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(57) Abstract: Gas recirculation systems for use m endoscopic surgical procedures including a gas recirculation pump are disclosed. 
The gas recirculation pump may work in conjunction with as insufflator used to inflate a patient's peritoneal cavity during surgery. 
The gas recirculation system may recirculate a high flow rate of gas from and to the patient while filtering particulate matter out of 
the gas and while maintaining an adequate moisture content in the gas. The gas recirculation pump may include a disposable pump 
cartridge releasably connected to a pump motor. A controller may detect, a fault or safety condition in the gas recirculation system 
based on the load placed on the pump motor. 
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GAS RECIRCULATION SYSTEM 

BACKGROUND 

1 < Technical Field text 

[{IM! 1 Hie present disclosure relates to gas reoireidation systems used, in minimally 
Invasive surgical procedures.. 

2» Background IMormafion. 

[SW2| Minimally invasive surgical procedures, including endoscopic surgical 
procedures, such as laparoscopic, arthroscopic, hyieroscopie, thoracoscopk surgical, 
procedures, are becoming more common place in tbe surgical environment due to shorter 
recovery times, shorter operating durations, ami reduced costs. Minimally invasive surgical 
procedures are typically performed with instruments inserted, through small, artificially 
crested openings or portals la the patient. 
[(1MB! In a laparoscopic surgical procedure, a gas is injected into the peritoneal cavity 
trough m artificial opening in the abdomen created by a -verms needle. Topically, the type 
of gas that is injected is a CGj gas, although a mixture of two or more gases or a different gas 
may also be suitable depending on die surgical procedure, In a laparoscopic procedure, the 
€02 gas Is used to di stend the pneumoperitoneum, thereby creating an air space lor the 
surgeon to visualize the organs and to maneuver surgical instruments and an endoscope. The 
CO;2 gas is injected into the peritoneal cavity under -pressure by an insuiYfatiois device. 
Examples of insufflation devices suitable lor this application are described in U.S. Patent No, 
6,299,592 and U,S» Patent Serial No, which, are all hereby incorporated by 
reference. 
[(IO04J After die pneumoperitoneum is first distended, art endoscope with a camera 
(which is connected, to a monitor) is inserted into the abdominal cavity to visualize the 
interior of the cavity and, more particularly, the operative space. The endoscope typically 
remains inserted for the duration of the surgical procedure. Other openings may also be 
created to provide access to other surgical instruments into the abdominal cavity. 
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The instrumentation used to cut, cauterize, ablate or vaporize tissues Inside the 
abdomen during &.minimally Invasive surgieal procedure, such as a laparoscopic procedure, 
results in surgical smoke which may pose a health risk to tbe patient and may also pose a 
health risk to the sorgeon and. other individuals it* the operating room If .some or all of the 
surgical smoke escapes to the operating .room. As nsed herein, the term "surgical smoke* 
include, without limitation, gases or aerosols that may contain toxins, particulate matter,, 

irritants. viable cells and viruses, water vapor, and other oo»tammants. Surgical smoke also 
impairs- tbe surgeon's visualization via the camera m tbe endoscope,. This impairment to 
vkiMlkadoB CM also be further accentuated by fogging or condensation on. the camera leas 
due to tbe CO? gas entering tbe abdominal cavity at below body temperature. Impairing 
visualization, can interfere with the surgical procedure and result In risk to the patient's 
health, Furthermore, impairing visualization may also lead to delays in the operation, in 
particular in operations Involving robotic assisted surgical procedures performed remotely. 

BRIEF SUMMARY 

[0Q06J In. one aspect, a gas recirculation system for use in am endoscopic surgical 
procedure comprises a pump with a motor and a pump cartridge coupled to the motor. The 
pump cartridge Includes a gas Input cooneciiot! and a gas output connection. The pump 
cartridge is detachable from ihe motor and the pump cartridge is sealed such that a gas. within 
the pump cartridge cannot contact the motor. The gas recirculation system also comprises a 

first and second tube in fluid communication with the gas input and gas output connections, 
respectively. The first and. second tabes are configured to he couaectahie to surgical 
equipment, that is issertable Into a. peritoneal cavity. The pump is configured to draw gas 
into the gas input connection from a peritoneal cavity through the first tube and to discharge 
gas out of the gas output connection and Into a peritoneal, cavity through dm second tube 
[0007| Other systems, methods, features and advantages will he. or will become, apparent 
to one with skill in the art upon examination of the .following figures and detailed 
description, it is Intended that all such additional systems, methods, features and advantages 
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be included within this description, be within tbe scope of tbe invention, and be protected by 
tbe following claims, 

BRIEF DESCRIPTION OF THE DRAWINGS 

m illustrative example of an. embodiment of a gas recirculation system, 
a schematic example ofaa embodiment of a gas recircolation system, 
an example cross-section of an embodiment of a gas recirculation pump 

another example cross-section of an embodiment of a gas recirculation 

an example of an embodiment of a gas recirculation pump cartridge, 
another example of an embodiment of a gas recirculation pump 

an example of an embodiment of a portion of a gas .recirenlatioit pump 

an example of an embodiment of a gas recirculation pump. 
a. block diagram of a gas recirculation system,. 

[00171 FIG, 10 is an example of an embodiment of a coupling method between a gas 
recirculation pump cartridge and a motor, 
(00181 FIG.. 11 is an example of an embodiment of a connecting element used in a gas 
^circulation system. 
(001*1 FIG., 12 is a cmss.»$ectiou of an e mbodi ment of a connecting element used in a gas 
recirculation system, 
[ooisi FIG, 13 is a cross-section of another embodiment of a connecting element used in 
a gas recirca lation system., 
[002l| FIO, 14 is an example of an embodiment of a bypass valve used in a gas 
recirculation system. 
mm KG. is is aa example of sn embodiment of a moisture trap used in a gas 
^circulation system 

[000$ FIG. 1 is 
[0009J FIG, .2 is 
[00101 FIG. 3 is 
cartridge, 
(0011.1 FIG, 4 is 
pump cartridge. 
(00121 FIG, 5 is 
(00131 FIG, 6 is 
cartridge. 

(00141 FIG. 7 is 
cartridge.. 

1001SJ FIG, 8 is 
[0016| FIG. 9 is 
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(041231 -FIG* 16 is an example of another embodiment of a moisture trap used in a gas 
recirculation system. 
[H624| FIG, 17 is an example of an embodiment of an enclosure for a gas recirculation 
system, 
[»25| FIG.. 18 is an example of another embodiment of an enclosure for a gas 
recirculation system, 

[902<*1 FIG. 19 is aa example of another embodiment of an enclosure for a gas 
rcdrcuktioo system, 
[011271 FIG, .20 is at* example of another embodimfnr of an enclosure for a gas 
recirculation system, 
[00281 :FIG. 21. is another example of an embodiment of a gas recirculation pimp 
cartridge, 
(062*1 FIG, 22 is an example of another embodiment of a coupling method between a gas 

recirculation pump cartridge and a motor. 
mm FIG., 23 is an example of another embodiment of a coupling method between a gas 
recirculation pump cartridge ami a motor. 
[963.1! FIG, 24 is an example of an embodiment of a three- way valve used in a gas 
recirculation system, 
[9032| FIG. 25 is an example of another embodiment of a three-way valve used in a gas 
recirculation system, 

