maintain a seal against gas escaping
from the abdomen through the trocar 400. The O-rings 501
also contain the jet flow within the trocar 400. The supply can
be pumped to the trocar prior to insertion. The gas will pass
through the jets and out the return line without creating any
blowing effects external to the trocar. Once the trocar 400 is
inserted into the patient, the obturator 599 can be removed
and the air seal will be established without losing pneumo-
peritoneum.

[0074] FIGS. 6 and 7 illustrate a third representative
embodiment of a trocar 600 in accordance with the invention.
The trocar 600 is similar to the foregoing embodiments, but
does notinclude either a pressure sense plenum, ora proximal
cap. Thetrocar 600 includes a body 610, having ahousing 615
arranged at the proximal end portion thereof. Baffles 643, an
annular insert 640 and nozzle insert 650, respectively define,
in conjunction with the housing 615, a fluid return plenum
621, a fluid supply plenum 641, a central lumen 607 and a
nozzle 655. The nozzle insert 650 is formed so as to have a
depressed region 656 which helps guide surgical instruments
to the lumen 607. A return fluid port 627 (FIG. 6) is formed
through the housing 615 and is in fluid communication with
the fluid return plenum. A fluid supply port 647 (FIG. 7) is
similarly formed through the housing 615 and is in fluid
communication with the fluid supply plenum 641.

[0075] FIG. 8A illustrates yet another trocar 800A con-
structed in accordance with the present invention. The trocar
800A includes a body 810, having a housing 815 arranged at
the proximal end portion thereof. Distal baffles 829, an annu-
lar insert 840 and nozzle insert 850, respectively define, in
conjunction with the housing 815, a fluid return plenum 821,
a fluid supply plenum 841, a central lumen 807 and a nozzle
855. The nozzle insert 850 is formed so as to have a depressed
region 856 which helps accommodate proximal baffles 869
within the chamber 861 defined by a proximal cap 860. A
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reduced aperture 868 can be provided at the proximal end
portion of the cap 860. Optionally, an annular seal can be
provided therein in order to further seal the lumen 807 against
a surgical instrument when the surgical instrument is inserted
therethrough.

[0076] A return fluid port 827 is formed through the hous-
ing 815 and is in fluid communication with the fluid return
plenum 821. A fluid supply port is similarly formed through
the housing 815 and is in fluid communication with the fluid
supply plenum 841. As with the foregoing embodiment, no
pressure sense chamber is provided, but as is the case with the
foregoing embodiment or any embodiment set forth herein,
such pressure sense capability can be imparted by providing
such a chamber in another, similar trocar or as a separately
inserted needle into the abdomen of the patient.

[0077] FIG. 8B illustrates a trocar 800B having an alternate
arrangement of the proximal end thereof, but otherwise simi-
lar to trocar 800A of FIG. 8A. The trocar 800B includes a
body 810, having a housing 815 arranged at the proximal end
portion thereof. Distal baffles 829, an annular insert 840 and
nozzle insert 850, respectively define, in conjunction with the
housing 815, a fluid return plenum 821, a fluid supply plenum
841, a central lumen 807 and a nozzle 855. The nozzle insert
850 is formed so as to have a depressed region 856 which
helps accommodate a proximal sound attenuation chamber
891, in cooperation with a proximal cap adapter insert §90.
Sound absorbing material can be provided in the sound
attenuation chamber 891 to help reduce noise emitted by the
flowing fluid within the trocar 800B. The cap adapter insert
890 can facilitate engagement between the trocar 800B and a
cap, such as one containing a ball valve, for example.
[0078] A return fluid port 827 is formed through the hous-
ing 815 and is in fluid communication with the fluid return
plenum 821. A fluid supply port 883 is similarly formed
through the housing 815 and is in fluid communication with
the fluid supply plenum 841.

[0079] In each of the foregoing embodiments, fluid return
plena have been arranged distally, with respect to the fluid
supply plena in each trocar embodiment. However, alterna-
tively, the fluid return plenum may be arranged proximally,
with respect to the fluid supply plenum. Such an arrangement
is illustrated in connection with the trocar 900 illustrated in
FIGS. 9A and 9B.

