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GAS RECIRCULATION SYSTEM
BACKGROUND
1o Techaieal Field text
[0 The present disclosues relates o gas reciroulation systers used o mintmally
Iwvasive surgiead procedures,
2. Background Informatinn

Beezl  Minimally byvasive suegical procedures, tnclading endoscopie surgingl
procedurss, such as kparoscopie, arthroscapie, hyteroseopie, thomeoscople surglead

af enviranmerd dus o shorter

procedures, sre bocoming more comrnon place in te surg
soovery times, shorter operating durations, and redoced costs. Minimally fnvasive surgical

procedures are typlcally perfbrmed with instruments inserted through small, actificiatly

ereated openings or portsls in the patisat,
{003 To o laparoscopio surgical procedure, 8 gas s injected o the periionsal cavity

Hengh an artificial opening i the abdomen oregted by a verres needle, Typically, the tpe

ol gas that 18 nfected s o OO, gas, g;it_‘mugh 8 mixiure of twe o more gases oy @ difforent gas

iy alwe & de
Gy g sed o distend the preumopsriionennn, thereby creating an alr space for the
surgeon to visualze the organs snd to manenver surgloal instruments and an adoscope. The

mnjpcted e the perttonea! cavity weder pressurs by an insnffiation devicn,

Examples of tsaffation devices sultable Ror this application are desertbed in U8, Patent No.
6,299,397 and ULS, Potent Serial No. 627037 893, which are all herehy invorporated by
reference.

[0004]  Adter the prenmoperitonem s Hest distended, gu endoscope with 8 camers

{which s conneoiad to & monitor) i3 nserted inte the abdonina] coavity 1o visualize the
fterior of the cavity snd, move particularty, the operative space. The endoscope typioally
remnains inserted for the duration of the surgical procedure. Cither oponings may also be

ated to provide secess w other surgical nstruments into the ahdorminal cavity,

P



[6083]  Th

ahdomen during & reivtoally brvastve surgisal provedurn, sech ds o parostapic procedure,

instrunventation used to out, cauterize, ablate or vaporize Hesue inside te

remuily o surgieal srooks wiltdoh may pose & hesldh risk o the patfont aiwd way also pose g
heatih risk to the surgeon and other individuals in the operating room i some or all of the

surgical smoke escapes to the operating room. As used herein, the s “surgieal ssaoke™

includes, withows Dmitation, pases ov asrosols that may contsin e, putioulate mutter,
frriiants, viahde colls and viroses, water vapor, and other contamdnants. Swrgical snoke alse

fopairs the surgeon’s visuahzation via the camers o the endoscope. This hnpatrmend B

slization can alse be father svceniupated by fopring or condensition on the comers lensy

due to the O gas entering the abdominal cavity af below body temperaturs, iﬁmp&iriﬁg

ration can interfers with the surgloal procedirs and resull in risk o the patient’s

P

o lead to delases o the operation, in

health, Furthermore, apairing visualization may
{ & 3

particntsr i operstions pvobeing robotic sxsisted surgivs procedures perforned remotely,

BRIEF SUMMARY

JOOIG] 1o oue sspeet, & gas rectrenlation sesten for use o s endoscopie swgdesl

procodure onmprises 8 pamy with & motor aod 8 poagp carteidpe coupled o the swtor. The
T

caririthe is detachable from the mootor and the puonp cavinidge is sealed such that a ges within

purng carivides includes a gas inpat consection and & gas output conpection, The puap

the pump cartridge cannnt contact the motor. The gas recironlation system also comprizes a

first and second tube iy Hold convrmdcation with the gas tepat and gas output connections,

respectively, The Sest aod second fubes g vonfigured o be connectahle fo surgical

equipment that 13 inseriable it peritoneal cavity, The pump is cond

foto the gas tnput contection frore g peritoneal eavity theough the Brst tube nad 1o discharge

ot o the gas cuipud connection sad inte a pertioneal cavity through the ssoond tubs
JOBGT] ey systems, methods, features and advaniages will be, o will bevome, sppacent
ey o with skill o the art upon exsnsination of the Bilowing fgures and detailed