DETAILED DESCRIPTION 

[9633| The present disclosure is directed to a system for recimttebg gas injected into a 
peritonea] cavity during a surgical procedure. Tbe system includes a positive displacement 
pump to remove and inject gas into the peritonea] cavity in order to .remove smoke generated 
within the peritoneal cavity during the surgical procedure. 
[9034! The present disclosure provides a safe, cost effective gas recirculation system with 
component pans that can be reused without sterilization. The cost effective system utilises 
controllers, rather than sensors, to monitor fee pump operation, and detect faults. The system 
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m able to achieve high removal ami. injection flow rates,. for example 4 to 10 liters per 
minute, which ensures that any surgical smoke Is quickly and effectively .removed from the 
surgeotfs field of vision while at tlie same time minimizing my change: in. pressure is the 
peritoneal cavity, 
[0ft35| Referring to FIG. 1,. un embodiment of a gas recirculation system. 100 k stew. 
Gas recirculation system 100 may include a recirculation pump 105, a primary input trocar 

11.0, a secondary output trocar 115, input tubing 120. and outpsit tubing 125, Output tubing 
125 may inchtde a filter and/or moisture trap 330, .Input tubing 120 and. output tnbmg 1.25 
may b& similar to insufflation tubing sets manufactured by Noitijg&te Tectao!ogtes> 
[0§36| Gas recirculation system 100 may be used, lit conjunction with an Insufflation 
system, such us described in U.S, Patent Na 6,299,592 and U.S. latent Serial Mo. 
62/037,893, which are all hereby incorporated by reference,. The insufflation system may 
include aft insufflator 121* -an Insufflation trocar 128, insufflation tubing 1.29 connecting the 

insufflator 127 to the insulation trocar 128, and m electroftic communication line 129 
between gas .recirculation, system 100 andinsufflator 127, Gas recirculation system 100 may 
Mctode a controller to communicate with insufkior 127 through, communication line 129. 
Information or commands such as start, stop* Sow increase* flow decrease, or other functions 
of'the gas recirculation controller could reside in insufflator 127 and communicated to the 
gas recirculation controller. Additionally or alternatively* the gas recirculation controller 

eoirid be integrated into and shared with insufflator 127. The gas recirculation system 100 
and. iastiftlMor 127 may sham power applies,, processors, graphic usur interfaces, heat, 
functions, humidity .functions, to .name a few examples, 

[011371 Recirculation pump 105 removes gas from tbe patient through secondary output 
trocar 11.5, output tubing 125, and fflter/moMure trap 130, A valve 135 may connect 
secondary output trocar 1.15 to output tubing 125, When output tubing 125 is connected to 
secondary output trocar 11.5 through valve 135, the valve stem of valve 135 .may be deflected 
to an open position. When valve 135 is disconnected from secondary output trocar 115, the 
valve stem of valve 133 may return, to its natural, closed position. Valve 135 may allow gas 
to flow through the valve when output tubing 12.5 is connected to secondary output trocar 
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IIS- 'Valve OS may prevent gas from entering output tubing 125 when ouipnt tubing 1,35 is 
disconnected front secondary output trocar 1.15. Valve 135 may automatically close when 
output tubing 125 Is disconnected from secondary output' trocar I I S, Valve 135 may be a 
luer valve, such as a TeMumi) or Halkey/l.obms# brand of closed male kiefs, 
[0ft38| Recirculation pump. 105 also injects? gas into the patient through primary input 
trocar I If) and input tubing 120. A valve, similar to mlve 135, may connect primary input 

trocar 1.10 and input tubing 120 aid may close when. Input toblng 120 w disconnected tram 
primary input trocar 110., 
[tifiStf Recirculation pump 105 recirculates gas from, the peritonea! cavity, through 
filter/moisture trap 130, and back Into the peritoneal cavity, The low rate of gas removed 
tram the patient through output tuMng 125 is the same as or substantially similar to the -flow 
rate of gas Injected back into the patient through input tubing 120, Filter/moisture trap 130 
may remove liquid from the gas aad may remove particulate foam the gas, such as. surgical 

smoke particles. Filter/moisture trap 1.30 may include a media that readily absorbs IkiuM, 
preferably np'to 15 to 20 ml of liquids ®tl readily releases moisture into the gas lowing over 
or through the media. A .media that is suitable for we iMudes the Crystar# brand of 
material, The size of the media Is preferably I -2.5 inches- long and 0.5 - 2.0 inches in 
diameter and most preferably 1.5 •••• 2,0 inches long and 1 LS Mehes in diameter, in one 
embodiment, the media may have a serrated outer sarfa.ee and a. center opening. When 
placed in a filter housing, the serrated outer surface defines a plurality of channel openings in 
which &e gas can flow and the center opening may be HUM with a rod comprising. charcoal 
The charcoal may entrap particulate matter in the gas as It passes through the center opening 

and at the same time may be effective at removing undesirable odor from the ga& 
Additionally or alternatively;, odor removal can be accomplished using other materials, such 
as enzymatic materials, vinegar and water cartridges* or odor can be masked using 
fragrances. Filter/moisture trap 130 may allow the gas that is ^circulated to retain moisture 
in a range of 50 - 70% relative humidity. Preferably, the gas recirculation system 100 will 
allow for the recirculation of gas to and from the patient and. will passively maintain a 
humidity tew! of the gas that will be a minimum of 70% relative, humidity with the gas at 
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normal operating room temperatures between 60 •••• 75 degrees Fahrenheit, Utilidng gas 
recirculation system 100 may reduce or eliminate the need for insufflator 127 to inject 
additional C03. gas in the peritoneal cavity and amy also maintain & reasonable moisture level 
ill Ae peritoneal cavity, as opposed to added COj which, unless it first passes through a gas 
warmer humidifier (as additional cast) will be very dry, typically at 0% relative humidity. 
The recireubtkm of gas will sot only reduce the input of 0% relative humidity gas, but also 

may prevent ihe breathing effect caused by ksaMator 127 attempting to maintain pressure its. 
the peritoneal ca vity , and prevent the discharge of large amounts of CO^ gas rnto the 
operating room, For ex:a?np!e;, passive smoke remo val systems that allow sk liter per minute 
leak rates may discharge up to 270 liters of CQj gas into the operating room during a. norma! 
45 minute gall bladder procedure. Accordingly, gas .recirculation system 100 Is a cost 
effective method to maintain adequate hurnkity of gas to the peritoneal cavity. 

Referring to HO. % an embodiment of a gas recirculation system 200 is shows-
Gas recirculation system 200 may include some of the same components and operational 
characteristics m gm recirculation. system 100, CMS recirculation, system. 200 may include a 
recirculation pump 205, an input trocar 2 i.0, an output trocar 215, input. tubing 220, and 
output tubing 225. Output tubing 225 may include a filter and/or fluid trap ,230. Input 
tubing 220 may include a filter 232, A. valve 2.35 may connect Output trocar 215 to output 
tubing 225, A valve 236 may connect input trocar 21.0 to input tobing 220. Valves 235,236 

may operate with the same characteristics, such as automatically closing when, disconnected, 
and tri the same maimer as valve 1.35, 
ptMij Recirculation pump 205 may be a diaphragm pump, or any other suitable positive 

displacement pump, including a cartridge 206 and a motor 21)7, Cartridge 206 may le 
disccMineetable from motor 207, Motor 207 may be any type of motor. Motor 207 may 
preferably he, but not limited to, a direct current ("DC") motor. Cartridge 206 may he sealed 
to prevent gas from escaping cartridge 206 except through the connection to input tubing 220 
and outlet tubing 225, Cartridge 206 may he composed of multiple components that, are 
attached to one another, such as by ultrasonic welding, using adhessves, laser welding, 
mechanical snapping connection with or without a gasket, or any other known method of 
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combining and sealing mating surfaces together. Cartridge .206 may be sealed so that it is 
only in fluid communication with Ihe opening to inlet tubing 220 and outlet tubing 225.. 
Accordingly,- gas within cartridge 206 may not come in contact with motor 20? or other parts 
of recirculation pomp 20:5. The gas reeircdation system may be m inexpensive method to 
remove surgical smoke fern, a patient's peritoneal cavity because motor 20? is .not 
contaminated fem contact with gas from the -peritoneal cavity, am! therefore, can 'be reused 

