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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
BACRGROUND
i. Techuical Field text

{8031} The present disclosuee relates o gas recironlation systenss wsed in mintmaliy

myvasive surgical praced

2. Background Information

{062 Minmally veasive surgical procedures, inchuding endoscopie surgica
proceduress, such as laparoscopie, arthroscopic, hyvloreseopie, thorecoscopte surgioal
procedures, are becoming more common place 1n the surgical envirenment due to shorter
recovery times, shovter operating durstions, and redoced costs. Mmimally tnvastve surgical
procodhres are typically performed with instruments mserted through small, artificially

oreated openings or portals in the patient,

{03 In o lsparoscopic murgical procedung, @ gas is tnjected into the peritoneal cavity
shrongh so artifica! opening i the abdomen cregted by g verres needle, Typically, the type

of gas that » injected is & OO, gas, although @ miiure of two ov more geses or @ differont gas

may also be snitable depending on the surgival procedure, i a laparoscopic procedure, the
COy gas s nsed o disteond the prewmoperitonenn, thereby creating an air space for the
surgeon to visualize the organy and to manenver surgical instruments and an endoscope. The
COy gas 15 injocted ite the peritoneal eavity under pressurs by an imsnifation device.

Examples of insaffation devices sultable for this application are deseribed in U8, Patent No.

£,208, 357 and ULS, Patesrt Senal Mo, 6

137893, which are all herehy inporporated by

raference.

interior of the savity and, more particularly, the operative space. The endoscope typieally
rernains inserted for the duration of the surgica procedure, Other opendngs nigy also be

ergated o provide sccess to other surgical nstruments nto the ahdominal cavity,
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{803]  The instrumentation wsed fo out, cauterize, ablate or vaporize tssues inside the
abdomen during a mivimally nvastve surgical provedure, such as 8 laparoscopic provedurg,
rewuly 0 surgical stoke which may pose & heslth risk o the pationt and way also pose &
heatth visk o the surgeon and other mdividuals in the operating room i some or all of the
surgioal smoke oscapes to the operating room.  As used horedn, the terny “surgical smoke™
includes, withows Dosintion, pases or aerosels that may contain toxins, partienlate mutter,
sevstants, wighde cells and viroses, water vapor, and other contannnants, Surgical smoke also
spatrs the surgean’s visudization vig the camers i the endoscope. This impainnent to
visualization can alse be further acoentuated by fogrung or condensation on the camera lens
due fo the CQ; gas enlering the abdominal cavity st below body tempersiurs, hapairing
visuwalization can nterters with the surgical progedure and vesadl in risk o the patient’s
healih, Funthermore, impairing visuadization may also lead to delays in the operation, in

partioniar i operations invobving robotic assisted surgicsl proceddures perfornsed remotely,

BRIEF SUMMARY

{B006] 1o one sspoct, ¢ gas recircudation svstem for ase i an enddoscopie surgieal
procedurs comprises 8 pamg with & motor and 8 poenp cartridge coupled o the mtor, The
paatng cartrides moludes & pas inpat conrection and & gas cutpat convection. The putp

cariridge v detachable from the motor and the pump carinidge B sealed such that a gas within

the pump cariridge cannet contae! the motor. The gas recironiation system alse compr

first and second tube in Botd communication with the gas mpat and gas output connections,

oy,

respectively. The first and second tubes are cond “sguwd 0 be conpectabde to gm*gimif

o the gas input connection from g penitonesl eavily thrngh the Hrst tubs and 1o di wimrga

gas ont of the gas ouiput conection snd (o a perttonesl cavity through the second nube

{007 (uher systoms, methods, festures and advaniages will be, o0 will become, spparent
tov o with kil in the art upon exandnation of the Dllowing Haores and detailed

description, It s intonded that all such sdditional systems, methods, features and advamiages
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be tncluded within this desoription, be within the scope of the juvention, and be protectad by

the folowing claims.

0B8] FHG. Uis an lustrative exanopie of an embodiment of 8 gas recironlation systent.

HO09]  FIG. 24

& sohematic exan

“@s

i3 FHS. 3 is an sxample ovoss-sevtion of an smhgﬂimsm ofagmar ‘tsf‘uiﬁﬁ.im}j Y
i g §

<l
[+

cariridge,
(0011]  FIG.4i
iﬁuﬁ}'@ Gﬁﬂ:fidgt}e

B012]  FIG. 51

anotlier example eross

wotion of an embodiment of & gas recireulation

o2}

an cxample of an embodiment of & gas revirculation poamp cartridge,
B3] FHG 6 s another cxample of an embodiment of a gas recirculation pump
cariridge.

B8] FHG. 7 &5 an ounple of an embodisment of a portion of 8 g recirenlation pump

cartridgs.

5

[BOIS]  FEG B s an exwople of an ombodument of & gas recurcudation pump.

[B8I6] PG 9 e block digram of & gas recivoulntion system,

{B817] FHG. 1 s ao exarople of an cobodinnent of & coupling method between o pas

recirenlation pomp cartndge and & motor,

{BIB]  FH: D s sn oxample of an eobodiment of s connecting element used m s gas
recircnlation system.

{B019]  FHG. 12 g g oross-section of an embodiment of a connecting olement used in a gag
recireniation thms

B028]  FHG 13 s 8 cross-section of goother embodument of & connecting slersent nsed W
& gas reciveudation system,

{821 FIG. 14 1 an example of an embodiment of & bypass valve used n g gas
revivouiation system,

{82 FHG. 1S @8 an oxample of sa embodiment of & mostore frap osed in s gas

recivoulation systeny
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{823 FHG 1S is an examophe of another eovbodiment of 3 molsture trap used v a gas
recirenkation systen,

823 PR UV isosn oxanple of an cobodimengt of sn coclosure for 2 gos weoircudsdion
Fystemn

{0251 FHG. I8 is an example of ayother embodiment of an enclosore for 3 gas
revirculation system,

{B026]  FHG. 19 is an example of soother embodiment of an snclosure for 3 gas
recireulation system.

{27 FHG 20 i3 an example of saaother embodiment of an enclosure for a gas
reciveubation system.

BB} FRG. 21 s another example of an embodiment of & gas recirculation pump
cartridee.

{829 FHG 22 i sn oxample of another embodinsent of 8 coupling method between a gas
recireakation pump cartridge and 8 motor,

B3] PG 23 s an exanapde of another embodinnent of 8 coupling method between a gas
recironiation pump cariridge and & motor.

{fa3i) FHGL 24 s sn oxanple of s cobodiment of & three-way valve wsed fnn gas
reciroulntion system.

{B832 FIG. 25 15 an oxanple of snother embodiment of & three-way vabve used n s gas

reciroulation systa

DETALLED DESCRIPTION
B33 Thepy

nt disclospre i directed to a systent for recironisting gas Injected into a

peritoneal cavily during a8 surgical procedure. The svsiens inchudes @ positive disphcsmen

purng to remove gt nject gy ndo the peritones! cavity 1t order 1o remove sioke generated

within the peritoneal cavity during the surgical procedure,
{B834]  The prosent discloswre provides a safe, cost effective gas rechronistion systen with
component parts that can be reysed without sterifizstion. The cost effective syatem utilizes

controtlers, rather than sensors, o monitor the pump operation and deteot faalis. The system
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S
iz able to schiove high removal and ingection How rates, for example 4 o 10 lnters por
rentnete, which onsares thet say surgiond srooke is guickly and effectively romoved from the

surgeon’s feld of viston wiile at the same S minhmidng soy change i prossure B the
peritoncal cavity,

{835 Reforning to FIGL L an embodiment of 3 gas recirculation system 108 ix shown,
Cias rectroulation system 18 may include 3 reclroulation pump 105, a primary mpad froosr
P10, & secondary outpst trocar 1S, inpud by 1230, asd cutpat ubang 135, Output tnbmg

P35 may mchude o Glier andfor modstore ap 130, Inpad tobing 120 and outpot wbig 135

may be shniler w insuffladon tubing sets manufactored by Northgate Technslogies.
036 Gos reowculabion system HH may be usad i conpuretion with an insuillstion
sysbom, such as described 1n USRS, Patent No, 6299 5392 and ULS. Patent Sevial No.