[0080] Thetrocar 900 of FIGS. 9A and 9B includes a body
910, an annular insert 940 and a nozzle insert 950. A nozzle
955 is defined between the annular insert 940 and the nozzle
insert 950. A fluid supply plenum 941 is defined in the hous-
ing 915 between the annular insert 940 and nozzle insert 950
and is fed by fluid supply port 947. The fluid return plenum
921 is defined proximal the nozzle insert 950, by the nozzle
insert 950 and an optional secondary seal element 980,
secured to the housing. The secondary seal element 980 is
secured to the housing and includes an annular seal 983 to
facilitate sealing against instruments inserted through the
lumen 907 of the trocar 900. If a complete seal is made
between an instrument and the seal element, no fluid can
escape through the proximal end of the lumen. Accordingly, if
desired, the system that provides insufflation fluid for the
purpose of creating a fluid seal in the trocar 900, can be
switched off for the duration during which a seal is main-
tained with the sealing element 980.

[0081] Baffles 991 and/or sound absorbent material can be
arranged in the fluid return plenum 921 to reduce noise emit-
ted from the trocar 900 when in use. Fluid is exhausted from
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the fluid return plenum 921 through return fluid port 993. The
proximal cap 960 may be permanently or temporarily affixed
to the remainder of the trocar 900, and includes a magnetic
ball valve, having a ball 967, which engages a ring 968
formed in the cap 960. As embodied, either the ball 967 or the
ring 968 can be magnetic, with the other being ferrous. Alter-
natively, the ring 968 can be embodied as an electromagnet,
having power supplied thereto, with the ball 967 being ferrous
and therefore attracted to the ring 968 electromagnetic ring
when switched on.

[0082] Referring to FIG. 10, which illustrates a further
embodiment of a trocar 1000 in accordance with the inven-
tion, while forming a fluidic seal, the distal motion of the gas
is slowed and reversed to an outward flow as it is acted on by
pressure within the abdomen. The gas, spent of inward
momentum, is pushed proximally, normally through the
lumen of the surgical access device. As the spent gas exits the
proximal end of the lumen 1020 of the surgical access device
1000, the gas, represented by arrows 1090, will enter a col-
lection chamber 1030 which may also serve to house sound
abatement material. The chamber 1030 will be connected to a
return line via a port 1035 formed therein, through which a
recirculation pump (e.g., pump 1940 of F1G. 19) will extract
the exiting gas. During use, supplemental gas (e.g., carbon
dioxide) can be added to the system as needed, to insure that
the net flow of gas through the proximal end 1010 of the
access device 1000 is in the proximal direction. This will
ensure that the return flow to the recirculation pump is the
desired gas (e.g., carbon dioxide) rather than air drawn into
the access device 1000 through the proximal opening 1012.
Depending on the precise implementation, a mechanical
valve can be provided at the proximal end of the surgical
access device. Such a valve can act to further eliminate the
potential of drawing external air into the system from the
outside.

[0083] FIGS. 11 and 12 are partial proximal end cross-
sectional views of a further embodiment of a trocar 1100
constructed in accordance with the invention. The trocar 1100
includes a body 1110 having a proximal housing 1115. The
nozzle 1155 is formed between the housing 1110 and a nozzle
insert 1150, between which is also defined a fluid supply
plenum 1141. A safety valve 1180 formed in the housing
1115. In this embodiment, a pressure sensing channel and
plenum 1111 are formed between the body 1110 and a tubular
member 1120 placed over the body 1110.

[0084] Thesafety valve 1180 is configured so as to be urged
closed by way of a spring (not shown), but alternate methods
of maintaining the valve 1180 closed by maintaining the ball
1181 in contact with a seat are possible. The safety valve 1180
is in fluid communication with the pressure sensing plenum
1111 by way of a fluid conduit 1184. When pressure within
the abdominal cavity exceeds a predetermined safe limit, the
ball 1181 is urged away from its seat, the spring compressed,
and thus the channel 1184 is uncovered. pressurized fluid then
exits exhaust conduits 11854, 11855 and 1185¢. When the
pressure in the abdomen subsequently drops, the valve 1180
closes.