wi thout requiring sterilisation, The portions of regulation pump 205 that may have been 
contaminated, from contact with gas from the peritoneal cavity, mch as cartridge 206, may be 
disposable 
[0041) When in operation,: the gas recirculation system 200 may remove gas, including 
surgical smoke, from a peritoneal cavity preferably at a flow rate of 4 -- 10 liters per minute: 
and most preferably at a flow rate of 6 •-----• $ liters per minute and. after filtration, mjeet it hack 
into tbe peritoneal cavity preferably at a Sow rate of 4 - 10 liters per minute and most 

preferably at a Sow rate of b -•• S liters per minute. The gas tkstn the peritoneal cavity fcf 
travels through output trocar 215, through valve 235* and into-output tubing 225, The gas 
may travel through Md trap 230 which .may remove condensate / liquid, that teas due to 
the change in temperature of the gas {Le* from body temperature to room temperature) and 
odor if a charcoal rod, (as described above) or a separate or integrates! activated charcoal 
filter is used. The gas then travels through cartridge 206 of recirculation pump 205, The gas 
may travel through a filter that is located 'before or after recirculation pump 205, such, as 
filters 230 or 232. The filter may remove particulate matter'and other contaminants from the 
gas. Tbe filter k preferably is made of a material that provides a pressure drop of no more 

than 123 mmHG at a 20 hler per minute How rate. The ps may fee injected back into the 
peritoneal, cavity through input tubing 220, valve 236, and input trocar 210. 
i<MM3| Recirculation system 200 may include controller 240 to control tbe operation of 
motor 207, Controller 240 may be combined with or used in conjunction with an insufflator 
connected to recirculation system 200. Controller 240 may be the Trva# (Texas 
Instruments) brand of controllers, Controller 240 may be used to detect operating and iault 
conditions of motor 20? a»d/or safety issues in gas reciretdatioii system 20(1., Controller 240 



WO 2017/004490 PCT/US2016/040642 

S~ 

may detect die amount of power drawn, by motor 207,. such as by treasuring tbe voltage to 
motor 207, Controller 240 may detect or determine- that a fault, or safety issue bas occurred 
in gas rerireutoioo system 200 based on the amount of power drawn by motor 20?. For 
example, controller 240 may determine a fault condition or safety imie occurs if motor .20? 
draws more power than, expected, as .measured by an increase ita voltage or entreat greater 
than a pmletermiaed amount Controller 241) may trigger a shutdown of motor 20? if-a fault 

condition or safety issue occurs, Ihmg controller 240 to detect fault conditions or safety 
issues ,k gas recirculation. system 200 may be more cost effective that* using sensors, 
[$944! Valves 235 md 236 may be configured to close if they arc disconnected from 
output trocar 215 and input trocar 210, respectively. Closing valve 235 when it is 
dlsconoeetcil from output trocar 215 may restrict eoirainment of ambient air in to the suction 
side of gas recirculation system 200, Any ambient air entrained in gas recirculation system. 
200 would be Injected into tbe peritonea! cavity by recirculation pump 205. Closing valve 

2.36 when it k disconnected from. Input trocar 210 may prevent discharging gas from the 
peritoneal cavity into the ambient etwlronmcnt, 
P#45| Closing val ves 235 or 236 may create a pressure differential is tbe gas circuit of 
gas recirculation system 200, A pressure differential may increase tbe load on motor 207, as 
measured by an. increase iii. voltage or current drawn by .motor 207. If tbe increase in voltage 
or current is above a predetermined threshold value, controller 240 may detect a fault 
condition or safety issue in gas recirculation system 20:0, Controller 240 may trigger a 
shutdown of motor 207 upon detection of a fault condition, or safety issue M gas reekcolatkm 
system 21)0. For example, valve 235 will close if valve 235 and output tubing 225 are 

disconnected torn output trocar 215, Closing valve 235 will cause recirculation pimp 205 
to pall, suction on a closed Mm, which will force recirculation pimp 205 to work, harder ami 
motor 20? to draw more power in order to maintain its proper speed. The increase in power 
drawn by motor 207 may result m a fault condition if tbe voltage or current increase is above 
a predetermined valise. Upon detection, of the- fault condition caused by disconnecting valve 
23S from output trocar 2 I S, eontrolfer 240 may trigger recirculation pomp 205 to shot down. 
Similarly, valve 236 will close if valve: 236 and Input tubing 220 are disconnected from input 
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trocar 2.1 CI Closing valve .236 will cause .recirculation pump 205 to pump against a dosed 
tube or "'dead head*" which will force recirculation pump 295 to work harder and motor 20? 
to draw more power in oilier to maintain Its proper speed. The increase in power drawn fey 
motor 2:07 .may result m a fault condition if fee voltage or eurrswt increase is above a 
predetermined value. Upon detection of the fori! condition caused fey disconnecting valve 
236 from input trocar .21 &, controller .240 may trigger recirculation pump 205 to sfeut down. 
Accordingly, gas recirculation system 200 may mooter the status of output tubing 225 atid 
kpat tubing 220 by using controller 240 to monitor motor 207, 
[00461 In. a similar manner, gas recirculation system 200 may monitor the connection 
stales of input trocar 210 and output trocar 215 with fee peritoneal cavity . Removing taps* 
trocar 210 or output trocar 2.15 from the peritonea! cavity will affect the operation of 
recirculation. pump 205 and .motor 207 by changing the pressure of the suction source or 
discharge source of recirculation pump. Controller 240 amy detect the change in operation 
of tbe motor 207 aad determine that input trocar 2 Ml or output trocar 215 lias been removed 
Iran the peritoneal cavity. For example, removing input trocar 210 from fee peritoneal 
cavity would decrease the power respired tor motor 207 to maintain the same speed because 
recirculation pump 205 would no longer be pumping to overcome the intraperitoneal 
pressure. Controller 240 may detect the decreased power drawn, fey motor 207 and determine 
that input trocar 210 has been disconnected from the peritoneal cavity; Controller 240 may 

then trigger recifculalion pump 205 to shutdown to prevent gas from the peritoneal cavity 
entering fee ambient environment. 
I«047| Oas recirculation system 200 may include a user interface 245, such as a 

computer, to allow an operator to determine or confirm the status of gas recirculation system 
200. For example* if controller 240 shots down, recirculation pump 2115 because valve 235 is 
disconnected from .output trocar 21.5, user interface 24S may display that recirculation pump 
205 is shut down and that the likely cause is output tubing 225 being disconnected from 
output trocar 215, Aa operator may confirm that output tubing 225 is disconnected Horn 
output trocar 2 I S and reconnect it. m order to restart recirculation pump 205, Similarly, an 
operator may determine if other fee It conditions have occurred* such, as blockage, excessive 
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restrietton hi the gas path, or a leakage in the gas path, such as disconnected or damaged 
tubing, 
j'0ft48| Referring to FIG. 3 and FIG, 4, aa embodiment of a. cartridge 306 used ra a 
fwiresiJaiion pomp is shown. Cartridge 306 may be used in a recireuMisti pump susl* m 
redreMMina pump 205 described ia relation to FIG. 2. FIG. 3 and FIG.. 4 show a partial 
crass-sectional view of cartridge 306. Arrows showing the ps flow path are Included m 
order to better describe the operation o f cartridge 30$, Cartridge 306 melpdes eoraeetkm 
350 to output tubing, mch as oulput tubing 225 m FIG, 2, that may 'be cornered to a. 
peritonea! €avity;. Cartridge 306 includes connection 352 to input tubing, such m input 
tubing 220 in FIG. 2, that may be connected to a peritoneal cavity. 