S2AURT B9, which are all horeby ncorporated by reforence. The nsuffation system may

include an fnsufflator 127, ao nsufllation rocar 128, invufflation tubing 139 connecting the

msuiBator 127 to the wmeuilation ocar 128, and an elsetromic communieation fne 129

betwesy zas rechreulation system 10U and tnsafliator 127, Gas restrendation xwigm 100 may

fnformation or commends such as staet, stop, How increase, How decrease, o other funclions
of the gas recirenlation controlier could reside in nsnflator 127 and commundoated to the

gas recireulation cordraller. Addittorally or altcrnatively, the gas rectrenkstion controller

condd be integrated into and shared with insufflator 127, The gas recircnlation system {60

%, heat

snd mseifistor 127 may shave power supplies, processors, graphic user inlerfac
functions, humidity functions, (0 name a3 fow examples,
{37} Revironlation punp 108 romoves gas frosn the patient theough secondary ouip

trocar 113, cutpat tubimg 125, aod Sl mosture wap 1380 A vabve 135 may coonest

socndary owiput roesr 113 o cutpaet tubing 123, When output tubing 125 5 connecied ©
seocrulary output ocar 113 through valve 135, the valve stome of valve 135 may be deflected
to an open position, When valve 135 is disconnected from secondary outpat trocer HS, the
vatve stem of valve 135 may return o s natural dlosed position, Valve 135 may allow gas

tos Hloww through the valve when ontput tubing 125 is connected to secondary output trocar
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S Valve 135 may prevend gas from entering caiput tubdng 135 when cutput tubing 133 &

disvonneted from secondary ouwtprt trocer FES Valve 138 may sulomativally close when

outpat tubing 135 i disconuected from secondary oniput troesr TS, Vabe B3 mavbe s

tuer valve, such as @ Texium® or Halkew Roberts® beand of closed matle luers,

[B838]  Recircuiation pump 103 also byjocix gas into the patient through primary inpat

trocar 11 and input tobing 1200 A valve, similar to valve 135, may conneot prismary iyt
trocar 110 and input tuting 130 and may close when mpat tubing 120w disconnected from
primary input wocar 1L

{39 Recironlation punp 135 reciroviates gag from the peritoneal cavity, throogh
lter motsturs trap 1340, snd back into the pertioneal cavity, The flow rate of gas sevoved

fronm the patient through cutput tubdng 123 15 the same as or substantally similar to the Sow

rate of gas injected back into the petient through input tubing 120, Filievimodsture trap 138
may rensove Houid from the gas and oy remove particalate from the gas, such as surgical
smoke particles. Filter'mosture trap 13 oy iovlude 3 media twt readily absorbs Liguid,

preferably ap to 15 o 20 ml of mgi,nd st readidy releases morsture im0 the gas Newmg over

X

siitabde for wse fucldes the Crystar® brand of

ar through the media.

nrserial, The stee of the media s prefershly - 05 mehes bong and 0.5 - 2.0 inches in
dameter and most proferably 13 - 2.0 inches Jong and - 1.3 inches in diameter, Inone

crhodinent, the medis may heve 8 sermted outer surface and a center opening, Whan
placed n a Hlter housing, the serrated outer surface defines & plurahity of channel openings in
which the gas can How and the conter opering may be BHed with & rod comprising charceal.
The charcoal may entrap particnlate matter it the gas as i passes through the center npening
and at the saoe e may be effective at removing undesirable odor from the gas,
Addstionally or altornatively, odor removal can be scccmplished using other matenals, such

as enrymatic materials, vinegar aod water cantridges, or odor can b masked nsing

%

frogravwes, Filter‘moisture trap 130 may sllow the ges that is recirondated o rotain modsturs
i & range of 30~ TG relative bunndity. Preforably, the gas seciroulation system {00 will
altose for the recircnlation of gas 1o and from the patient and will passively mainiain a

humidity level of the gas that will be & mindnvan of T0% relative bumidity with the gas at
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normal pperating room emperatures between 80 - 73 degress Fahrenheit, Litheing gas

recireniation system 100 may mduee or oliminate the seed Br insaffiator 137 1o mpent

additioral OO0, gas i the peritorsal eavity and mny also mainiam & reasonable motsturs lpvad

a1 the paritoneal cavity, as opposed o added OOy which, anless i first passes theongh a gas
warmner himidifier {an additional cost) will be very dry, typically at % relative hunidity,
The recironiation of gas will et only redoce the input of B% relative humiidity gas, but also
By prevent the hs'eathisf}g effect coused by nsaillator 127 slempling 10 mginhuy Pressirg i
the perdoneal cavity, aod provent the discharge of large amouts of €O, gus fto the

operating reom. For g:-‘k_;zmpﬁg: nassive smoke removal systems that allow sig ey per minate

et

sk rates way discharge gp to 270 Mers o CO; gas indo the opersting room diging a novmal
A3 muvmde gall Bladder provedure, Accordingly, gas rectrealation system HI s a cost
effective method to maiatain &sjm@mm hamidity of gas in the peritones cavity,

{8} Relorring to FIG 2, sn ombediment of & gas reciroulation systom 208 s showa,
{ras reciroulation system 200 may mohude some of the same components and sperationad

characteristios a8 gas recireulation svstean 100, Gas veciroplation sestem 200 may bolude g

output tubng 238, 'i}utmzt fabing 223 may wnchude & flter anadinr fhod trap 330, Inpwt
B A

tubing 230 may inchede a flter 233, A valve 235X may connect output troear 218 1 ouipt

L Valees

A

tubing 3235, A valve 236 may connect input frocar 218 & npan tubing .

K]

may operate with the same characieristies, such as sutornatically closing when disconnected,
gl i the same manner a8 vabve 135,

{841} Becironlation pung 205 may be o diaphragm pumy, or any other suitable positive
displacement pump, incloding 8 cartridge 200 and 8 motor 207, Cartridge 206 mwy be
disconnectable from motor 307, Motor 207 my be any tepe of mastor,  Metor 307 ma
preferably be, but oot Tmited s, 8 direct current (DO o, Cartridge 206 may be sealed

toy prevent ges from eacaping carridge 306 except theough the conneotion w input tubing 330

and outlet tubing 235, Clartridge 206 may be composed of ambiple components that are

sttached o one another, such as by Wrasonio welding, using adhesives, laser welding,

mechanical snapping connection with or without a gasket, or any other kaowy method of
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e

combining and sealing mating surfaces wgether, Cartridge 206 may be sealed so that H is

by

caly in Huid communication with the opening to indet ubing 220 aud outlet tubing ¢

Accordingly, gas within cariridge 206 rony not come i contset with motor 207 or othor parts
of recirculation purap 205, The gas recrrouiation sysdem may be an nexpensive method to

remiove surgical smoke from a patient’s peritonsal cavity because motor 207 is not

eonfandnated from contact with gas from the perttoneal eavity, and therefore, can be reused

withow! reguining sterilizabion, The povtions of reetrculation pump 203 that miay have been
contaminated from contact with gos Hrom the peritoneal cavity, such as cartndgs 200, may be
disposable.