deseription, It is intended that all such sddittonal systems, nethods, featuros snd advantoges



b ineluded within this deseription, be within the scope of the Jovention, and be proected by

the following claims,

BRIEF DESURIPTION OF THE DRAWINGS

{B008] PG Uis an ilustrative example of s embodiseent of & gas recironiation sysiem.
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aphe of an emb ation systent,

s mm}pia gross-sevtion of sy embodiment of 8 g recironiation pump

et
PN
o

cartridgs,

B8] FIG d s anotber exampls orosespetion of an embodiment of & gay meircalation
P cariridge.

[B12]  FHG. S i3 an exwnple of an embodinent of 8 gas reciroulation pump cartridge,

{B813]  FHG 6 s another eounple of an embodinent of a gas rectrenlation pump

i

cartridge

14 FIG. 7 15 an exunple of an embodinent of a portion of & sas reciroulation g
i & .

cariridge.
{H81§]  FRG. 8isaney
e FIGL 9

BT FHG. Wis so exanple of an catbodinent of & -L‘:s;a-';s:gs}ing method belween a gas

aaviphe of s cmbodiment of & gas rechroulation pump.

et

s it bloek dmgeam of 2 gas reoivoulation svatem.

recivenkation pump cartridge and 3 motor,

s

{O818]  FHY LD ixso example of an eobodiniegt of s connecting element used s gas

&

recironlation system.
{019]  FIG. 12 ig g ovoss-section of an ombodiment of p conneeting slement nyed i a gag

Hogs svsben,

PECITORY
{B828]  FIG. 1D s s cross-section of another ambodiment of 8 connecting slement nsed in
& gas rectrulaiion system,

[BE1] FIG. s ao sxanple of an ambodimaent of & bypass vilbve used in 8 as
reciveulation system,

ey FEG

recireubation systen

15 is an examipde of s soibodiment of & moisturs trap osed in 8 pag



i

{823 PG 18 v e exannple of anothey eobodinent of s molsture tap weed By a gas
rectroniation systent,

B84 FIG 17 is sn oxaople of an eoabodiment of sn eoclosure for 2 ges recireulstion

{BO25] FIGL B s an example of snother embodiment of an enclosure for & gas

revivoulating svstem,

S FIGL 19 i an ssamgde of ssother embodiment of an enel

recirenlation systam,

[T FHG. 2000 an example of another embodient of ms enclosurs for & gas

reciroubabion systonm,

{028 FIG, 21 iy ancther exsample of an embodiment of a gag reeirculation pamp
cartridas.

{29 FHG 22 i an example of another embodinss of 8 coupling method betwess a gus
recireulation pusap cartridge and 8 motor,

{00301 FIG. 33 dx an exanople of anothey sabodiment of g coupling method bevwea a g
recirendation pussp cariridee and o motor,

LA VR O

rechroulation system,

=~

24 b an sxanple of &g smbodiment of & thres-way valve wed fon gas

3 FIG. 25 is an oxanople of snothey embodiment of 8 throeeway vabve used in o gas

recireulatinn } sy stanm,

DETAILED DESCRIPTION

BO33 Them e ig divected to 2 sesten

pevitoneal cavily during & surgical provedore. The s 7t ncludes & p@gématf displacsment

parip w0 remove snd njeet gas info the peritonsad savily in order lo rermove simoks g
within the peritonsal cavity Juring the surgios! provedure,

[B834]  The prosent diss

lostwe provides a safe, cost effective gas recirondstion syateny with

ithization, The cost etfective syaten stilizes

component pards that can be reused without ste

 vather than sensors, o stitor the pomp operation and deteot fhalis. The sy




&

i ably 0 seldeve high romovad wad fifection Bow mates, for example <t 1 liers per

reinte, which enspres thet say sargioal smoke i quivkly sad effecttvely removed Bom the

surgeon’s feld of viston while at the same Hme minimising sov change in pressure i the

paritoneal cavity,

§:ﬁi¥3§{§§ Referring to FIG. 1, an embodinment of 3 gas reciroulstion syatem 100 ix shivwn
(igs re bathon wyatern 1O may include 3 reciroulation pasp HIS, 8 primmij gl s