mm Gas from the peritoaeai cavity enters cartridge 306 through wnnedioa 350, as 
shown by the arrow in FIG. 3, Cartridge 306 may include valves. 354 and .360, The gas 
travels into cartridge 306 through valve 354 into diaphragm chamber 356, as. shown by the 
arrow in FIG, 3, The gas travels out of cartridge 306 from diaphragm chamber 356 through 
valve 360, as shown by the arrow in FIG, 4 (discussed below). Valves 354 and 360 may be 
umbrella valves, The diameter of the gas. opening 362 through valves 354 and. 360 may be 
between 0,05 inehes and 0.15 inches and may be preferably a diameter of 0, OSS tadh.es. The 
gas openings 362 may include more than, one concentric opening, such that the combined 
area of the gas openings 362 may be sized to permit flow rates within a range of 4 liters per 

minute up to 10 liters per minute asd a preferred range of 7 to 8 liters per minute. Although 
How rates of 4 --- 10 liters per mkruie are an acceptable flow range, higher or lower flow rates 
can he achieved by enlarging or reducing the ske of the cartridge, increasing or decreasing 

the motor stroke length to change the volume created within the diaphragm cavi ty, or by 
increasing the speed of the motor, 
P§5§1 Cartridge 306 may include a diaphragm 358 in diaphragm chamber 356, 
Movement of diaphragm 358 away from valves 354 and 360 opens valve 354 and draws gas 
through valve 354 into diaphragm chamber 356, as shown by the .arrow in FIG:. 3, Valve 354 
may be pulled open, when diaphragm 358 moves away from valves 354 and .360,. whieh may 
draw gas from, the peritoneal cavity, through, output tubing and into: diaphragm chamber 356, 
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as shown by the arrow in FIG, 3. Valve 360 may be pulled closed when diaphragm 358 
moves away from valves 354 and 36% which may prevent.gas fern exiting or entering 
diaphragm chamber 356 through valve 360. 
[OAS 1| Movement. of diaphragm 358 toward valves 354 and 360 opens valve 360 and 
pushes gas from diaphragm chamber 356, through valve 360 and ont of cartridge 306 
through connection 352, as shown by the arrows in FIG. 4, Movement of diaphragm 358 
toward valves 354 and 360 closes valve 354, which .may prevent pushing gas out of 
diaphragm chamber 356 through connection 350, Reciprocal .movement of diaphragm 358 
toward and away from valves 354 and 360 draws gas from the peritonei cavity, through my 
filter or Ikpid trap in the output tubing, -and pushes gas back into the peritonea! cavity 
through the input tnbiftg. 
[00521 FIGS. .5-7 show other example embodiments of cartridges for use tn a gas 
recirculation pump, such as recirculation pump 205 described in relation to Pill, 2- The 

components and operational character!sties of the cartridges shown in FIGS, 5-7 may be 
similar to cartridge 306, described above, 
P#53| FIG., 5A shows m. exploded view of cartridge 506, Cartridge- 506 includes 
connections 550, 552, valves 554,560, diaphragm 55S, and phmger 564., Valves 5.54, 560 
may be umbrella valves, Comtectton 550 may be the gas inlet into cartridge 506. 
Connection 552 may be the gas outlet from cartridge 506, Plunger 564 may move diaphragm 
558 toward valves 554, 560 in order to recirculate gas through the peritoneal cavity, as 
described, above in reference to FIGS. 3 and 4. 
[99541 FIGv SB stows a non-exploded perspective view of cartridge 506. FIG. SC shows 

a from view of cartridge ^06, FIG. 5D shows a side view of cartridge 506, 
[0O55| FIG, 6A shows an exploded view of cartridge 6'06. Cartridge 606 includes 
connections 650,652, valves 654,660, diaphragm 658, and plunger 664, Valves 654,660 
may be umbrella valves. Connection 650 may he tbe gas inlet into cartridge 606. 
Connection 652 may be the gas outlet from cartridge 606, Plunger 664 may move diaphragm. 
658 toward valves 654, 660 in. order to recirculate gas through the peritoneal, cavity, as 
described above la reference to FIGS. 3 and 4, 
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[OOSfi] FIG- 6B shows anon-exploded perspective view of cartridge 606. FIG. 6€ shows 
a. feat view of cartridge #06 with exemplary dimensions. FIG. 6D shows a side view of 
cartridge #06 with exemplary dimensions. The dimensions and orientations of the 
components of cartridge 606 may vary dependi ng on operational tequirements, 
[CMftSTJ FIG., 7 shows multiple views of the gas mtettontlet section of cartridge 706.. FIG.. 
7A shows a perspective view of the gas iaiei/outlet section of cartridge 706. FIG, 78 is a 
iront view of the gas irdet/ootlet section of cartridge 706. FIG. 70 is a bottom view of the 
gas kkt/ootkt section of cartridge 706 with exemplary dimensions, FI®, TD is a side view 
of the ps Inkt/outlei section of cartridge 706, FIG., 7E is a back view of the gas Mei/oiitlet 
action of cartridge 706 with exemplary dimensions, FIG, 7F is a side cross-sectional view 
of the gas inkt/oiMlei section, of cartridge 706 wife exemplary dimensions. FIG. 70 Is 
another side cress-section vi e w of the gas inlet/outlet section of cartridge 706 with 
exemplary dimensions. FIG. 7H h bottom cross-section view of the gas Met/endet section 
of cartridge 706. The dimensions and orientations of th e components of cartridge 706 may 
varv depending oo operational requirements. 
P#5S| Referring to FIG, 8S m. embodiment of a reckctttetiai. pnmp 805 is shown,. 
Recirculation pump 805 may include a cartridge 806, a motor 807, a crank assembly 866, 
locking, arms 868* and a cartridge holder 870, The components and operational 
characteristics of recirculation pump 805 may he similar to recirculation pump 3 I)S, 

described above,. Motor $07 may be connected to crank assembly 866 through a mechanical 
cooping. Motor 807 may provide rotational, motion lo crank assembly 866. Crank, assembly 
866 may convert the rotational motion to a reciprocal motion. The reciprocal motion of 

eras! assembly E66 may move a diapkagm within cartridge 806, as described above with 
reference to PIG, 3. FIG. $A. shows cartridge $0.6 detached from recirculation pump 805. 
Cartridge 806 may be detached from recirculation pump 805 in order to sterilise or dispose 
of cartridge 806. Because cartridge 806 may be the only component of recirculation pomp 

80S that comes in contact with gas from a patient's peritoneal cavity, the remaining 
components of reelrenktioa pump 105 may be reused with a different patient without risking 
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patient safety. Cartridge 806 may be stmlfeed or disposed of after use with a patimt and a 
new cartridge 806 may be inserted into recirculation pump 805 for tbe next patient. 
[00591 FIG, 8B stews cartridge 896 inserted into cartridge holder 876 of recirculation 
pump 80:S, Cartridge 806 may be secured within reelrculaiian pump 80S wills locking arms 
B6S, Locking arms 868 .may include protrusions 872 designed to fa within recesses 874 
located in cartridge 80b, Protrusions 872 may be best -seen in. FIG. 8.D, Recesses 874 may 
be best seen tn FIG. EC. Cartridge 806 may be secured within cartridge holder 870 when 
protrusions 872 are placed m recesses 874, as shown in FIG, 8F, Cartridge 806 may be 
released from cartridge holder 870 by depressing die ends of locking arms 861 and then 
lilting cartridge 806 from cartridge holder 870. Tbe method of securing and releteiftg 
cartridge 84)6 from reeircuktion pump 80S may vary depending on. operational requirements* 
[lliiiij Referring to FIG, 9, an. embodiment of a gas .recirculation system 900 is sfeo\m 
Gas recirculation system 900 may include similar components and operating characteristics 

as the gas recirculation systems described in FIGS, I~<L Gas reeitOTlatioo system 900 may 
kJacte recirculation pump 905, pomp cartridge 906, motor 907, mpnt trocar 910, output 
trocar 91.5, valves- 935 and 936, fluid trap 930, filter 932, controller 940, user Interfaee 945, 
and power supply 976. Controller 940 may include DC motor control circuitry 978 and 
processor circuitry 980, User interface 945 may include a computer with software, such as 
Lab¥iew€:> to control some or all components of gas recirculation system: 90(1, 