U4} When in operation, the gas rectrenlation systom 200 may remove gas, wiehuding

surgical smoke, from a peritoneal cavity preferabldy ol » flow rate of 4 - 18 {ers per minate
and most preferably at s Bow mie of & - 8 Biers per minote and, after fliration, nject it back

e the peritoneal cavity preferably at a How rate of 4 - 180 Hiters per minute and most

praderatdy at a fow rate of 6 ¥ lders pey minate. The gas from the ;“M"iiiﬂi‘ii%ﬂ s;m*ﬁ'{}f Hrat

E: AR Yhﬂ. {1“1

o

fravels through output tocar 213, through vabve 333, and imte output tubin
miay travel through fuid rap 230 which ey remiove condensate £ Hgmd that forms dug o
the mm;;. i tevaperatuve of the gas {Le, from body tempersturs 1 mom tempersiore) aud
odor if a charcoal rod, (as desoribed above) or & separate or integrated aotivated chareoal
filter ts used. The gas then travels through cartridge 206 of recironlstion pumnp 205, The gas
may travel throngh & filter that is located befre ar after reciroalation pranp 2035, such as
filters 330 or 232, The Rlter may remove particulale matter and other contaminants from the
gas. The filer s preferably is made of & msterial that provides a pressure drop of 't mmore
than 12,3 mmHG ot a 20 Her per nuinute Sow sade. The gas mey be injected back into the
peritoneal cavity threugh wpa tubing 224, valve 236, and mput trovar 21

{843]  Recoculation systern 200 may inchads contredler 248 to control the operation of

motor 207, Controller 230 may be combinad with or used in conjunetion with an insufflator

conneoted 1o reciroulation systom 208, Controller 240 may be the Tiva® (Texas
Instruynents) brand of controllers, Controller 240 may be usad to detest oporating and fhall

conditions of motor 207 andfor safety ssues v gas recirculation system 00, Controller 244
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may deteet the anount of power drawn by motor 207, such as by measuring the voltage to
motor 7. Controller 380 may detect or deternune that 8 fault or safety isue bas ccourred
s recivoutation systen 20U based on ths amauat of power dessn by motor 207, For
exanple, controller 240 way deteromne g Hud condition or salety issne oocues 1 motor 207
draws more povver than expected, as measured by an Increase in volisge o current greater

than 8 prodetormined amount. Controller 340 may trigger a shutdown of mester 207 i a fault

condition o safety Bsue ovcnys, Lising controiler 2443 to detect faul conditions or safety
IRSUSK 1 gas recirouiation systern 200 may be more cost effective than using sensors.

[O4] Volves 233 and 236 nmy be
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iy valve 23% when it is

o

putput froear 218 and mput frocar 2HY, vespectively, Ch

avected Trom cuwipad trocar 215 may restict entratnment of ambdent aiv into the suction

s

side of gas recircuiotion system 200, Any ambient air entmamed 10 gas recironiation systom

236 when @ ix disconnected from nput tovar 21 may prevent discharg
peritoneal eavity o e ambient eoviromment,

IB045]  Cloging valves 235 or 236 may create g pressure differential in the gay civouit of
gas recironlation systerm 00, A prossure differentisd may inoresse the Josd on motor 207, ax
measured by 8 ineresse o voRags or current drawn by motor 207, I the incrsase i voltage
or purrent 18 above @ pradetormined threshold value, controller 248 way detect & Sl
condition or ssfety isue i gas recirculation system 20, Controlier 240 may trigger a
shutdown of motor 207 npon detection of a faolt condition or safery ssue i gas recirouladon
system 2 Por example, valve 235 wall close i valve 335 and output tubing 223 are
discoanected Som opiput trovar 218, Closing valve 238 will catse recircudation pusup 2038
to prdl stwhicn o a closed tube, which will foree rechoudation pump 205 1o work harder and
motoer 7 o draw more power in order to matstain W proper speed. The inoreass v power
drawm by moder 207 may result ina fault comdition 1 the voltage or current increase i abowve
a predetoranined valupe, Lipon detection of the Fult conditton caused by disconnecting valve
238 fromm ouvtpat trocar 1R, contredler 240 may tripger recirontation pranp 208 W shut down.

Nimmilarty, vabve 330 will close i vabve 238 and Ingut tubing 220 are disconnected from input
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trocar 21 Closing valve 236 will cause recirenlation pump 303 0 pump against s closed
tube o “dead head,” which will foree repireniation pump 20% 1o work hander aad motor 207
fo deawe move povesy iy order to maindan s proper speest, The orease m power dvawn by
metor 207 may resull in a fault condition 1f dhe voltage or current increase s aboave
predetorained value, Upon detection of the fanit condition caused by disconnecting valve

230 from inpat ocar 216, contredler 290 ooy tripger recironlation pump 205 o shut down,

Aecordinghy, gas reevculation system 200wy monitor the status of output ubing 228 and
input twbing 320 by using controller 240 1o monitor tntor 207,

{0048 oo similer manner, gas recireubation system 200 muy moni!
status Of gy trocar 21 and owpat trocar 215 with the peritonsal cavity, Removing tmpat
trocar I H or output trocar 215 from the peritoneal cavily will affoct the operation of
recivenlation pump 205 and motor 207 by changing the pressure of the suction source ov
discharge source of reciroulation punp, Controller 248 may detect the change in operation

of the motor 207 and determine that faput trocer 218 or oudpat roear 215 has been removed

o

from the perttonea] cavity, For example, romoving mps trocar 210 from the pertteneal
cavity would decrease the power requared for motor 307 o mantain the same spead because
recirenlation puynp 305 wondd ro longer be pumping 1o overcome the indraperitonsal
pressure. Controler 340 may detect the decreased povwer deawn by motor 207 and determaine
that input trocar 210 has boon disconnected from the peritonesd cavity, Controller 340 may
then trigger recirculaiion pamp 205 to shutdown 1o provent gas from the perttonea! cavity
endering the smbicnt environment.

{B47]  Gas recwculotion systom 200 may include 8 nser interface 245, such asa
computer, o allow an operator to deternne or confivm the statie of gas revironlation system
Ay For sxanmple, dooniveller 240 shuts dows recirenlation pump J058 because valve 335 i

disconnected from output frovar 213, user interface 24% may display that rectrcuiation pump

05 s shat dovwr and that the Bkely caose is onipat tubing 238 being disconnecied from

= 37

cutprt frocar 218, An operator maay continm that output tubing 225 & disconnected om

cipd trocar 215 and reconmect it i order 1o restant rechveilation pump 203, Simadady, an

g

pperator may deteraune iF other fanlt conditions have securred, such a8 blockage, excessive
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restiiction 0 the gas path, or g leakage o the gos path, such as disconnected or damaged
tubving.