[0085] The trocar 1100 of FIGS. 11 and 12 includes a cap
1170 removably secured thereto. The cap includes a chamber
1161 defined therein for use with sound attenuation features
such as baffles and/or sound absorbing material.

[0086] As shown in FIG. 13, which is a lateral cross-sec-
tional view of the cap 1170 of FIGS. 11 and 12, the body 1310
includes a track 1320, which engages a mating track on the
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trocar 1100. A resilient locking member 1330 engages a
matching groove in the trocar 1100. Depressing the button
1340 causes the locking member 1330 to deflect and open at
its neck 1331. This allows insertion onto and removal from
the trocar 1100.

[0087] In further accordance with the invention, various
systems for surgical insufflation and/or for use in creating and
maintaining fluid seals in cannulas constructed in accordance
with the invention are provided. FIGS. 14-18 illustrate such
systems.

[0088] In the embodiment of FIGS. 14 and 15A, which
illustrate a system for surgical insufflation and sealing, a
control unit 1420 is shown in connection with a surgical
insufflator 1410 and a surgical trocar 1401, in accordance
with one system embodiment of the invention. The trocar
1401 is connected to the control unit 1420 by way of fluid
conduits 1480, and the insufflator is connected with the con-
trolunit 1410 by way of another fluid conduit 1414. As shown
in FIG. 15A, the insufflator 1410 receives insufflation fluid
from a source, in this case, a tank 1580. A pressure regulator
1570 1s provided between the tank 1580 and the insufflator
1410.

[0089] The insufflator output is in fluid communication
with a pressure sensing line 1481 leading to the trocar 1401,
and with a pressure sensing line 1581 leading to a pressure-
controlled valve 1560, housed within the control unit 1420.
The control unit 1420 also includes a fluid pump 1550 for
recirculating insufflation gas for the purpose of maintaining a
fluid seal within the trocar 1401, and thus maintain the pneu-
moperitoneum within the abdomen 1598 of the patient.
[0090] The fluid is received from the trocar 1401 through
return fluid conduits 1485, 1585, is pressurized by the fluid
pump 1550, and is directed through the fluid supply conduits
1583,1483 to the fluid supply plenum and nozzle of the trocar
1401. If pressure within the abdomen 1598 exceeds a prede-
termined safe limit, such increased pressure is communicated
by way of the pressure sensing conduits 1481, 1581 to the
pressure-controlled valve 1560. The pressure-controlled
valve 1560 then responds by opening and short circuiting the
fluid supply conduit 1583, through bypass conduit 1568, to
the fluid return conduit 1585. Thus, fluid that was to be
delivered to the trocar 1401 to maintain a fluid seal is reduced,
and partially or fully recirculated back to the pump 1550.
Accordingly, excess fluid already within the abdomen 1598
will escape until abdominal pressure decreases to an accept-
able level, when the valve 1560 closes and fluid flow through
the fluid supply conduits 1483, 1583 increases.

[0091] In the illustrated embodiment, a diaphragm-type
valve, having an internal diaphragm 1561, is shown, but it is
to be understood that alternate arrangements of pressure con-
trol are applicable to the present invention. For example, a
pressure transducer can be arranged in fluid communication
with the pneumoperitoneum, by placing the pressure trans-
ducer on or in the trocar 1401, or in the control unit 1420, and
can be adapted and configured to control an electrically oper-
ated valve, for example.

[0092] Although illustrated as separate but connected units
in FIG. 14, the insufflator 1410 and the control unit 1420 can
be contained in a single housing, as indicated by dashed line
1501 in the schematic of FIG. 15A, and as illustrated by
element 1620 in FIG. 16. Connectors 1590 allow connections
between the control unit 1420 and fluid conduits 1481, 1483,
1485, which in-turn connect to the surgical trocar 1401. Fil-
ters are provided in line with the fluid conduits 1480, and can
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be housed independently as with filters 1482 of FIG. 14, or in
a single housing 1682 of FIG. 16.