[00611 Gas recirculation system 900 may monitor tbe load placed on motor §07 in order 
to detect .faults or safety issnes with gas recirculation system 900, The load. on. motor 907 
may be monitored by measuring tbe curreM change across a resistor located in tbe power 

patb of motor 907, such as by couoeeting the resistor to m. A~P converter to measure tbe 
current The current wlli change as the load on motor 907 changes, Tbe current 
measurement may he measured in real time or may include a delay, A change in current 
above or below a predetermined value may indicate that gas recirculation system 900 has a 

fault or safety issue and may initiate a sbuidown of recirculation pump 905. Software may 
be included, lot example in controller 940, to sense a change in current and to initiate a 
shutdown of motor 907, 
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[CMN&f The predetermined value of current that defines when a fault or safety issue occurs 
may be based: on an average current when gas recirculation: system 900 is operating 
normally, A current; measurement above the .average value may indicate a Bad! or safety 
condition, ssich as a disconnected valve 935 or 936 or an occlusion m the tubing connecting" 
recirculation pump 905 to a patient's peritoneal cavity. For example, if tbe average current 
measured while -maim 90? was driving a diaphragm in cartridge 906 during normal operation 

was 03AS a measured current of 0.4A may indicate an occlusion m tbe tnbmg connecting 
^circulations pump 905 to the packet's peritoneal cavity and a. measured current of Q,5A .may 
indicate one of valves 935 or 93 6 west; .disconnected. Other methods or statistics eonld.be 
used to define when a fault or safety condition occurs, such as by using a variance of 
measured currents or a comparison against a stared time template or .frequency template. 
Additionally or alternatively, a processor m controller 940 may be capable of a Fast Fourier 
Transform to analyze the frequency content of the current measurement signal 
[ilM3| Interface MI between pump cartridge 906- and motor 907 may be a niecfeanlea! 
interface. Interlace MI may be designed to operate adequately for continuous periods of 
time greater than the length of time gas recircnlatton. system is used dorlng a surgical 
procedure. For example, if t be i»Mimum length of time for-a surgical procedure Is four 
hours, interface M1 maybe designed to operate continuously without error for eight hours. 
[0W4| The speed of motor 907 may be specified to allow the delivery ofCOg. gas at a rate 

of seveo liters per minute, A motor suitable for motor 907 may include a Moog# brand high 
speed motor. The key operating parameters for motor 907 may be the torqite, speed, and 
lay it conditions. The operating current of motor 907 may be specified in several ways, such 

as the normal operating current the fault e»«reat, the inflate state current., and the deflate 
state current. These current values may be used to define when motor 907 should he 
shotdown due to a fault or safety condition* 
\mh$i Merfeoe El is between motor 907 and DC motor control circuitry 978. There: 
may be eight li nes ia interlace E1. The eight lines may include a line for each of the three 
drive phases of .motor 907, a line each for three hall sensor pickups, a .line to power the ball. 
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sensor*, and a line far a ground. These eight lines may be common to multiple motor 
manufacturers. 
|O0O6| Interface E3 is between DC motor control cfrahiry 978 and processor circuitry 
980. These may be multiple lines In this interfere depending on the method af speed control 
and feedback. 
i«ei Tbe speed of motor 907 may he controlled using two methods; voltage and digital 

control of {fee motor. The first method using voltage control would result m lie processor 
circuitry 980 sending. a voltage to tbe control circuitry 978 via a potentiometer or pulse width 
modulated signal For mlereuce, in this method the full speed, of motor 907 .may be reached 
by having the processor circuitry 980 provide the voltage of 3.25V to the motor control 
circuitry. The second method would involve is the processor circuitry 980 sending a digital 
signal to the .motor control circuitry 978. 
(06681 Gas recirculation system 900 may detect two fault states that are recoverable, such, 
as the inflate fault state arid the deflate fault state. Other fault states may occur that are not 
recoverable, such as a problem with motor 907> The Mate fault state may fee when the ps 
circuit: oa the suction side of gas recircuMou pump 905 is brakes, such. flat ambient air Is 
drawn into gas recirculation system 900. for example if valve 935 is disconnected from 
output trocar 91.5, Such a state is named "inflate" because recirculation pnmp 905 may 
inflate the patieof s peritonea! cavity with ambient air if recirculation pump §05 is HO! 

shutdown. An. alternative to shotting down recirculation pump 903 if an Mate feult state 
occurs may be to reduce the gas flow through, recirculation putnp 90S to a small amount in. 
order to minimize the amount of ambient air pumped, into the peritoneal cavity. The deflate 

fault state may he whets the gas eircuit oo the discharge side of gar recirculation pump 905 Is 
broken such that gas from the peritoneal cavity is pumped into the ambient environment, for 
example if valve 936 is disconnected from input trocar 910, Such a state is named, "deflate" 
because the peritonea! cavity may begin to deflate: due to the loss of gas from gas 

recirculation system 900, A deflate fault state may cause the activation ofaa insufflator 
connected to the peritoneal cavity in order to maintain a desired inflation level or pressure in 
the peritoneal cavity. 
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GM recirculation system 900 may he coBtmll.ec! through user interface 945, User 
interface 945 may be located in gas recirculation system 900 said/or in a computer connected 
to gas rerireulatioo system 900, User interface my be roalliimode interface which rosy be 
controlled. by software, such as LabView#. The 'fet mode may bo Output arid the second 
mode may he Control. la Output mode, the processor in controller 940 may output 
information regarding monitoring motor 907, Such m&rnMkm may include motor speed 
(RPM),. current tmA), voltage (V}s and motor state* 
[007®| Referring to FIG, 1(1, m embodiment of a gas recifcaktte system 1000 is shown. 
Gas recirculation system 100© stay include similar compoMfits arid operating characteristics, 
as the gas. reeireulatl&R. systems described in FIGS. ! -9:=. Gas redreulatioo system ! 000 may 
include a magnetic coupling between the diaphragm actuator 1081 and. the motor coupling 
arm 1082 such. that w.hea the pump cartridge ! 006 Is inserted into position, a magaet on the 
diaphragm actuator 1081 is drawn to a magnet on tbe motor coup ling, arm 1082 , Once the 

magnets are drawa together, the diaphragm actuator I0S1 will follow the .motor coupling arm 
1082 up and down, causing pumping action in the pump cartridge 1.006 las discussed above), 
as the mow coupling arm .1.082 up and down, The magnetic coupling may be an 
electromagnet that is eye led on and o ff to create and re lease tbe eoiipli ng between the 
diaphragm actuator 108.1. and the motor coupling, arm 10B2f such as for removal of the pump 
cartridge 1006, Alternatively* tbe magne& coupling may be a uon-eieciromagiset. FIG, IDA. 
shows the pump cartridge 1006 with a magaet on the diaphragm actuator 1081 before if is 
inserted, and coupled to tbe motor coupling arm .1082, FIG, 1 OB shows the pump cartridge 
1006 alter it k inserted and. the diaphragm actuator .1.08! Is magnetically coupled to the 

motor eeuplteg arm 1.0S3, 
mm Alternatively, rather than, using a motor with. a. crank arm to move the diaphragm 
actuator 1.081 up tad down, an oscillating magnetic field could be used, to move a magnet 
attached to or embedded in the diaphragm actuator 1081 in order to move the diaphragm, 

actuator 1081 up m& down and create a pumping action in the pump cartridge 1006, 
Additionally or alternatively, a spring located within the pump cartridge 1006 could provide 
upward motion of ihe diaphragm, while a motor with a. crank arm could provide the 
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downward .motion. Such an. arrangement may eliminate the-need to couple the diaphragm 
with, fee motor crank arm. 
[00721 FIG, 11 discloses aa embodiment' ofv&hres connecting the input and output tubing 
to Iroears, such as valves 135,235,236, 935, and 936, Valve ! 135 in FIG. 1.1 may include- a 
rotatahle collar wit.1i a .movable- section,, such thai when the valve 1135 is firmly connected, 
the valve 1135 is open to allow gas. Sow and when disconnected prevents gas flow. FIG. 