{B048]  Relorring to FIGL 3 and FIG. 4, arcembodiment of & cartvidge 306 nsed tn g

recironlation pumyp is shown, Cartridge 306 may be used in o reciveulation pump such as
recirculation pump 205 described in relation to FIGL 20 FIGL 3 and FIG. 4 show a partial
s How path are included in

cross-sectional view of cartridge 306, Arrows showing the ga

order o better deseribe the operation of vartridge 306, Cartnidge 36 molodes conpection

dput tldng 335 0 FIG. 2, that may be conneeted to a

358G o oniput tubang, such as ¢
‘I‘iiﬂﬂ&‘.ﬂi f“‘, {' ft*iﬁ;j{,.;_ 1% e \ikﬁt.‘a TR \ﬁﬂﬂ 1'?2 s lﬂ ‘i;g ?Na’“ﬂ“{ .\ui\.h AR lﬂ l
- o

fubing 230 0 PHGL 2, that may be convected to @ perlonest cavity,

{0849]  Gas from the peritonsal cavity enters cartridge 306 through connection 350, ax

shown by the arrow in FIGL 3 Cantridge 306 may include valves 354 and 3600 The gas

travels inte cartridge 306 through valve 354 into diaphwagm chantber 356, as shown by the

arvew i FRGL 30 The gas travels out of cartridge 306 from s;"i'iiiiféirwgﬂ'} chamber 336 through

3

valve 364, as shown by the aorow in FIG. 4 {disoossed below) Vabves 354 and 360 may be

umbrells valves, The diameter of the gas oponing 362 through valves 354 and 360 may be

between 005 foches and 015 inches and may be preforably & dameter of (085 v
s {)peﬁimg 32 ey inclede toore than e concentric opening, such that the combined
sreg of the gas openings 363 may be sized o permit How rates within a range of ¢ Hiters pex

rydmmate up fo 10 Bters per nuinute and a preforred range of T to 8 liters per aninute. Although
flow rates of 4 - 10 Htors por minote are an sccoptable flow range, higher or lower How rates
can be achieved by enlarging or reducing the size of the carteides, inoreasing or decreasing
the mutor stroke length o change the volinne sreated within the diaphragny cavity, or by
mereasing the speed of the mator,

{080]  Canridge 306 may inclade & diapheagm 338 in diophragm chamber 356,

%

LS

i

B

Movement of dinphragm 338 away Fromr valves 354 aud 360 opens valve 334 and dmaws g

thromgh valve 354 into diaphragm chamber 356, as shown by the arvoew w FIGL 30 Valbve 354
mray be pulled open when Hapheagy 338 moves sway om vabees 354 and 360, which may

o

draw gas from the peritoneal cavity, throngh owtput tubing and into dapheagm chamber 338,
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as shown by the arow o FIGL 30 Vabve 360 may be pulled closed when diaphragm 358

moves gway from vabves 354 and 360, which mizy provent gas from exiting or eutering

chaplwagrs chamber 358 theongh valee 300

{Bes1] Movement of diapheagm 358 woward valves 354 and 360 opens vabve 360 and
pushes gas from diaphragm chamber 356, through valve 360 and out of cartnidge 306
through conpection 352, as shown by the arvows In FEE 4, Movemenst of dispheagm 338
toward valves 334 and 360 closes valve 354 which oy prevent pushing gas out of

s;i:i.xﬁ_;f},hmgm chamber 336 hmugi& conmection 3530, Re *mms::ﬁ novement of dm;’;hr;wm RN

flter or §.§qmd trap i the output tobing, aud pm«he\ sax baok wito the ;‘}t‘:‘ii‘ii{mt‘i;ﬂ e‘;:-gwiit}s
through the inpet tubing.
{ISY] PHGR 527 show other example embodiments of cartridges for uee in a gas

recireniation pumpy, such as reclreslation pump 285 desoribed in relation to FIE 2. The

compenents and operational characteristics of the canridyes shown i FIGE, 5-T may be

Yy

siosilar to cartridge 306, desertbad ghove,
[B883]  FIG. 5A shows an exploded view of cartridge 306, Cartridge

connsotions 330, 333, vablves §54, 360, disphragn 558, and plunger 564,

may be umbrells valves, Connection 330 may be the gas indat inte cantrd

Counsction 332 may be the gas outlet from cantridge 306, Plunger 364 may move diaphragm

5% toward valves 3534, 560 i order © recirculate pax through the perstoneal cavity, as
described above w reforence (o PGS, 3 and 4.

{B854]  FHG 5B shows 8 noneexploded perspective view of cartridee 306, FIGL 8O shows
3 front view of cartridee 306, FIG. ST chowa a side view of cantridge SO8.

{55 FIG. 6 shows an exploded view of cartridge 606, Cartridge 606 fnvludes

conmections &3, 633, valves 834, 660, diaphragn 638, and plunger 864, Valves 634, 660
ray be wnbrell valves, Connoction 630 may be the ges infet Into cartnidgs 608,
Coanection 652 may be the gas outlet from cartridge 606, Plunger 664 may move diaphragm

H3R woward valves 654, 660 in onder to vecirenlate gas through the peritones] cavity, a3

desoribed above 1 reference o FIOGR, 3 and 4,
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{36]  FIG. o8 shows a non-exploded perspoctive view of cartridge 806, FIHOL 60 shows
& front view of cartridge 606 with exemplary dimensions. FHG, 60 shows a stde view of
cariridpe 608 with exomplary dimawsions. The dimersiong and ovientations of the
components of cartridpe 808 may vary depending on operationad requirements.

{8871 FIG. 7 shows multiple views of the gas inlet'outiet section of canteidge 706, FIG.
TA shows @ perspective view of the ges infetfoutlet section of carwridge 706, FIG, T8 is a
front wigw of the gay indetfoutiel section of cantridge T8 FIG. TC 15 @ botiom view of the
zas inletoutlet seotion of cartridie 706 with exemplary dimensions. FEG. 7D i a side view

of the gas inferfoutiet section of cartridge 706, FIG. TE is o back view of the gas inletfonths

sgesectiongd view

setien of cartridge 706 with excmplary dimtensions, FREG TF b5 o sade on
of the gas inlet/outlet section of cartridge 706 with exeraplary dumensions. FUG, Y0 i3
another side cross-section view of the gas inlet’outlet section of cartridge 708 with

gxemplary dinensions, FIG TH s bottom orosssection view of the gax infetiontlel section

of cartridge 706, The dimensions and orentations of the components of cartndge 76 may
vy depending on operational roguirements,

{BOS8]  Reforring to FRG R, an embodiment of » recirculation pump 3035 1s showsa,
Rectroulation purap 805 oy include g cartridge 808, 8 wiotor SU7, 8 orink assorably 866,
locking arms 868, and g cariridge halder 8700 The components and operational
charscteristivs of recirculation pump 803 may be stmilar o reofvoulation purp 305,
described gbove, Motor SU7 may be connected 0 crank assembly Bo6 twough a mechamical
couipling, Motor 8U7 may provide rotational motion 1© ovank assembly 868, Crank asseably
#66 may converd the rotational motion 1o 3 reciprocal motiors,. The reciprocal motion of

erapk dxseanlly KO8 may move 8 Haphragn withio cartridge 806, as desoribed above with

go 806 detached from recivoniation pumg 8635,

reference (o FIG. 30 FIGL BA shows cantilg
Cartridge 308 may be detached from recireulaion punp 803 i order to sterilize or dispose
af cartridee 806, Booause eantridge 806 may be the only component of reciroulation pump
B05 that comes wm oontact with gas from 8 patient’s peritones] cavily, the remainmg

components of vecironlation pump 805 may be reosed with o different patient withouwt risking
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patient safty. Cartridge 806 may be steritizad or disposed of after use with a pativat and @

new cartridge 806 may be inserted nto reciteulation punp 803 for the next patient,
{B839]  FIG. 88

pump 205, Cariridge $06 may be secured within reciroulation pamp 805 with locking arms

hows cavtridge R06 nseried o eartrdge holder 870 of recircuistion

Ra¥. Locking arowm 868 may inchude protrusions 872 des gm:& to fie within recosses 874

lowated o cantridge 86, Protrusions 872 may be best seen in FIGL 8D, Recesses 874 may
be best seen in FIG. 3C, Cartrrdge 886 may be sceured within cartridee holder §78 when

protrustons S73 are placed w recesses 274, as shown in FIGL 8F. Cartridge 806 may be

relessed from cortridge holder 870 by deprossing the ends of locking aros 368 and then
Hfting cortridge SUS from canridge bolder 8700 The method of scouring sad relessang
cariridge S06 from rectveulation pump BOS may vary depending on operational reguirements,

{860]  Refoming to FEG 9, s emboediment of o gas recirouiation system S0 is shown.