[0093] Insufflation gas is provided to the system 1400 from
a supply, such as a tank 1580. The system 1400, which can
include elements such as an insufflator 1410, pressure regu-
lator 1570, conditioning elements, such a humidifier, dehu-
midifier or heater, recirculation pumps and/or other elements,
receive the insufflation gas. The system 1400 can further
include a safety dump valve in connection with one or more of
the fluid conduits to exhaust excess insufflation fluid, if nec-
essary.

[0094] Typical surgical insufflators operate by intermit-
tently measuring pressure between periods of insufflation
through a single fluid conduit. As embodied in FIGS. 14 and
15, the insufflator 1410 is capable of functioning normally in
this regard. The insufflator 1410 can initiate insufflation of the
abdomen 1598 through the pressure sensing conduit 1481,
and also intermittently measure pressure therethrough. How-
ever, normal insufflator operation does not adversely affect
the functioning of the pressure-controlled valve 1560.
Although slight pressure surges may be caused by the insuf-
flator, a fluid seal in the trocar is maintained.

[0095] Accordingly, in operation, when low abdominal
pressure is sensed. the insufflator is triggered to insufflate the
abdomen 1598, and the pressure-controlled valve 1560
remains in a closed state, with the fluid pump 1550 receiving
fluid from a return fluid plenum in the trocar 1401, through
the return fluid conduits 1485, 1585, and delivering pressur-
ized fluid through the fluid supply conduits 1583, 1483 to the
nozzle of the trocar 1401.

[0096] When excessive abdominal pressure is experienced,
the insufflator does not provide additional insufflation fluid to
the abdomen 1598, and the pressure-controlled valve 1560
opens, connecting the fluid supply conduit 1583 and the
return fluid conduit 1585 through the bypass conduit 1568,
thereby reducing the effectiveness of a fluid seal formed in the
trocar 1401, and allowing a portion of the insufflation fluid to
escape, and lowering the pressure within the abdominal cav-
ity.

[0097] It may be desired to use a removable proximal end
cap on the trocar 1401, for use during insufflation to allow the
insufflator 1410 to fill the abdomen, after which time, the
pump 1550 of the control unit 1420 can be actuated, and the
cap removed. Alternatively, an obturator can be inserted
through the trocar 1401 and mutually sealed therewith, such
as by O-rings or the like.

[0098] The system 1400 pressurizes the insufflation fluid to
the desired pressure and can be adapted and configured to
treat or condition the fluid as necessary. As set forth above, the
pressure supplied to trocars in accordance with the invention
can be between about 0 mmHg and 3500 mmHg at any 0.1
mmHg increment of pressure therebetween. Such pressures
are suitable for fluid supply plena, such as plenum 141 shown
in FIG. 2. However, relatively high pressures can also be
supplied to the nozzles of trocars in accordance with the
invention, such as nozzle 155, best seen in FIG. 3. In one
embodiment, pressure supplied to the nozzle(s) is between
about 1000 mmHg and about 2000 mmHg, and can be at any
0.1 mmHg increment of pressure therebetween. In one pre-
ferred embodiment, the pressure supplied to the nozzle(s) is
about 1530 mmHg. Naturally, normal pressures can vary as
needed or desired. Moreover, pressures will decrease from
normal when an excessive abdominal pressure is measured,
as set forth above.
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[0099] FIG. 15B illustrates a system 1500, which is an
alternate embodiment of the system 1400 of FIGS. 14 and
15A. The system 1500 is similar to system 1400, but simply
additionally includes a safety pressure release valve 1599 in
fluid connection with the pressure sensing line 1581. In cases
of overpressure, in addition to the short-circuiting action of
the pressure-controlled valve 1560, the safety pressure
release valve 1599 can additionally release insufflation fluid
into the atmosphere. The pressure setting at which the safety
pressure release valve 1599 begins to release fluid can be set
so that it does not prematurely release fluid, instead of the
pressure-controlled valve 1560 recirculating fluid. Accord-
ingly, the pressure setting may be slightly higher than for the
pressure-controlled valve 1560.