1 IA shows an exploded view of valve 11,35, which may include a male fuel* lock fitting .1137 
that joins with a female fner fitting (not shown) and rotates to allow gas flow. Valve 1135 
may also hcIiuJe a sleeve aiid tohmg connection ! 1,38 to eornect to input or output t«Mng* 
as o-mg to prevent leakage, and a part to hold the remaking components- in place. FIG. 
1 IB shows an end. view of valve 1135 and FIG, 11C shows a side view of valve 1135. FIGS,, 
i ID, 1IE* and I IF stow section views of valve 11,35. FIG. i IF stows tabs 1.139 Sinai 
prevent o ver-rotation of the male bier lock i 13? fitting portion of valve 1135. 

(IMI73J FIG, 12 discloses a sectional view of valve .1135 in the open flow ec>n%urst'bn> 
The arrows k. FIG . 12 disclose tbe gas flow path through valve 1135 when male luer lock 
fifing j. 137 is rotated to allow gas flow. When valve 1135 Is connected to a trocar, the male 
luer lock fitting 1137 rotates inside a stationary sleeve 1138, aligning openings w the male 
ker lock fitting 113? with openings in ihe sleeve i 138 and allowing gas to pas's through. 
When the valve 1135 is disconnected, the openings become misaligned and block the flow 
of gas, 
imi4i FIG.. .1.3 discloses a sectional view of valve 1.1.35 in the closed flow configuration. 
Tbe arrows hi FIG. L3 disclose the gas flow path stopping in valve 1135 when male tar lock 

fitting 1137 is restated to prevent fluid flow. 
FIG, .1.4 discloses an embodiment of a gas xecircokdon system l.40il. Gas 

recirculation system .1.400 may include similar components and operating characteristics as 
the gas recirculation systems described in FIGS. 1-13. Gas .recirculation system 1400 may 
include -a bypass valve 1483 that is located between output tubing 1425 and input tubing 
1420, Arrows located .in FIG, 14 may show the gas flow paths. Bypass valve may be 
normally closed such, that there is no gas flow path between output tubing 1425 and input 



WO 2017/004490 PCT/US2016/040642 

•49-

tubing 1420, When bypass valve 1.483 is open It may create a gas Sow path from input 
tubing 1420 to output, tubing 1425 as shown by the arrows in FIG, 14,. The gas flow path 
from input tubing 1420 to output tubing 1425 may create a eireai&tisg gas loop around the 
pump cartridge .1406 that may limit the dawrtsire-am pressure thai: can be generaled during the 
pumping cycle,. For example, opeaiug bypass valve 1483 may divert a portion of fee gas 
flow ftom the pump cartridge 1406 into the output tubtag I425f which may prevent a 
pressure increase downstream of bypass valve 1.483, Bypass valve 1483 may he a one-way 
pressure relieve valve, such as a Mkivatve or a Malke^Rabem# valve, such as a Duck Bill, 
val ve or-a Spring Loaded valve . Bypass valve 1483 can be selected to opes automatically 

based on the pressure present at the Inlet side of bypass valve I4S3, or at another location 
downstream of pump cartridge 1406. For example, bypass valve 1.483 ears be selected to 
open at a pressure as low as (1,1 psi to a pressure bigger than 10 psi, depending oa t.te 
application.. It may be preferred that bypass valve 1483 open when the pressure is 
^proximately k the range of 0,15 psi to 0,55 psi. 
mm FIG., 15 discloses ait embodiment of a njoisture trap, such as moisture traps 13(1, 
230, and 930> Moisture trap 1530 m FIG, 15 may be located, in the output tubing (not 
shows) where gas flows from the patient: to the recirculation pump (not shows), as shown by 
the arrows in FIG, 15R, FIG, I SB shows a section view of .moisture trap 1530 that includes 
tube 1584 that extends within moisture trap 1530, Tube 1584 begins-at ihe gas inlet side of 

moisture trap 1530: and may extend toward the outlet of moisture trap 1530,. but may not 
eontact the outlet of moisture trap 1530 such that there is a gap between the end of tube .1584 
and. the outlet of moisture trap 1530, The gap may allow liquid located within the gas to mis 

out before the gas reaches, the outlet of moisture trap ! 530. The litpld that k removed torn 
ihe gas may collect within moisture trap 1530, The s-iste erf the gap between the end of tube 
1584 and the outlet of moisture trap 1530 may be varied based on. the application. For 
example, applications with higher gas velocities may requite- a larger gap to allow the liquid 

i» the gas to rain out, whereas applications with relatively lo wer gas velocities may require a 
smaller gap to- allow the liquid in the gas to min. out. Moisture- trap J 536 may .not irtelude 
absorbent media to collect the liquid within moisture trap 1530. Moisture trap 1530* and lis 
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components, may be coiistrueted of any suitable material to lie in contact witli liquid* such as 
plastic or metal, 
\m?7i FIG, 16 discloses another embodiment of a moistoe tra p, such as moisture traps 
130,230,938, and 1530, Moisture teap 1©0 in Fit}, .16 may be located m tbe input tubing 
(not shown) wh« gas flows lorn ihe .reciraiktion pump (not shown) to the patient, as 
shown by the arrows m .FIG, 1611 FIG. I6B shows a section view of moisture trap 1630 thai 

includes input tube 1685 and output tube .1685 that both extend within moisture trap 1630, 
input tube 1.684 begins at the gas Met side of moisture trap 1630 and may extern! toward the 
outlet of tnaktore trap 163(1 Output tube 1685 begins M the gas outlet side of moisture trap 
1630 and may extend toward the inlet of moisture imp 1630. Input tube 1684 and output 
tube 1685 may extend past each oilier within moisture trap 1630, creating an overlap as 
shown in PIG, 16.8, such that gas entering moisture top 1630 from inlet tube 1.684 cannot 
flow directly into output tube 1.685 without first flowing through the interior of moisture trap 

1630, FIG. !6B shows that inlet tube 1684 and outlet tube 16BS may include bends such that 
portions of the tubes overlap white the inlet of Met tube J.6B4 and tbe outlet of outlet tube 
1685 remain asially aligned Liquid within the gm way rak out while it h Sowing through 
the Interior of moisture trap 1630 and before it flows out of moisture trap 1630 through 
output tube 1685. The liquid that is removed -from tbe gas may collect within moisture trap 
1630, Moisture trap 1630 may not include absorbent media to collect the liquid within 
moisture trap 1630. Moisture trap 1630, and Its components, may be constructed of any 
suitable material to be in contact wi th liquid, such as plastic or metal 

.FlOv 1.7 discloses an embodiment. a gas recirculation system !7C)0. Gas 

recirculation system 17(10 may include similar components and operating characteristics as 
the gas recirculation systems described in FIGS, M6. Gas recirculation system 1700 may 
include recirculation pump enclosure 1786 that houses some of tbe components of gas 
recirculation system 1700, such as a recirculation pump 1705, pomp cartridge 1706, motor 