116, 3 secondary output trocar TS, input tubing 120, sad outpat tuddng 135, Ouiput wabing

135 may inehade @ fher andfor modstore trap 130, Input tubing 120 and outpot tablag 135

i

may be ar to insuffation tublng sets manufsciored by MNorthgate Techerdogd
{0038]  Cias rectrculsiion gystom 100 may be wsed o confunetion with an insufflation

sien, such ay deseribed in UK, Patent Ko, 6,298 502 and U8, Patend Sevial Mo,

2 ‘....z‘?ﬁ%*‘:?ii.j which are all hereby ncorporsted by reforerce. The fnsafflation svydem may
inclade iy fnsuffstor 137, wn nsufflation frocar 128, insufflation tubing 129 connecting the

Habor 127 1o the msufTlation wocar 128, and o elpetranic communication e 129

ety mas rectreulbation svsteny 100 and insuifator 127, Gas rectrenbation svstens 100 may

£ ;rv

o with rosnifater 127 through em

fredide g controller to connumni
Indrmation or commends such as stut, stop, How ncresse, How decrease, or other fanctions
of the gay recirculation controlier conld resids v manfflator 127 and communieated t the

s repireulation contraller. Additionally or altormstively, the ges wetrenlation vontroller

e

condd be integrsied toto and shared with insufflator 187, The pas reoirenlation systom [0

'5, grapdie nser interfices, heat

sod hsuflator 127 mav shave power supplies, process
furctions, humidity fonetiors, 10 names 3 Sow oxamples,

8371 Rectroplation puatp 108 removes gas from the patiend theough secondery ouipat

pas)

troeay VIS, cutpat tnbasg 125, and Bhecmotstues tap 1380, Aovabve 135 may conneet
seecnidiey omiput wowar TS ro oulpat tubing 135 When output tuling 125 s connectad o

.

sevcnidary ontpul frocar 13 theough valve 135, the valve stome of valve 135 may be defleciad

P

to i open poesiiion. When valve 135 i disconnsoted frorg secondary outpat trocar 115, the
vabve stem of valve 135 wary rotuen to iy natues! closed posttdon, Vabve 138 may allow gas

gh the vabve when ontput tubing 125 §s conpected to secondary ontput trocar

=

foy Plovs thao




e

PES Yalve 135 may prevent gas from entering cotput tubing 138 when cuiput tubing 1338 i

disvonnectad frow sevondary output frocer FES Valve 133 may sufomativally olose when

ouipat tubing 139 is disconnected from secondsry ondpot trocar 115, Vabve 38 mavbe s

tuer valve, such as s Toxlum® or HatheyRoberts® beand of closed male luers,

{38 Rechreulation pump 1035 also byjecis gus oty the patient through primary input
trocar 10 and input tulving 1200 A valve, stnilar twoovalve 135, may connest primary gt
frocer 1 and fnput ndeing 130 and may close when Wiput tubing 130 i disconnected fram

privaary gt rocar T

{0839 Recirondation prang 105 reciroulates gag from the peritonesl eavity, throogh
Alterfmoisturs trap 130, snd haek ndo the peritonsal cavity, The How rste of gas tovaoesd

fron the patient through output tabing 123 iy the sone as or substantally stmilar to the Bow

rate of pas injected back into the patiot through input tuldng 130 Filee/modsture trap 130

v Hopuid from the gas and sy remove particulate fror the gas, such ax surgical

¢ particles, Fillsedmeisture trap 130 may toclude s media that readily sbeorbs liguid,

preferably up o 18 w 20 mi of Hauid, sl readily relenses motsture into the gas Dowing over

ar throngh the mediy. A medis that 19 snitable for wee fnclodes the Crystar® bramd of

riwterial, The stee of the media i prefershly e long andd 008 - 2.0 inches dn

disneter and most preferabdy L3 - 30 inches Tong and | L3 nches in diamster, Inone
embadiment, the medis mey heve » sermied outer surface and & contor opentng. When
hes

vehioh the gas can How and the conter oponing may be Slled with & rod compeising charcoal.