[0100] With reference to FIG. 16, there is illustrated a con-
trol unit 1620 which is connected to an insufflating trocar
1401, both in accordance with the invention. A unitary filter
element 1682 is provided, which is described in more detail
below in connection with FIGS. 20-22. The control unit 1620
can be utilized with any embodiments of the systems
described in accordance with the invention, and can include,
as illustrated, a settable control 1621 for setting the desired
pressure output from the control unit 1620, and a pressure
gauge 1625 for confirming the set pressure. As illustrated, the
filter 1682 mounts directly to the control unit 1620, with
conduits integrally formed with the housing of the filter 1682
being received by corresponding apertures in the control unit
1620, as will be described in more detail below in connection
with FIGS. 20-22. As with other embodiments set forth
herein, the control unit 1620 can be connected with a standard
surgical insufflator or can be provided with insufflator com-
ponentry within the housing of the control unit 1620.

[0101] FIGS. 17 and 18 illustrate an alternative embodi-
ment of a system for surgical insufflation and gas recircula-
tion 1700. As with the embodiment of FIGS. 14 and 15, an
insufflator 1410 and control unit 1420 are each provided.
However, the insufflator 1410 and control unit 1420 in this
embodiment operate independently from one another, and
each independently measures and responds to the abdominal
pressure of the patient. As with the embodiment of FIGS. 14
and 15, the trocar having recirculation capability 1401 is
connected by way of fluid conduits 1480 and filters 1482 to
the control unit 1420. However, the insufflator 1410, instead
of being connected to the control unit 1420, is connected by
way of a fluid conduit 1780 to a secondary trocar 1701.

[0102] As shown in FIG. 18, insufflation gas is provided to
the system 1700 from a supply, such as a tank 1580. In
operation, when low abdominal pressure is sensed, the insuf-
flator 1410 is triggered to insufflate the abdomen, and the
pressure-controlled valve 1560 remains in a closed state, with
the fluid pump 1550 receiving fluid from a return fluid plenum
in the trocar 1401, through the return fluid conduit 1585, and
delivering pressurized fluid through the fluid supply conduit
1583 to the nozzle of the trocar 1401.

[0103] When excessive abdominal pressure is experienced,
the insufflator does not provide additional insufflation fluid to
the abdomen, and the pressure-controlled valve 1560 opens,
connecting the fluid supply conduit 1583 and the return fluid
conduit 1585 through the bypass conduit 1568, thereby
reducing the effectiveness of a fluid seal formed in the trocar
1401, and allowing a portion of the insufflation fluid to
escape, and allowing the pressure within the abdominal cav-

ity.
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[0104] With reference to FIG. 19, there is illustrated a sys-
tem 1900 in accordance with the invention in which surgical
access devices 1905 are connected via tubes 1920 to control
equipment. In this case, control equipment includes an insuf-
flator 1960, and a control unit 1910, which in turn is operably
connected to a recirculation pump 1940, but which may
include the pump 1940 within the housing of the control unit
1910.

[0105] In accordance with the invention, preferably all
internal, gas contacting surfaces of the system, including
tubing 1921, 1923, 1925 and portions of the recirculation
pump 1940 are disposable. The pump 1940 may be of a
peristaltic design, pumping gas by flexing disposable tubing,
such as by a compressive roller system. Alternatively, pump-
ing can be accomplished by external manipulation of a
closed, integral and disposable diaphragm element. In accor-
dance with the invention, it is preferred that wetted surfaces
be disposed of after each procedure as a precautionary mea-
sure against cross-contamination. In alternate embodiments,
systems in accordance with the invention can be provided
with other types of fixed displacement pumps, or a variable
displacement pump, such as vane pump, for example.
[0106] The surgical access devices 1905 are connected to
the insufflator 1960 and control box 1910 by way ofa pressure
sense tube 1925. Pressurized fluid is delivered to the surgical
access devices 1905 by way ofa fluid supply tube 1921, while
spent insufflation gas is retrieved by way of a return tube
1923, each tube being connected through a control unit 1910.
One or more intervening filters can be disposed between the
access devices 1905 and the control unit 1910, as illustrated in
FIGS. 16 and 17.