Cras recirculaticn system 900 oy inchude similar components and operating chacacteristiva

ER

. ris rechroniatio

vatem S0 may

as the gas recwoniation systems desoribed tn Fl
sclude recwroudation pusp B0S, pumg curtridge S06, motor W7, nput vocar S1G, aalput
trocar 915, wabves 935 and 936, fhaid tap 938, fller 932, condroller S48, user mterfioe 48,

andd power supply 976, Contraller 940 may melnde DU motor contead ctrenitey 978 and

processor civeuiiry 980, User avterface 843 may include g computer with software, such as

LabView®:, to control some or all components of gas rectreulstion systom UG,

BO61]  Gas reolroulation svstom SO0 may monitor the losd placed oo motor SU7 v osder

o detoct Haudis or safbly issues with gas recireuladion system 900, The load on metor 807
may be monttored by measuring the corrent change acvoss 8 resistor located in the power
path of motor 9807, such as by conneeting the resistor o an A-D converter fo measure the
gurrent. The currem will change as the pad on motor 907 changes. The current
measuraient may be moasuned in real He or may nchude a delay, A change in curvent
above or below s prodetormined value may indicate that gas repirculation systern 900 has g
fault or safety issue and may initiste 3 shutdown of recireulation pump 905, Software may
be included, for example in controlior 940, 1o sense o change in curvent and o indtiste a

shutdown of motor 807,
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{0862 The predetermined value of cwrrent that defioes when a foolt or safely ssue cocurs
ety be based om st sverage curvent wher gas repireulation systern 908 s oporsting

normatly, A current mstaswrement shove the average value way indivste @ Bl or safety
condition, such as & disconnected wabve 935 or 936 or an ceclusion in the fnbing connecting
recirculation pump Y05 to a patient’s peritoneal cavity. For example, ¥ the average current
messared while miotor B07 waa deiving 8 daphragm i cavtridge 908 during novasal operation
was (L3A, 3 measured cwgrent of 44 may indicate an ocolosion in the rublng conneeting

recireulation pump 903 1o the patient’s periteneal cavity and & measared current of L84 may

weed o defioe when s feult or saldly conditton ovours, saeh & by wsing 8 vansnee of

measwred currents or & comparison against a stored {ime wmpfaif or frequencey femplate.

{631 Interface M1 between pump carinidge B06 and motor 907 may be o mechanieal
merface. Taterface MU mayv be designed o operate sdequately for comuueus periods of

¢ 8 surgical
prm:mh;ﬁ‘m Por example, o the oaxiounm leagth ol tiwe for g swegieal procedure i four
hours, iterface M1 may be desigoed to opernte continnously without error for eight hours,
jabed]  The spead of wotor M7 may be spooified to allow the delivery oV OO, gas st s rawe
of seven liters per munute. A motor suitable for motor 907 may inchade & Moop® trand high
specd motor, The key operating pavameters for motor 807 may be the torgque, speed, and
fanlt conditions. The operating cureent of motor 907 may be nmmh sl in several ways, such
state current. Ehw: curvent values may be used o defioe when mwtor $07 should be

shisdown doe to g Saudt or safety condition.

{0863]  Interfoce BV s botween motor 907 and DU mstor contead civouttry 978, There
may be cight ines n mterfsee Bl The cight lines may wnclude a line tor gach of the thees

drive phases of motor 907, & lne cach for three hall sensor pickups, 2 Hine to power the hall
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sensors, and g lne for g groned, These eight Boes may be common to muliiple motor
roanufacturers.

{H866]  Interfioe B3 s betwesn DO motor contrad otreniivy 78 sud provessor Sireniioy
QRO There may be muliiple lines in this interface deponding on the methoed of speed contrad
s foedback,

{867 The speed of motor 307 may be controlled uaing two methods: voltage sad digital
comtrpd of the motor. The et wmethod using voltsge control would resudt oy the processor
cireuitry 980 sending a voliage 10 the control clrouitry 978 via g potemtionmeter or polse widdh

modulated signal. For reference, in this method the full spead of motor 987 roay be reached
by having the processor civouitry 980 provide the voltage of 325V o the motor control
cireuitry. The second method would invelve wa the processor circmtry 980 seading a digitad
sigaal 1o the motor control crrowitry 978,

{0B68]  Gas rectrvulation system 900 may detect two farlt states that are recoverable, such

as the miflate fault state and the deflate fault state, Other fanlt states may occur that are not

3

recoverable, such as a probleny with motor 9097, The mdlate Gudy state may be when the gas

-«

i gavibieast qir 38

cirewit on the suction side of gas rectrculation pump 2035 s broke
drawn indo gas revirenlation system 900, for exanple if valve 835 3 disconneoted from
output trovar #15, Sueh a state ix named Yinflate™ beoause recircuiation pump %08 may
indlate the paticat’s poritoner! cavity with ambient aiv ¥ recireulntion puap B3 s not

shutdown, An alternative 1o shutting doewn recirculation pamp 9035 i an milate fault state

ooorrs may be fo reduce the gas fow troogh reciveudation pump 305 w s svall avount in
ordir 0 nurimize the amount of ambiot air puoped 1o the peritoneal savity, The deflate
faull state nuay be when the gas cironit on the discharge side of gas recroplation purp 905

DN

broken such that gas from the pa,mm‘mi cavity is pumped inte the ambieng e'rs*;\*.i“s.‘mu‘n_&m:, for

becanse the perttones] eavity may begin to dellate dae w the loss of gas from gas

recironlation sestem BO0. A deflate fault state may cause the activation of an insuiflator

-

counected to the peritoneal cavily woovder 1o maintain a destred miiation fovel or presswre in

the peritones] cavity,
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{069 CGias recirculstion systen 00 may be controllad through user tnterface 948, User
fnterfhoe %45 oy be loosted in ges recivculation systent M) andior in @ compuier connested
fo s recivendation systom SO0, User taferihce may be oullinwde intorface which may be
controdled by software, such as LabView®, The first mode may be Qutput and the secomd
mode may be Control. o Outpat muode, the provessor in controtler 940 may output
information regarding monttoring motor 907, Such information may nclude moetor speed

{REM), current oAk voltage (VY and mptor state.

mﬁ’?ﬁ:i Referring to FIG, 10, an enbodiment of & gas recircndation sz:g"s;ufmnt; 1000 15 shown,

e

N

L5

six the gas recireniation systows described i FRGS, 19, Gas reciroulation system 100 may
melude 3 magnetic coupling between the dlapbragm actuator 1081 and the motor coupling
arm ORI such that when the pamp cartridge 1006 ix tnserted into position, & magnet on the
diaphragm actuator 1081 15 drawn to 2 magnet on the motor coupling ama 1082, Ooee the

msgneds ave drawn together, the diaphragm actator 181 will follow the mster coupling arm

FIR2 up and desvn, causing pumpiog action i the pump cartridge 106 {as disoussed above),
g the motor coupling arm 1082 moves up and down, The magsetic conpling may be an

slectvomagnet that 15 oveled on and o to orcate aud relesse the coupling betwesn the
digphragm scteator 1081 and the motor coupling arm 1R, suwh as for removal of the pump
carividge TG, Allematively, the magnetiv coupling may be ¢ non-electromagnet. FIG. 10A
shews the pump cartridge 1006 with 3 magret on the diaphragm actustar 1081 before st s
inserted and coupled 0 the motor coupling arm 1082, FIG, OB shows the pusp cartridge
FERM after o 1 wserted and the disphragm actuator 1081 is magnetically conpled to the
motor coupling s 108