placed in o Bler housing, the serrated outer surfaee defines & piimm'i:i iy of chanel oponings in

The chareoal may entrap particulate matter in the gas as # passes through e center opening

and at the sanse U ey be effective ot rensoving undesirable odor

Addidon

hed using othey

y or slternatively, odor removal can be ave

s SuEyImatie mater tals, vinegar nd wortsr cavividgas, o pdor can b mashed usi

fragravces. Filterfmoistures trap 130 may alow the ges that is rectrondated B retain madsture

i i varvge of 30 - T relative buamidity, Prefors

aliow Ror the recircnlation of gas fo and fron the pationt snd 's:%-\‘:ifih assively nuintain

humidity Jevel of the gas that will be & minimum of 7% relative hunidity with the gas at



<Je
nornvd pperating room mperaturss bebwesn 88 - T8 ¥ gas

feny 10O may redoce o elintiaste the need for inaafTiator 137 o figect

rectronbation sy

e

additional CO; gas i the pevitonsad swvity and vy slso mataisin & reasonsbls ootsture Ipved
ix the paritoneal creity, oz opposed w added GO which, unless it fest passes drongh o gas
warnmer honudifier {an sdditioral cost) will be very dry, trpically st D% relative huniidity,
The rectrouiation of pas will net only redoee the input of 8% relative husudity gas, but also
ey preovent the breathing effbet coused by nsaitiator 127 atismpling o mnintais pressure i

0¥ s ot the

A

>

the pertoneal cavity, and prevent the dischacge of lovge amous of

o

= srrode ronoval systoms that allow s Tiber per minuie

Operaling room,

af QO gos inde the opersting room duding a novmad

pac

leak raley wiay dischargs wp to 370 1
45 minnte gall Madder provedure, Accordingly, gas meeirenlation system 1 s g cost
effective method to mainteiy wilsguate leanbdity of gas in the peritonesd cevity,

{40 Reloming to FEG 2, sn ombodiment of & pay recivosiation system 208 is showa,
{as reciveulation system 200 may inchude soms of the sy components and operational

characharistics as gas recirewdation svstean 10 Gas vecironlation sestem 200 oay elude g

gulpnt tsbing 235, {‘}m.mti fubing 225 may inclede » flter andfor fhdd trap 330, Eifﬁp-uif

tubing 220 may tochude o Hler 233, A valve 235 may connect cutput troeer 215t oudps

¥

fublng 225, A valve 236 may convtent tnput frocsr 21 fo oput tubing @ TA5, 236

ag when discomnectad,

by

sy opsrate with the e chapeieristic

gt I the same manner a8 valve 135,

{41 Bectroplation pumg 205 may be s disphragm pamg, or aay other suitable
displacement punp, inchuling & cartridges 206 snd & wmotor 207, Cartridge 206 may be

dizeonnectable from ootor 207, Motor 207 may be any teps ofmotor, Motor 207 may

preferghly be, bt oot Bndied o, & divect cueret (DO motr, Carteldes 206 may be sealed

to prevent gas from escapdng cartridge 206 except theough the connoetion o inpat tubsiog 2

and outler wblng 2235, Carteidpe 206 oy be conposed of aaltiple componieats that sre

attached o one another, such as by plasenic welding, widng adhesives, laser welding,

anteal snapping connection with or without 3 gasket, or any other kbnowry method of
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combvining and sealing mating surfees together, Cortridge 206 may be soaled so that 1w

caly i fludd commumication with the opening o nlet lohing 220 sod outlet odsing 335
Accordingly, gas witldn carividge 306 may nob come 1 conteet with motor 207 or other paris
af reciroalation pumy 205, The gay regirondation syatem may be ay inespensive method o
rerovie sueglon] smobe from a patient’s peritonse] cevity bevause motor 207 18 hot

ontsmingted from contact with gas from the perftoneal cavily, and therefors, can be revysed

reabion, The portions of restrculation puap 205 that may have been

without requiring steny

cottaniinated fom contact with gos from the paritonsal cavity such as cortoidge 208, may be