[0107] A main fluid supply, such as a bottle of carbon
dioxide gas, can be incorporated into the system 1900 in any
suitable fashion, such as by providing an input in the control
unit 1910, for example.

[0108] Turning now to FIGS. 20-22, a filter assembly 1682
is illustrated. The filter assembly 1682 is provided with a
housing 2080. The housing 2080 can be molded in two parts
to simplify assembly, and can hold within it filter elements
within separate, defined chambers corresponding to each ofa
fluid supply, fluid return and pressure sensing and/or insuf-
flation conduit. Due to the different flow rates and pressures
passing through each respective conduits, the filter size for
that conduit is selected accordingly. As illustrated, particu-
larly in FIG. 20, conduits 2089 are provided in the housing
2080, each in fluid communication with a fluid path and its
respective filter element held within the housing 2080. The
connection between the tubes and the filter 1682 can be any
desired, and in accordance with the invention may be the
same as the connection between the trocar and tube set, as
illustrated in FIGS. 23-25, described in further detail below.
[0109] FIG. 21 is an isometric view of the filter 1682,
illustrating the tube connection conduits 2089, and the parts
2060, 2070 that comprise the majority of the filter housing
2080. The front lid 2060, with conduits 2089 formed therein,
is attached to the rear portion 2070, holding therewithin a
plurality of filter elements for filtering fluid received from or
provided to the trocar.

[0110] A fluid drain can be provided in one or more of the
chambers defined within the housing 2080, particularly with
the chamber 2084 corresponding to fluid returned from the
trocar. Such drain can in turn, be connected to a central
suction system to remove any collected fluid, or fluid can
simply collect in the bottom of the housing 2080. or in a
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separate reservoir. As embodied, this chamber 2084 is pref-
erably volumetrically larger than the other two chambers to
accommodate a depressurized, and thus expanded flow of
fluid returning from the trocar. The pressurized fluid being
provided to the trocar takes up a proportionately lower vol-
ume, and accordingly, smaller filter chambers and tubes are
sufficient to carry a given mass flow rate of insufflation fluid.
When that same fluid is expanded upon its return, a larger
conduit and filter chamber are necessary to handle the flow of
fluid.

[0111] FIG. 22 is a side isometric view of the filter 1682,
illustrating the rear conduits 2287 defined in the rear portion
2070 of the housing 2080. The conduits 2287 are configured
to mate with corresponding apertures in a control unit, and
include sealing elements 2288, such as O-rings, and protru-
sions 2289 for engaging a cooperating element in the housing
to securely engage the filter 1682 to the control unit. Of
course, the filter 1682 can be embodied such that instead of
mounting on a control unit, the rear end of the filter connects
to an intermediate tube set.

[0112] FIG. 23 illustrates two mating connection elements,
including a boss 2310, and an end connector 2320 for con-
necting a trocar 2301 in accordance with the invention to a
tube set (not illustrated in FIG. 23). The same connection
arrangement can be used between the tube set and the filter, if
so desired. A locking nut 2321 on the end connector 2320
engages an outer thread portion 2315 of the boss 2310, hold-
ing conduits 2329 securely to the trocar 2301. The conduits
2329, particularly on the end mating with the corresponding
apertures 2317 formed in the boss 2310, can be formed of a
compliant material such that they self-seal against the inner
walls of respective apertures 2317. Alternatively or addition-
ally, separate sealing elements can be utilized without depart-
ing from the spirit or scope of the invention. The general
construction of the threaded engagement can be that of a “luer
lock,” is so-desired. FIG. 24 is an isometric view ofthe mating
side of the end connector 2320.