1707, controller 1740, user interface 1745, power supply 1776, DC motor control circuitry 
1778, and processor circuitry 1780. 
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(0ft7$| FIG, 1.7 A discloses gas recirculation system I7CKI with the cartridge door open 
showing pit Rip cartridge 1706 installed inside enclosure 1.786, FIG, I7C is a detailed section 
view of gag recirculation system 171)0 showing' fe pump cartridge looking'mechanism I7S7, 
Pomp cartridge locking mechanism 1717 may include spring; 1788 wills ball 1789 located -at 
one end of spring 17&S, Spring 1788 may e&eri force on pump cartridge 1706 through ball 
1789, which may lock pomp cartridge 1706 within enclosure 1786, Alternatively, spring 

178$ may exert force directly on pump cartridge 171)6 without Wl 1789, 
[0O86J FIG, ISA is a perspective view of gas recirctdatiou system 1700 with pump 
earirklp! 1706 m a pre4nseftion positio.0, FIG. I8B is a perspective view of gas 
redrew latioo system 1700 with pomp cartridge 1706 installed in eaclosure .1786, 
P0S1 j FIG. 19A is a perspective view of gas recirculation system 1700 with the cartridge 
door closed. FIG. 19B is a perspective view of gas recirculation system. 170# with the 
cartridge door open and without pump cartridge 1706. 

(IMI82J FIG, 20 discloses views of gas recirculation system I. 7CM) with the cartridge door 
closed. The dhnsnshns shown in FIG, 20 are exemplary and may be modified based on the 
applieatioB of gas leelrcukitjon system 1700. 
[O083| FIG, 21 discloses an embodiment a gas recirculation system 2100. Gas. 
rectrculMicm system 2100 may Include similar components and- operating characteristics as 
the gas recirculation systems described in FIGS, 1-20, Gas recirculation system 2100 may 

include pump cartridge 2106 with 3. coded connector 2190. Connector 2190 may 'be 
described m U,S, Patent. No. 9,283334,. which is hereby Ineotpomed by reference. 
Connector 2190 may be able to identify if the correct pump cartridge 2106 is connected to 

reeiretilatloo pump 2105s If pump cartridge 2106 has beers nsed previously, or to select and 
set gas recirculation system 2100 to operate according to special settings such as How .rates, 
FIGS, 21A - 21H show perspective views of pump cartridge 2106 with connector 21.90, 
[00841 FIG, 22 discloses an embodiment: a gas recitcnlation system 2200, Gas 

iwirculatiee sy stem 2200 may include similar components and operating characteristics as 
the gas recirculation systems described, in FIGS, 1-2.1, Gas recirciilation. system 2200 may 
include components that allow the pump cartridge 2206 foot shown) to be coupled with the 
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motor coupling ami 2282 k a 4%l.mdT manner,. such that a user may insert the pump 
cartridge 2206 info the gas iteirculatioa system enclosure 2286 (not showri) without knowing 
the exact l ocalism of the motor coupling arm 2282 and withouii^&ding over to look inside 
enclosure 228.6 to see the location; of the motor coupling arm 2282. FIG. 22A shows a 
coupling shaft 2291 extending from the trout of the motor coupling arm 228.2, Coupling 
shall 2291. may include a tapered end portion to aid insertion of the coupling shaft, 2391 into 

the corresponding opening k diaphragm actuator 2281 (not shown k FIG,. 22, shown k 
FIGS, 5„ 6» 8, m4 21)» Diaphragm actuM-or 22S I. may toe We a correspndkg tapered 
opening (as shown In FIG, 21). A locating pin 2292 may extend front the hack of the mote? 
coupling arm 2282, Locating pin 2292 may fit within locating slot 2293, FIG. 228 shows a 
detail, view of die coupling shall 2291 and locating: pin 2292 extending from the motor 
coupling arm 2282, Locating slot 2293 may be found in. the mount for motor 2207 or other 
stationary portion of enclosure 2286, Locating pie 2292 will move up and down in locating 

slot 2293 as motor 220? causes motor coupling: arm 3282 to move up and down, Locating 
slot 2293 will .restrict the side to side motion, of locating fan 2292* Because locating pin. 
2292 is connected with motor coupling arm 2282* the restricted side to side motion of 
locating pin 2:292 will ensure that motor coupling arm 2282 and. coupling shaft 2291 remain 
k approximately the same-vertical plane regardless of where motor coupling aim 2282 is 
located wtei motor 2207 stops.. Accordingly,, a user may easily insert pump cartridge 2206 

into enclosure 2286 and couple diaphragm: actuator 228.1 with motor coupling arts 2282. 
fiigSJ FIG. 23 discloses views of portions of gas recirculation, system 2200, FIG, 23A 
sho ws a front view of the mount for motor 2207 and motor coupling arm 2282, with coupling 

shaft 2291. FIG. 23B shows a section side view of the mount for motor 220? along with 
motor 2207, coupling shaft 229.1*and locating pin 2292, FIG, 23C shows a detail view of 
coupling shaft 2291 and locating pin 2292 found on. the front and hack, respectively,, of 
motor coupling ami 2282, FIG., 23D shows a side view of the mount for motor 2207 along 
with motor 229? and locating pin 2292 as It extends through locating slot 2293. FIG. 23E 
sho ws a hack, view of the mount, for motor 2207 along with, motor 220? and. locating pin 
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2:292 as It- extends through locating slot 2293, FIG, 23F shows a detail, back view of locating 
pin 2292 as it extends & rough l ocating slot 2293. 
[0086] FIG, 24 discloses aa embodiment a gas recirculation system 2400, (Jas 

twiresilaiion system 2400 may include similar components and operating characteristics as 
the gas recirculation systems described in FIGS. 1-23, Gas recircu1atk>a. system 24(H) may 
include components to evacuate COj gas from a patient's peritoneal cavity after laparoscopic 

surgery h completed. Typically, when, laparoscopic surgery Is completed* a tuer connection 
on s trocar that inserted into the patient is opened, which, allows €0^ gas from within a 
patieof S peritoneal cavity to escape into the operating room. Undesirably, the escaping C03 

gas Is not filtered and may contain aerosolized chemicals, particles, bacteria, etc. that 
remains from the operative procedure. 
{9687! Gas recirculation system 2400 may include three-way valve 2494 located in input 
tubing. 2420, Input tubing 2420 flows to the patient FIG, 24A shows that: throe-way valve 

2494 may be located downstream, of filter 2432 so that any gas flowing through three»way 
valve 2494 has already had impurities littered out FIG, 24B. k a detail view of gas 
recirculation system 2400 showing three-way valve 2494. input tubing 2420, output mbittg 
2425, and filter 2432. At tlie end of a surgical procedure, 'before the recirculation tubing 
2420,2425 h removed and. while tbe recirculation pump 2405 is still operating, three-way 
valve 2494 may be configured to prevent gas How to the patient and to allow gas flow to the 

operating room. In this roartner, the recirculation pump 2403 will pump out the C03 gas 
from within the patient's peritoneal cavity with, filter 2432 preventing .any coniarnirialion 
from leaving the patient. Utilizing three-way valve 2494 to allow gas flow to the operating 

room, rather than simply disconnecting input tubing 2420 from the patient, ensures that the 
only gas from the patient entering the operating room Is filtered through filter 2432 first by 
maintaining all the gas eontteetkms with the patient that existed doting the surgical 
procedure. Utilizing three-way valve .2494 to remove the C03 gas from the patient may 
reduce the risk: to operating room staff without repairing an additional means for Insuring the 
cleanliness of the escaping COj gas. 
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i0088f FIG, 25 shows three-way valve 2494 isolated from input tubing. 2420. Three-way 
val ve 2494 may include two in-line barbed, fittings 2495 to connect with input tubing 2420, 
Three-way valve 2494 rosy also include a female luer connection 2496 oriented 
perpendicularly to the two in-line barbed fittings 2495.. The female luer connection 2496 
may be used, for pressure relief purposes, such as to release CO? gas into the operating room. 
Three-way valve 2494 may also include a stopcock 2497 that rotates to adjust tbe open How 