{08423 When in operation, the gas recirenintion syvstern 200 roay remove gas, inelading
surgical smole, from » peritoneal cavity preferably at o Sow mote of 4 - 18 ers per minge
and most preferably ats ow mate of & - § iters per minse and, adter Sliration, infect it back
inte the peritones! cuvity preferably at o How rate of 4 - 10 Hters per nvimute aml most
preferably at a How rate of 6 § liery per wisute. The gas from the peritonsal eavity firat

pravels theough output trocar L5, Srough vabve 335 and Dyte output tobdog 225, The gas

thromgeh S frap 230 which ey remeve condensate ¢ Boutd that fonns dus o

> i ternperataes of the gos {Le, from body emperaturs B room temperafure) sad
ador i a charesal vod, {an desoribed shovey or & separste or inteprated sotivated charesst

of recircndation pumyy 205, The gus

iy wavel ?tiisf'etst;;gia & fiher that s in‘ii&.d hefive ar after rectrealation pamp 205, such as

filters 230 ar 232, The Alter may remove parttcalate matter sad other contaminants from the

gas. The flter is proforably is made of & nwteriad that provides o prossure drop of wo move

oted back min the

than 2.3 musHG at a 20 e per mdrade Sow mte. The gas vy be iy

seriioneal cavioy Uwough fopat tubing 330 vabes 238, and nput teoesr 21
2 & i

i

{8431 Recwculation systern 200 may inchade comtradlor 240 to oontivol the operstion of

raoter 207, Controller 340 may be combined with or used w conjunetion with an insufflar
cormectod o rectronlation svstern 200, Comdroller 240 may be the Tiva® (Texas
Instromments) brand of controllers. Contredler 240 Finay be tsed to detect oponsting sod Hall

iasues by gay reoivculation system G Controtler 240

conditions of motor 207 sodfor safety




e

mavy detect the smount of power drawn by motor 207, such as by messuring the voltage to

i b ovcureed

motor 207, Controller 240 may detect or determine that a faull ar safaty

e 200 based on the amount of powey drawn by motor 207, For

i s reciveulation sy
example, controfler 340 way deternine o faudi condition or safety ssoe cocurs i motor 207
draws more power than expected, as measured by an incrsase In volinge or Curvent geeater

el

than 2 predetonmined amount. Controller 240 may trigger a shutdown of motor 207 i a fault

condition or safety ssue occurs, Using controller 240 o detect fiult conditions or safety

%,

fssues i gas reciroulation gystem 200 may be more cost effective than using sensors.
[044]  Valves 235 and 238 may be configured to close i they are disconnecied from
output frovar 215 and mput frocar 2H), respectively. Clostng vabve 238 when it s

viok entrainment of ambisnt air ingo the suction

discvnmected from outpat trocar 215 may res

side of gas recirculation system 200, Any ambient alr entrained in gas recirculation systeny

0 would be ingey the peritoneal cavity by e Sortiosry oy L *

260 would be injected into the peritoneal cavity by recirouniation pump 20 asing valve
236 when it is disconnected from input trovar 210 may prevent discharging gas from the

peritoneal cavity into the ambient environment,

LS S B

gas recirenlation system 2000 A pressure differential may tnorense the load on motor 207, as

i the gy clrouit of

e valves 235 or 236 may oreste g pressure differen

@ i vollage of current drawn by motor 207, i the inerease in voltage

measured by s inores

or current is ahove g predetermined threshold value, controller 240 may detect & Gl

4

condition or safety issae in pag recirculation system 26

Wi, Controller 240 may trigger s
shutdown of motor 207 upon detection of a fanlt condition or safety issue i gas recireulation
system 200, For example, valve 233 will close i valve 238 and output tubing 225 are
disvounected from oniput trocer 218, Closing valve 238 will cause veeirculation punp 208
to puil suction o a closed tube, which will force rechroulation pump 205 1o work hardey and
motor 207 1o draw more power in order to maintain its proper speed. The inorease in power

drawn by motor 207 mray result i a fault condition i the voltuge or current incresse is above

a predetermined valpe, Upow detection of the fhult condition caused by disconnecting valve