71 Alteroatively, rather than using 8 motor with 8 crask anm o move the diaphragm

actustor O8] up and dowen, an o vagnetie Hield could be nsed o move & magnet
attsched © or smbedded in the disphoag wior HIRT o ceder o move the Haphrsgm
actiator 1081 up and down sod create 3 pomping sction in the pamp cartridge 1006
Additionally or slternatively, o spring located within the pump cartridge 1006 could provide

vovward motion of the disphragm, while 8 modor with g crank arns coudd provide the
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downward motion. Such au arrangement may slooimate the nead to conple the diaphragm
with the molor crank srm

Ha7 FHG U discloses an embodinent of valves connecting the viput snd outpit fubing
tos trocars, soch as vabves 135,235, 238, 835 and 936, Valve U35 mn FIG, 1T way tnclude o
rotatable collar with 8 movable section, such that when the valve 11353 is fiemly connected
the valve 1135 is open to allow gas How smd when disconnected preverts gas flow, FIG
FLA shows an exploded view of vadve T3S, which mayv molode & male tuer ook ftmg 1137
that foing with ¢ fomale Juer Budog (oot shown) and rotaies to allow gas Sow, Valve 1138

may alse inclade a sleeve and bing connection 113X 10 connect o input or output v

s o-ring to provent leakage, and 8 part to hold the romsining components in place, FRG
B shows an ond view of vabee I35 and FIG, 11O shows a side view of valve 1135, FIGE,
FID, LEE, and 1IF show section views of valve 1138 FIGL TIF shows tabs 11389 that

7

prevert over-rotation of the mate fuer ek 1137 fisting portion of valve 1135,
{073 FHG 12 discloses o sectional wiew of vabve T3S i the open ow configuration,

The arrows in FIRGE 12 disclose the gas flow mi‘h through vabee TEIS when miale Tuer lock

fitting 1137 is volated 1o allow gas How.
tuer ook fitting HIOT rolastes nside o stationary stesvs T3S, sligning opawings in the male
fuer lock ftting 137 with openings in the sleeve IR and allowing gas to pass through.
When the wadve HES s disconneotad, the openitgs beeome misaligned and block the Sow
of gas,

{H874]  FHG. 13 discloses o sectional view of vabve TE33 in the closed flow configormtion
The arvows i FIG, 13 disclose the gas Bow path stopping iy vabee 1135 when male huer lock
fitting 1137 8 rodated to prevent fhuid How.

78] FHG. 14 discloses an embodimens of 8 gas recirendation system YL Gag
recirenlation systeny 1400 may include similar components and operating charaoteristios as

the gas rociroudation systems desortbed in FIGE, 113, Gas recireuintion system 1400 may

&

®

inclide @ bypass valve 1483 that 15 located botween outpot tubung 1425 and nput tubing
1420, Arrows located in FIG, 14 may show the gas flow paths. Bypass valve may be

normally closed such that there s po gas Pow path between output tubing 1425 and inpat
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tubing 142300 When bypass valve 1483 s open it may oreate a8 gas How path from input

tubsing 1430 to output tubing 1435 s shown by the srrows i FIG. L The gas fow path

g gas boop arowdd the

P

fron wput tubing A o oulpat tubing 1425 may create o olveulal

pump cartridge 1406 that may imit the dowastream pressure that can be generated during the

>, PFor example, opening bypass vabeg 1483 may divent a portion of the gas

=

pumping ¢

flow from the pumyp cariridge 1406 vt the output tbing 425, which may prevent s
pressywe werease downsiyeam of bypass vabve B3, Bypass valve 453 may be g ong-way
prossure relivve valve, soch as a Minivalve or a Halkey/Robers® valve, such as g Duck Bl

valve ora Spring Loaded vabee, Bypusg valve 1483 can be selecied w0 open awtomptically

AAAAA i

based on the pressure present st the inlet side of bypass valve W83, ov af soothar lovation
downstream of pump cartridge 1406, For example, bypass vabve 1483 can be selected 1o
apey 81 8 pressure as low as €1 psi to o pressure higher than 10 pei, depending on the
application. Tt may be preferred that bypass valve 1483 open wher the pressure i3
approximately o the vange of U1 pad 1o 0,83 gt

{B076] PG 1S discloses an conbodiment of » mictsture trap, such as moisture traps 1340,
230, and 933, Mot

i

shown} where gas flows from the patient to the reciveulation pamp {m}i‘ shown), as shown by
the arvesws in FIG. 13R, FIG, 3B shows a section visw of motsture trap 1330 that inchndes
fube 1384 that extends within moisture trap 1530, Tube 1584 begins ot the gas inlet stde of
moistare trap 153360 and may extend toward the cutlet of moisture trap 15338, but may not
contaet the outlet of modsture trap 1330 soch that there 13 & gap bevween the end of ke 1384

=~y

snd the outlet of moisture trap 133 The gap may allow Hguid lecated within the gas to rain
oul hefore e gas reaches the outlet of woisture trap 18300 The Houid that 8 remwoved from
the gas may collset within motsture trap 18300 The size of the gap betwosn the sod of tube
F384 amd the owtlet of motsture trap 1330 may be varied based on the apphcatton, For
exmnple, applivations with higher gas velocities may regquire @ larger gap o allow the hgud
i the gas (0 s out, wheress applications with relatively lower gas velooities may require &
smatior gap o alow the bouid v the gas o rain out,. Modsture trap 1330 may not include

absorbent medis to collect the Hguid within moisture trap 1330, Muoisture trap 183, and ity
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compronents, may be construetad of sny suitable material 0 be in contact with Hguid, such as
pastic or metal.
Ha77 FHG 16 discloses another embodinent of 8 meisture trap, such s mostues aps
P30, 230, 930, and 15300 Mowsture trap 1830 i FIG. 16 may be located 1 the input tubng
{not shown} where gas flows from the recireulation puay {nod show) W the patisnt, as
shwvwens by the avvows in FIG. 16B, FIG. 168 shows a section view of moistare trap 1636 that
fncludey input nbe 16835 and oupit tube 1685 thay both exsend within moisture tap 1630,
foput tube 1684 begins gt the gas inlet side of mcisturs tap 1630 aod tuy extemd toward the
outlet of moistore trap 1638, Output tube 1685 begios at the gas outles side of moisture trap
TO3) and may extend toward the wied of moksture tegp 163 Inpat tbe 1684 and outpat
tube 1583 may extend past each other within motstore trap 1630, creating an overlap as
shown in FHG 168, such that gas entering nuisowre trap 1630 from inlet tube 1684 cannot
flow directly o ontput tube 1685 withont first Howing through the intertor of mnisture trap
1630, PG 168 shows that inlet tube 1684 and outiet tube 1683 may inclade bemds such that
portions of the tubes overlap while the sulet of nlet tube 1084 and the outler of cutlet tube

FERE renuun @

the nterior of moisturs trap 1036 aad belore it Bows out of moistare trap 1638 i‘.in‘-msgh
outprt fube 1683, The Hauid that 1 removed from the gas may codlect within moisture irap

o3 Mopisture trap 1630 may not inchude shsorbent media to colioct the laukd within

moisture trapy 10300 Mosture trap 1630, and its components, may be construsied of sy
suftahle material to be in contact with Ugidd, such as plastic or metal,

TRl PHG T discloses an eosbodiment a gas recivenlation systens 7Y (as
recirenlation system V700 may include similar components and operating characteristios as