[0113] FIG. 25 illustrates a trocar 2500 including a body
2510, having a housing 2515 arranged at the proximal end
portion thereof. An annular insert 2540 and a nozzle insert
2550 define, in conjunction, a nozzle 2555 and a fluid supply
plenum 2541. A fluid return plenum 2521 is defined between
two inserts 2520 and 2530. Seals, 2552, such as O-rings can
be provided in respective detents to seal between the inserts
and the housing 2515. The nozzle insert 2550 is formed so as
to have adepressed region which helps accommodate a proxi-
mal sound attenuation chamber 2561, in cooperation with a
proximal cap 2560. Sound absorbing material can be pro-
vided in the sound attenuation chamber 2561 to help reduce
noise emitted by the flowing fluid within the trocar 2500. A
grating insert 2570 can be provided to help hold in and protect
the sound attenuating material, and help further absorb excess
sound.

[0114] Thecap 2560, asillustrated, is adapted to threadedly
engage the housing 2515 by way of mating threads 2565
formed on the housing 2515 and cap 2560. When assembled,
screwing the cap 2560 to the housing 2515 causes all inserts
to be firmly held within the housing 2515, providing for
simple assembly of the trocar 2500.

[0115] The fluid return plenum 2521, fluid supply plenum
2541 and pressure sense and/or insufflation plenum 2511 are
in fluid connection with respective conduits, which are con-
nected through the connection boss 2310 provided on the
housing 2515. The connection boss 2310, as described above,
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connects with a tube end connector 2320 to facilitate fluid
supply to and removal from the trocar 2500.
[0116] FIGS.27 and 28 are schematic illustrations for alter-
nate systems 2700, 2800 in accordance with the invention.
The systems 2700, 2800 of FIGS. 27 and 28, can be incorpo-
rated integrally with a surgical insufflator similar to the
embodiments of FIGS. 15A and 15B, or may be independent
of a surgical insufflator like the embodiment of FIGS. 17 and
18, with the insufflator 1410 and control unit 1420 operating
independently from one another, and each independently
measuring and responding 1o the abdominal pressure of the
patient.
[0117] Ineach embodiment, the trocar having recirculation
capability 2701 is connected to an insufflator 2710, a pump
2750 and a valve. In the embodiment of FIG. 27, the valve
2760 is a back pressure control valve, which permits pressure
on the upstream side of the valve 2760 only up to a certain
preset value. When pressure in supply the conduit 2783
exceeds the set value, it short-circuits to the return line 2785.
This lowers the supply pressure and reduces or shuts off the
fluid seal created by the pressurized flow entering the trocar
2701, thereby allowing insufflation fluid in the abdominal
cavity to escape through the lumen of the trocar 2701.
Because the lumen of the trocar can be relatively large, such
pressure can escape quickly, thereby preventing any harm to
the patient. Because the fluid is recirculated in the valve, a
minimum of insufflation gas is wasted by dissipating it into
the atmosphere.
[0118] The system 2800 of FIG. 28 includes an additional
dump valve 2893 in connection with the fluid supply conduit
2783. In addition to the short-circuiting action of the pressure
valve 2860 described above, the system 2800 is provided with
a pressure sensor 2891, which can be mechanical but is, as
illustrated, electronic. The pressure sensor 2891 can be in
fluid communication with the insufflation line or other source
of abdominal pressure. When an over-pressure condition is
sensed, the pressure sensor 2891 signals the dump valve 2893
to release fluid out of the system. As illustrated, the dump
valve 2893 is electro-mechanical, but alternatively may be
fully mechanical, as desired.
[0119] The devices, systems and methods of the present
invention, as described above and shown in the drawings,
provide for advantageous systems for surgical insufflation
and gas recirculation, and related devices and methods there-
fore. It will be apparent to those skilled in the art that various
modifications and variations can be made in the devices,
systems and methods of the present invention without depart-
ing from the spirit or scope of the invention. Thus, it is
intended that the present invention include such modifica-
tions and variations that are within the scope of the appended
claims and their equivalents.
1-26. (canceled)
27. A system for facilitating insufflation and recirculation
of fluid during a laparoscopic surgical procedure comprising:
a) a trocar having a proximal housing and an elongated
tubular body extending distally from the housing, the
housing having a supply plenum and a return plenum,
the tubular body having an outer tubular portion and an
inner tubular portion defining a central lumen, wherein
an insufflation passage is defined between the outer
tubular portion and the inner tubular portion;
b) an insufflator for delivering insufflation fluid from a fluid
source to the abdominal cavity of a patient through the
insufflation passage of the trocar;
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¢) a pump for delivering pressurized fluid with a supply
pressure to the supply plenum of the trocar through a
supply line to create a fluid seal within the central lumen
of the inner tubular portion of the trocar, and for receiv-
ing spent fluid from the return plenum of the trocar
through a return line;