235 from oufput trocar 213, controlfer 240 nuay trigger recirculation pumyp 205 1o shut down,

s B valve 236 and input fubing 220 sre disconnected from mput

Kimtlarly, valve 236 will ¢l
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trovar 218, Closing vabve 236 will cause recivenlation pump 303 o purop against g closed
fube o Vdead head,” which will fores recirenlation pomp 203 to work harder aud totor 307
o drasy more powsy in order fo mainiaiy U proper spesd. The inorsase i power deawn by
et J07 oy resudi i g faalt condition i dhe voltage or current Incregse s abuve a
predetoenmined vabue, Upors detoetion of the fanlf condition caused by discomnecting vabee

236 from inpat trocar 210, coptrodler 290 may rigper recironlation pump 208 o shut down

Accordingly, gus rechroulation system 200 may monitor the status of vuiput tubiog 22§ aad

fnput tubing 320 by usiog convoller 240 to mositor motor 207,

[O48] oo simider manner, gas recireubation system 200 muy monitor the conmestion

status of fnput tocar 210 snd owlpai oesr 215 with the peritonsal savity. Removing nput
frooar 2HY or outpu trocar 215 from the peritoneal cavily will affect the operation of
recironlation pump 208 and moter 207 by changing the pressuce of the suction seawes o
discharge souree of reptroulation purep. Controller 248 mav detect the change @ operation
of the motor 247 and determine that foput trocsy A1 oy outpuet woesy 215 has been removed

from the peritoseal cavity, For sxample, removing mpad trocer 210 from the paritenast

o 07 to mainiain the eune spead beoauae

iy would decrease the powey reguaired for potor 3
reeironltstion punp 208 wondd no longsy by pamping o ovarcontse the indraperifonsal
prassure. Controer 340 may detect the deersesed poveer deawn by motor 207 and detenming

that input trecar 210 has been discopnected from the peritonesl cavity, Controller 340 may

tor shutdown © provent gas from the perttoneal cavity

then trigger reciveulation pump

erdering the amblend environment.

T Gas reciroulation syvstem 200 nuy include 8 user lnterfice 245, such ss a

computer, o allow ag operator fo deternrine or confim the status of gas revivenation system

SO0, For sxanmple, ioonivoller 240 shots dows reclronlation pump S5 boosise valve 335 i

disconnested fror outpat irocer 218, user nberBioe 243 nyay display the roctreuiation pump

205 1 shast devwr angd that the likely canse iy outpot tibing 235 being dliscontectad from

oratprot rocar 218, A operstor may confing thet output tubing 325 i disconnected from

caipul rovar 215 and reconmect 1t iy arder to resiaet reciveidation pumyp 208, ’iiiﬁii.&fﬁ;@, s

operator may deteraune iother fhadt condiitons have scoered, sued

ag blockase,




i

connected or damaged

restriciion in the gas path, or a leakage in the gas path, such as i

tubing.
{BO48]

recirontation pump is shown, Cartridge 306 may be used in a recireulation pump such as

3

ering to FIG. 3 and FIG. 4, an embodiment of p oartridge 306 used tna

peirculation punps 205 described i relation to FIGL 20 FIG. 3 aned F30E 4 shonw o partial
B H
ih

WS, Arrows

eross-sectionsl view of cariridg owing the gas How path are included

306 inchudes connsciion

ervcler o bty ¢

cribse the operation of cartridge 306, Cartrie
356 to cuipn tibing, such as oulpat tabing 325 o FIG. 2, that may be conneeted e a

pertinnesl covity, Cartridge 306 includes conpection 332 to input lubing

&

such as input

fubing 220 in FIG. 2, that may be connected to a peritones! cavity.
{0049 Cias from the peritoneal cavity enters cartridge 306 through connection 350, a8
shown by the arrow in FIG. 3. Cartridge 306 may include valves 354 and 360, The gas