. Lras reorculation system 1700 may

the gas reciroudation systems deseribed in FIGS,
inchide recirculation pump enclosure 1786 that houses seme of the compoents of gas
recirendation systen 7, such as s recirendation pamp 1705, pump cartiidge 1708, motar

A

PO, contredler 1740, user uterfape 1745, power sapply 1776, DU motor control cironsiry

VP78, and processor crvuitry TTRL
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{B879 PG, U7A discloses gas reciroulation system 1T00 with the cantridgs door open

showing pump cartridge 1708 indalled inside snclosure 1786, FIG, 170 Is 8 dotiled section

vigw of s recirenlation sysiens 1700 showing the pump cactridge locking mechanism 1787,
Pamap cartridge locking mechantsm 1787 may welode spring 1788 with ball 1789 loested at
one erd of spring 178R. Spring 178K mywy exert force on pump cartridge 1706 through tall
1788, which may oek prmap carindge 1706 within enclosure 1786, Alternatively, spring

PYEE may exert fwee directly on punp carteidge 1706 withont ball 1789,

IR0} FHG. ISA is a paospective view of gas recired

b

gtion svsten §T00 with pump
urmdm F708 i a pre-inserbion poaition. FIG. IRB 13 & porspective view of gas
recivendation system VT with pumnp cartodge P06 instalied n enclosure 1786,

{81} FHG. 194 is o perspective view of gas recircaiation system 100 with the cartridge
door closed. FIG. 198 iy a perspective view of gas reclrculation systam 1 7000with the
cariridge door open and withoat punyy cartridge 1706

{82 FHG. 20 discloses views of gas reomoniation syatem 17N with the cartrdge door

closed. The dimepsions shown i FIG, 20 are exeomplary and may be modified baged onthe

application of gas rechrouistion syvatem P

a3 FHG 21 discloses an cmbuodiment & gas reoirculation system JUHH, Gag
recirculation system 2 HI0 may nclude similar components sred oporating characteristios as
the gas rectrouistion systems described in FIGE, 120, Gas recirenlation system 2100 may
wiude pump owtridge 2106 with 2 coded connector 2190 Connector 2190 may be
deseribed in UK, Patent No. 9,283,334, which is hereby fncorporated by veference.
Connector 2190 may be abide to identify i the correct pumip cartridge 2106 1 conpeoted fo
recivondation pump 21ES, i purng cartridge 2106 Tas boow used previousty, or {0 select and
set gas vepvroulation system 2100 o aperate acoording o special sottings, such as How rates.
FIGS. 21A - 21H show perspective views of pump cartridge 2106 with connector 2194

{BO84]  FHG 22 discloses an ombodiment a gas reciroulabion system 32080 Gas

chargcteristios a8

recirenlation sy

o 2200 may include similar components and operating

thie gas recuwculation systems doseribed fa FHGS, 1221 Gas recireulation systom 2200 ma

include components that allow the pump cartridge 2206 {not showa to be coupled with the
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motor coupling sron 2382 in & “blind” manner, sueh that o vser may insert the pump

cartridge 2206 fote the ges recirendation svsiont enclosure 2386 (ot shown} without knowing
the exact location of the motor coupling avm 2382 and without bending over W lock sude
enclosure 2380 to see the location of the wotor conpling arm 2283 FiG 224 shows g
coupling shaft 2291 sxtending from the front of the motor coupling arm 2282, Coupling
shaft 3281 may include a tapered end portion to ald inserticn of the coupling shalt 3391 nte
the corresponding opening o diaphragn actustor 2381 {oot shown w FIG. 22, shown
FIGR, 5,6, 8, and 21} Diaphragm actuator 2281 may melude @ corresponding tapered
opening {as shown in FIG 210 A Tooating pin 2292 may extend from the back of the motor

coupling army 2282, Locating pin 2292 may B within locating slot 2293, FIG, 3138 shows g

i view of the ﬁ{m_;:)ﬁ.mg shall 3391 and locwting pin 2293 extending from the motor
coupling arm 2282, Locating slot 2293 may be found in the moust for motor 2207 or other

stationary portion of enclosure 2286, Locating pin 2392 will meve ap and down in locsting

slot 2393 as motor 2207 canses motor couphing arm 3382 fo awwve up snd down, Locating
shot 2393 will restrint the side to side wmotion of Tocating pin 2392, Beeause locaiing pin
fooniing pin S will enstwe that motor conpling arw 2383 and coupliog shall 2391 remain

i appwoximately the same vertival plane regardless of where motor conpling arm 3382 15

invated when motor 3207 stops, Accordingly, @ user may casily insert pump carividge 3206

st enclosure 2286 and couple diaphragm actastor 3281 with motor conpling ara 2382,
{BORS]  FHG. 23 discloses views of portions of gas recirculation system 23060 FRx 234
shows & front view of the mount for motor 2307 and metor conpling arm 2282 with coupling

shaft 2391, FIG. 238 shows 2 section side view of the mount fr totor 2207 wlong with

meter AT, conpling shafl 2291, and Iocating pin 2382, FIGL 230 shows a detasd view of

L]

coupling shadt 2291 and locating pin 2292 found on the front and back, respectively, of

motor coupling srm IR, FIGL 338 shows # side view of the moust for motor 2207 :ﬁiﬁsﬁg

with motor 2307 and locsting ple 2292 g5 i extends throagh loesting slot 2293, FIG

shows a back view of the moust for motor 2307 along with motor 32{}? vt locating pin
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2392 as Htextends through lovating slot 3293, FH3, 23F shows a detail bagk view of locating

ey

o

piry 3392 as 1 extonds through locating slot 3293,

{BOR6]  FHG, 38 discloses an combodiment o gas recirculation svstem 3800, Gas

recirenlation system 2400 may include stnular components and operating chavacterisiios as

the gas recirculation systams described in FIGN, 123, Gas reciroudation syvetem 2400 may
include components o evacuate 0, pas from s patisst’s perttoneal cavity afler laparoscopic
surgery is completed. Typically, when laparoscopie surgery I8 completed, a taey conpection
o3 8 trocar that mserted nto the patient 35 opeoed, which allows OO, gas from within a

patlent s peritoneal cavily o escape o the operating mom. LUindesivably, the escaping O,

%

gas is not filterad and may comtain sevosolized chemioals, particles, bacteria, sto. that
remin from the operadive procedure.
{88 Gas recirculation systom 2400 may include throeeway valve 2484 Ivated in fnpad

tubing 34230, Inpof telung 2420 fows 10 the patient. FIGL 244 shows thas three-way valbve

2494 may be loosted dowostroan of filer 2432 so that any gas Bowing through three-way

1

valve 2494 has aleeady had imparities filieved out. FIG, 248 15 a detaibview of gag

recircniation svstem 3400 showing thres-way valve 2994, tapug tobing 2420, outpit tubing

425, and filter 24330 AL the end of o surgiosd procedure, before the rectroulstion tbng
243G, 2423 15 rewoved and while the recirovlation pump 2405 is siill operating, thresoway
valve 2494 miay be configured to prevent gas flow to the pationt and o allow gas Tow to the
operating roony. (o this manner, the recironlation purrp 2405 will pump out the U0 gas
from within the patient’s perttoneal cavity with Olter 2433 preventing any contaminalion
froms Jeaving the patient. Uthizing threg-way valve 2494 to allow gas How to the oporating
roons, rather than simply dsconnecting mput tubing 3420 from the patient, ensures that the
cnby gas frooy the pationt entering the operating rooms is filteved shrough ey 2432 fivat by
waintaining all the gas conneetions with the pationt tat existed duning the surgiead

provedure. Utilaing three-way vabve 288 o remove the OO0 gas from the patient may

resduse the risk o operating room stal without reguiring sn additions! means for msuring e

cleanliness of the escaping OO, gas.
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{6BRR] P 23 shows tree-way valve 2494 jsolated froon inpot tubing 2420, Thres-way
valyve 24894 may molude bwo incline barbed fittings 2493 © connect with input tubing 3420,
Threo-way valve 3494 may also inclnde g Rmale heer connection 2496 onented
parpendioularly 1o the two in-line barbed Tittings 2895, The female luer connection 3498

may be used for pressore relie! purposes, such as o release O gas info the @;‘;a\::miimg FOOYE