d) a bypass line for connecting the supply line to the return

line under certain pressure conditions; and

e) a back pressure control valve positioned within the

bypass line which permits supply pressure on an
upstream side of the control valve only up to a preset
value, and when supply pressure exceeds the preset
value, the control valve opens to directly connect the
supply line with the return line, so as to lower the supply
pressure to the supply plenum and reduce the fluid seal
created within the central lumen of the inner tubular
portion of the trocar and thereby allow insufflation fluid
from the abdominal cavity to escape through the central
lumen.

28. A system as recited in claim 27, wherein the control
valve and the pump are incorporated integrally with the insuf-
flator.

29. A system as recited in claim 27, wherein the control
valve and the pump are independent of the insufflator.

30. A system as recited in claim 27, wherein the trocar
includes a nozzle in fluid communication with the supply
plenum for directing pressurized fluid from the supply ple-
num into the central lumen of the inner tubular portion of the
trocar.

10

Nov. 13,2014



SHEITFAWMEEES , NRFHAES EMRES &SRR EE
%,

patsnap

200

TRAFROE) AREERNSEBREARS
[F(2E)F US20140336567A1 [ (r&)B 2014-11-13
HiFs US14/444322 RiFH 2014-07-28
FRIEE(EFPAGR) BEEHHELT
BB (EFIR)AGE) SURGIQUEST INC.
FRIRBAA STEARNS RALPH

AZARBARZIN KURT

NOLAN TIMOTHY J
KA STEARNS, RALPH

AZARBARZIN, KURT

NOLAN, TIMOTHY J.
IPCH%E A61B17/34 A61M13/00
CPCH %S A61B17/3474 A61B17/3421 A61B17/3498 A61M13/003 A61M13/006 A61M2205/3337 A61M2205/3344

AB61M2202/02 A61B17/3462
11 %4 60/959826 2007-07-16 US

60/875436 2006-12-18 US

60/923917 2007-04-17 US
H 20 FF 32k US9295490
SNEBEEHE Espacenet  USPTO
%E(&) 2800

Pl
—fATEARNFRAIRANBEIRAREHRE, ZREDEEH
B, ZEHETEERAR , #RNEE , RERGEENEHiEH i INSUFFLATOR
W RARETFHEERFERARABRAESI RS, RESESHER f -
By I | F ELRR RIS T DR B WA SHe A2 B 2 28 T ! .
WHFRO., REEESHRARNBAARECEE , AT EAREEEE -
AR, HERBIFBTMEALEETHE AR DEEEA RS, E . il %
HEFSHMSENRESERMEESR , F BETMEEREWIETIE \jl_‘rg.
'\2893

i
8 @-zm
A\

17 -
1785


https://share-analytics.zhihuiya.com/view/f4344d96-256e-44fe-bb91-ab73dcc6f908
https://worldwide.espacenet.com/patent/search/family/039537064/publication/US2014336567A1?q=US2014336567A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140336567%22.PGNR.&OS=DN/20140336567&RS=DN/20140336567