306 through valve 354 fnto diaph v chamber 356, as shows by the

travels inte ammi

arverw dr FECGL 3. The gas travels aut of carteidge 306 from Saphragr chamber 356 through

valve 360, as shown by the arrow in FIG. 4 {discassed below), Valves 354 and 360 may be

<

;B

umibretla valves, The diameter of the gas opening 362 through valves 354 and 360 may

between 0,08 inches and 013 Inches sad may be preferably o disoweter of 0085 inches. The
gas openings 362 may include more than one concentric opening, such that the combined

e of 4 Liters per

> gas openings 363 may be sized to permit fow rates within a

bl

sdsste up to 10 Hiers per ninute and 2 preferred range of 7 to ¥ Hters per minute, Although
e &

flow rates of 4 — 10 Hrers per minute are an seceptable flow range, higher or lower Hhow rates

can be achieved by enfarging or reduciog the size of the cartridge, increasing or decreasing

w

the motor stroke length o change the volume op

tedd within the diaphragns ea

ncreasing the speed of the motor.

{B050]  Carmidge 306 may include a diaphragim 338 in diophragn chamber 356,

Movement of dinpheagn 338 away Fom valves 354 and 360 opens valve 334 and dravs

through valve 354 into diaph or 356 o by the arrow in FIG, 3. Valve 354

my be pulled open when diaphragm 358 moves away from valves 354 and 360, which may
3 k d L J &

draw pax frony the peritoneal eavity, throngh ouiput tubing and into diaplhragm chamber 3356,



as shown by the arrow 1o FIGL 30 Valve 360 may be pulled clesed when diapheagm 358
moves gway Tom valves 354 and 360, which nuy provent gas from exiting or eateriog
diaphragr chamber 338 through vabve 360,

Besy Movement of diapheegrs 358 wward vabres 354 and 360 opens vabve 360 and
pushes gas from daphragm chamber 336, through valve 360 and out of cartridge 366

through conneetion 332, ax showen by the arvows in FIG 4, Movemers of dispheagm 338

foward valves 354 and 360 closss valve 354, which may prevent poshing gas out of

dhaphengin chonber 356 twough conpection 350, Reciprocs! movement of diaphragn 358

osvard sond away from valves 354 and 360 diws gas from the partionea] cavity, through any
filter or Houwid frap in the cutput tebing, and pushes gas baek into the peritonsal cavity

through the inpot wbing,

LS

~

{82 FHGR, 527 show other example enabodiments of cartridges for vse in a gas

recivenistion pump, such ss recirenlation puasy 305 desoribed In relation to FIG. 2. The
componsots snd operational charascteristics of the cantridues show i FIGS, 57 may be
sinilar te canvidge 30, desoribad gbove,

053] FIG. 5A shows an exploded view of cortridge 506, Cartridge

connsctions S8, 333, valves §

4, 360, diaphragm 358, snd plunger 564, Vabves 3534, 560

o

wrey be the gas iodst into carteid

may beownbrells valves, Conngetion

4, S6d ia order o reclroulate pas theough the paritoneal cavity, as
described ghove b reforence to FIGS, 3 and 40
{854 FHG. S8 shows 8 non-eoploded perspective view of carteidee 3060 FIGL 8O shows

s S, PR ST chows u side wivw of cariridge SD6,

3 front view of cartis

{S5]  FHG 00 shows an exploded view of cartridge 606, Cartridgs 608 inchudes
un 634, 660

commections 830, 633, vabves 854, 660, diaphragn 658, and plunger 664, Valwe

my be wbrelly vabves, Connection 856 may be the ges nlet into cartridge 608,

Connection 652 may be the gas outlet fom cartridge 606, Plunger 664 may move diaphragin
G858 townrd valves 654, 661 in order to recirenlate gas trough the peritonesl cavity, a8

dosoribed above I reforenes 0 FIGE Fand 4,



{886 FIG. 68 shows o nop-exploded perspoctive view of cantridge 8060 FIG. 60 shows

w fromt view of carteidge 606 with excmplary dimsensions, FIG. 6D shorws o stede viow of

cartridge 600 with excuiplary dinessions, The dimensions and avientations of the

componems of cartritdge 806 may vary dopending on operstiona? requirpments,

BEST]  FIGL 7 shows muliiple views of the gas infetoutiet section of cartrldge 706, FIG.