path of three* way valve 2494. As shown in FIG, 25, the closed flow path through three-way 
valve 2494 is indicated by the "OFF" portion of stopcock 2497. FIG, 25A stews three-way 
valve 2494 configured to allow gas flow through the two in-line baited fittings 2495, which, 
rosy be connected with input tubing 2420 leading: to the patient, FIG, 25A may be the 
configuration ttsed during recirculation liroetiou. The configuration of three-way valve 24§4 
in PIG. 25A may prevent gas from being released into the operating room, FIG, 25B shows 
three-way valve 2494 configured to allow gas flow out through the female luer connection 
2496 and into the operating room. FIG. 25B may he the configuration used at the end of the 
surgical procedure when gas is being evacuated from the patient The configuration of three-
way valve 2494 m FIG. 25B may prevent gas flowing to lite patient. 
[00891 While various embodiments of the invention have been described, it will be 
apparent to those of ordinary skill in the art that many more embodiments and 
implementations are possible within the scope of the invention. The elements of tbe various 
embodiments disclosed rosy be combined arid adapted to create a system with some or all of 
the operating characteristics and advantages of the embodiments, Any sach combinations 
are herein disclosed in this application. 
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CLAIMS 

1. A gas necircuialion system tor use In an endoscopic surgical procedure^ the 

system comprising: 

a pump comprising: 

a motor; and 

a pump cartridge coupled. to the motor, wherein. the pump cartridge 
includes a gas input connection and a gas output connection, wherein the 
pump cartridge is cfetachaMe from the motor, and wherein tbe pump cartridge 
h sealed such that a gas w.i?hk tbe pump cartridge cannot contact the motor; 

a first tube in Enid communication with the gas input connection, wherein the 
first tube Is configured to be connectable to surgical equipment that is insertabie into a 
peritoaeal cavity; and 

a second tube in fluid communication with, the gas output conn@cti.on, wherein 

the second tube is configured to fee connectable to surgical equipment that is 
intertable into a peritonea! cavity; 

wherein the pump is configured to draw gas into the gas input connection torn 
a peritoneal cavity through the first tube and to discharge gas out of the gas output 
connection and into a peritoneal cavity through the second tube. 

2, The gas recirculation system of claim 1* further comprising a first valve is 
fluid communication with the gas input, connection and a second valve in fluid 

communication with the gas output connection, wherein the first valve prevents- gas exiting 
tbe pomp cartridge via the gas input connection and wherein the second val ve prevents gas 
entering the pump cartridge via the pis output connection, 

3,. The gas recirculation system of claim I, wherein the pump cartridge includes a 
&st chamber in fluid. communication with the gas input connection and a second chamber in 

mailto:conn@cti.on
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fkikt communication wife the gas output connection, wherein a diaphragm is disposed 
between the first chamber and the second chamber, 

4, The gas recirculation system of claim 3, wtisrem tbe diaphragm w operable to 
shift from a firs!" position to a second position in order to draw a gas into the pomp cartridge 

through the gas input connection and discharge gas out of the pump cartridge through, the gas 
output: connection* 

5, The gas recirculation system of claim J, wherein the pump cartridge is 
disposable, 

6, The gas recirculation system of claim 1,. further comprising a third valve so 
fluid communication with the gas input connection through the first tube and a fourth valve 
m fluid communication with, the gas output connection through the second tube, wherein the 

third and fourth valves automatically close when disconnected, 

7, The gas recirculation system of claim 1, tether comprising a filter in .fluid 
comnjunicatton with the gas input connection: or the gas output connection. 

8, The gas recirculation system, of claim L tether ccmiprtsitig a ink! trap m fluid 
communication with the gas input connection or the gas output connection, 

9, The gas recirculation system of claim §> wherein the Ited trap is operable to 
absorb liquid droplets from a gas traversing the -fluid trap and release moisture to the gas 
traversing the fluid trap. 

1.0, The gas recirculation system of claim. 9, wherein the gas traversing the fl uid 
trap maintains a relative humidity in the range of 50% to 70%, 

I i. The gas recirculation system of claim. 1,. wherein the system is operable to 

achieve gas flow rates in. the -range of 4 and 1.0 liters per minute. 

1.2, The gas recirculation system of claim I, further comprising a. controller, 
wherein the controller is operable to detect a fault condition based on an amount of power 
delivered to the motor. 
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13. The gas redrew! allots system, of claim I:2; wherein the fault condition is 
selected from the group consisting of: 

a disconnection in a gas circuit within the gas recirculation system; 

a blockage m a gas circuit within the gas recirculation system; 

a motor fault 

14. The gas recirculation system of claim 12, farther comprising a user interface 
connected to the controller, 

1.5. The gas recirculation system of claim .!, configured to communicate with an 
insufflator, 

16. The gas recirculation system of claim .15, wherein the gas recirculation system 
is configured to be controlled by the msufflstor, 

17. The gas recirculation system of claim 1, wherein the gas recirculation system 
is located within and insufflator and utilizes a power supply, a processor, and a user interface 
of the insufflator. 

18. The gas recirculation system of claim 1, wherein the motor has a rotaiable 

motor shaft, the gas recirculation system further comprising: 

a coupling ami rotatably coupled to the motor shall; 

a coupling shaft, extending from the coupling arm; 

a locating pin extending from the coupling arm, wherein the locating pin is 
configured to move within a slot as the motor shaft rotates such thai the coupling 
shaft remains within a plane as the motor shaft rotates. 

19. A medical system for use In an endoscopic surgical procedure, tbe system 
comprising; 

an insufflator configured to provide gas to a peritonea! cavity; 
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an insufflation tube in fluid coimna.tticatt.tjn with fee insufflator, wherein, the 
insalTMion tube is configured to be connectable to surgical equipmeBt that is intertable into 
a peritoneal cavity; 

a gas recirculation system comprising: 

a pump comprising: 

a motor; and 

a pump cartridge coupled to the motor, whereto the pump 
cartridge includes a gas input connection and a gas output connection, 
wherein the pump cartridge is detachable from the motor, and wherein 
the pump cartridge is sealed such that a gas within the ptnnp cartridge 

cannot coatact the motor; 

a first tube in fluid comiMmieation with the gas input connection, 
wherein the first tube is configured to be cotmectable to surgical equipment 
that is imertable into a peritoneal cavity; and 

a second tube in fluid, communication with the gas output connection, 
wherein the: second tube is configured to be coimeetabie to surgical equipment 

that is imertabie into a peritoneal cavity; 

wherein the pump is configured to draw gas into fe gas input 
connection from a peritoneal cavity through the first tube and to discharge gas 
out of the gas output connection and into a peritoneal cavity through the 
second lube; 

wherein tbe insufflator and the gas recirculation system are configured to 
recirculate gas from, the peritoneal cavity and to maintain a pressure within ihe peritoneal 
cavity. 

20, A gas recirculation system for use in an endoscopic surgical procedure, the 
system comprising: 
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a pump comprising: 

a motor; and 

a pump cartridge coupled to the motor, wherein the pump cartridge 
includes a gas mpat coa»ectimi and a gas output connection, wherein the 
pimp cartridge is detachable from the motor, a-mi wherein the p«mp cartridge 
Is sealed such that a gas witfiJn the pump cartridge cannot contact ire motor. 
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