Throp-way valve 2494 may also include a sto {uw:& 2497 that rotates 10 adjust the open flow

may be convevted with nput fubing 2920 leading to the patient. FRa 238 way be the
configuration nsed durtag recvreulation function, The configuration of three-way valve 3484
ar PIE 234 may pt‘m et gas from being released into the operating oom.  FIG. 238 shows
three~way valve 2494 configured o allow gas Bow owt tdupugh the fomale leer connection
2496 and mio the operating mom. FE3. 258 may be the configaration used at the snd of the

strgical procedure when gas s being evacuated from the pattent. The configurstion of threg-

way vabve 2494 in FIGL 258 may provent gas flowing to the patient.

x

{889 While variooy embodiments of the invention bave been desoribed, B will be

apparent o those of ordinary skill in the et that many more embodiments and

implernentations ave possible within the spope of the lovention. The elements of the varions
embodiments disclosed may be combuned and adapted (0 create 8 svstom with some or alf of
the operating chargctoristios and advantages of the embodimenis,  Any soch combinations

are herein disclosed in this application.
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CLAIMS
i A& gas rectrculation systent for use 1 an endoscopio surgical procedure, the

A PRI COMPrising:
& motor: and

a punp cartridge coupled to the motor, wherews the puny cariridee
wchedes 3 gas input connection and 8 pas putput conngetion, wherein the
purap cartridge 18 detachable from the motor, and whersin the puap cartridgs

18 soaled such that o gax wathin the punp carinidge connnt contact the metor;

g first fube o Hodd commumication with the gas nput conpsction, wherein the
Thvst tube 13 conligurad 1o be conneciable to surgicsd squipient that s nsertahie inlo g
peritoneal cavity; and

a second tube in fluid communieation with the gas output conpection, wherein
the second tube iy configured to be comnectable to surgieal squipment that 8

insertable o @ pertoneal cavity:

& porionead cavily teough the Srst tobe and o dischorge gas out of the gas output

contection aud into a peritones] cavity trough the second tube,

2 The gas reciroulation systom of claim L, further comprising a st valve in

fluid communication with the gas input connection and 3 second valve in fuid

comTnatcation with the gas output connection, whers the first valve provests gas exiting
the pumnp cartidge vig the gas gt connection and wherein the secend valve provenis gas
gritering the pump carividge via the gas output competion,

3. The gas recircalation system of cladm 1, wherein (he pung carividge wehades

first chamber in Huid comummeation with the gas mput connection and a second chamber
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fhd communicstion with the gas output conneetion, wherein @ diaphragm is disposed

between the fiest chamber amt the second chamber.
4, The gas reciroalation system of olatm 3, wherein the dlaphragm s operable ©
shifl from a fivst position to 8 second position w order o draw @ gas indo the panp cartridge

throngh the gas input conpection and discharge

............................ -. o)

aas ont of the pump cartridge trongh the gas

ouipnt connection.

3. The gas revirculation system of clatm 1, whersin the pomp cartridge s
disposable.

5. The gas recivculation system of clatm 1, further comprising a thind valve o

floid communnication with the gas puwt connection through the first tube and a fourth valve

in Thuid commupnication with the gas ﬂm;mt connection through the second tube, wherein the

third and fourth valves apomatics

7. The gas recirouiation system of clamm 1, fwther comprising o filter o fhad
cornnmeation with the gas mpat conpection or the gas cuput connstiion.

3
REN

The gas recirculation systen of claim 1, further comprising & Huid trap in flad
cormpmatication with the gas inpal connection or the gas catpet congection,

9, The gas recironlstion system of olalm 8, wherem the Duid rap is operable to

N

absorb Hguid droplets Tom a ga

traversmyg the Hoid trap,

L The gas vecirealation system of claim 9, wherein the gas raversiog the fluid
trap maintaing o relative hunidity in the range of 38 10 T0%
P, The gas recivoulation system of claim 1, wherein the system is operable

achieve gas How rates ot the range of § and H Hters per minote,

was recteutation systern of clatm 1, further comprising a controlier,
whaerein the controlier is operable fo deteet 8 fault condition based on an amount of power

delivered to the motor.
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3. The ges recirculation system of claim 12, wherein the faalt condition is
selected from the group consistiag off

& disconnection n & gas circwit within the gas recironlation systeny

a blockage in o gas cirowdt within the gas recwrenlation sesteny;

& motor fani

s,

gas recironiation system of olatm 12, Rurther comprising o wser wterihos
conneeted 1o the controller,

{3, The gas recicculation system of clavm 1, configured to commurnicate with an
s Vator,

16, The pas recaculation system of claim 13, wherein the gas recaculation system

ix confizured to be condrolled by the msuiliston

17, The gas recivculation system of clatm 1, wherein the ges reciroulation system

i locsted within and msufllator and gtilizes & power snpply, 3 processor, and 8 wser terface

of the insuffator

I8, The gas recirpulation gystem of olaim 1 wherein the motor has a rotatable

motor shafl, the pas rectroulation system arther compaising:
a couphing arm rotatably coupled 1o the motor shafl;
8 couping shaft extending from the coupling anm;

a locating pan extendhing from the coupling arm, wherein the locating pin s
condigured 1o move within g slot ag the motor shafl rotates such that the eoupling
shaft remans within o plane as the motor shafl rotates.

19 A medical svstern for use i an endoscopic swrgical procedure, the system

LU ﬂ?ﬂ "sii‘:*

an insuitlator configered to provide gas o 3 peritoneal cavity:
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an msufflation tube in Jund commumication with the nsufflator, wherein the
suifation tube s configurad to be conpeotable o surgical equiptoent that is inseriahle to

& perdones! cavity;
 gas recironlation systent comprising:
A pomp comprising
a mdor; amd

a panngp cartridge conpled to the motor, whersm the pumnp
cariridge wehndes o gas input convection and & gas culpu contection,
wherein the pump cartndge 13 detachable from the motor, st wherein
the pump cariridge 15 sealed such that a gas within the pump cartridge

canmot contact the motor;

g first fube i Soid conmpumication with the gas inpal connection,

whurein the first tubs 5 conligorad to be connectable w surgiesl eguipment

that 1 {nseriable st & peritoasal cavity; sad

a second twbe m fhod communication with the gas output conpection,

wherein the second tube i configured to be connectable to surgical couipment

that is mzertable into a perileneal cavitys

wherein the pump is configured © draw gas info the gas mpal

connection front & peritonead cavily through the first tube aod o discharge ges

out of the gas oupat connection and by g peritoueal cavily through the

secord ube;

wherein the msafflator aond the ges recivoniation & ignred to

s

recireulate gas frout the perttoneal cavity snd 0 mwintain a pressure within the pevtioneal

SEVILY.
3 A g regircudation systom for wse in oo endoscopiv surgical procedure, the

......... &

SYSET COmprising:
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S PRI COMPTISIngG:
® yrehor: angd

a punap cariridge coupled o the motor, wherem the pump cartridge

mchudes & gas input connection and & gas output connection, wherein the

pump cariridge i3 detachable from the motor, and wherein the pump carinidge

15 sealed such that # gas within the pump cartridee cannot contact the mtor,
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