pi

TA shows @ perspeative view of the ges inletoutlet seotion of veriridge 708, FIGL T8 is

i wisw of the pas inletfoutie! section of cartridgs 06 FIGL TC s o bottons view of the

-mfris;ig T with exen mi wy dimensions. FEG 7D s g side view

g led

~sectional view

section of cartridge YOG with sxemphry dimensions, FIG TF aside o
of the gas inletfoutlet section of cartridge 706 with eyeraplary dimenstons, FIG TG &
anether side cross-seotion view of the gag infetoutlet seotion of cartridge 706 with

exemplary dinensions. FEG TH i3 botton ovossesection view of the gax infetvatlst section

of cartridge 706 The dimensions and orientations of tie components of carttidgs 706 may
vary depending o operational reguiranesis,
{B0S8]  Reforring to FRE R, an embodiment of » recireubation pump 305 is shown,

Recironlstion prrag 805 may include 8 cartridpe BO&, 8 motor 807, & ernk asserably 866,

¥

ook anas

&8, amd g cortridee holder 870, The somponsats and operational

charscteristics of reeiroulstion pumg 883 may be stwsiler o resiroulafion pump 3§,

f/;

deseribed shove, Meotor BOT may be conpected to orank assembly 866 tdoough o mechaniesl

coupling, Motor 807 may provide rotatfonal motion to ovank assembly 868, Crank &&&emﬁﬁy

H66 may convert the rofational motion fo & rectproesl motion. The reciprocsl muotion of

erank ausembly 886 may wove s Hapdesgnt within cartridpe 806, a8 desortbed ahove with

reference to FIG. 3. FHGE BA shows cartsidge 806 detached from receondation pusmp 803,

Carividges U8 may be detached fom recifculaiton pump 803 & order fo sterilize or dispose
of cariridee 806, Beomuse cantridge 806 may be the only component of recirculation pump
B0 that comes In ponteet with gas from g patfent’s peritones] cavity, the rematning

components of vecironlation pump $05 may be revsed with a different patient without risking



patient safity. Caviridge 806 may be storilized or disposed of after use with & pativat sod &
new cartridge 806 may be inserted fnto rocivculation pump 805 for the next patient,
BO89] PG, 8B shows cartridge R06 seried into cavtridge holder R70 of recinvulation

paunp 80, Carividge 806 may be socured within reciroulation pamp 803 with locking arras

K. Locking svms B68 nay inchade protrustons 872 desipned to fivwithin recosses 874

nosted o cartndge 86, Protrusions 872 may be best seen i FIGL 80 Recesses 874 may
e best seegr dn FIGL 8C

acsd B roness

feder R0 when

b cartrides b
artridge 806 may be

Cartridpe 806 sy be scoured wi

released from carividge holder 870 by deprossing the ends of locking arms B88 and then
Hiftiag cortridgs SO6 from cartridgs holder 870, The method of seouring snd releasing
cariridge 806 from reclrculation pump 808 nwy vary depending on operational reguirements.

£

{0868]  Refeoring to FIG 9, an embodiment of & pas recireulation system 9080 is shown,

Oy reciroulation system SO0 ney Include similar components sud opersting charseteristivs
a% the gas recironlation gystems Jescribed tn FIGR, -8, Gas vecironlation svstom S00 may

elwde reerreudation pusgy W, pung curividge 906, metor 307, fnpat vrocar 910, cutpns

antrofler S48, user misriioe M§,

frocar 915, vadves 935 and 936, fuid tap 930, fller 932
and power supply 976, Controller 940 may include DO motor contral ciresitey 978 and

processor cirosiiry 980, User interfacs 845 may include a computer with software, such as
LabViews

B8] Gus reedroulation svstom 900 may monitor the Iosd placed o motor 807 in order

o powtrol some ar all cotaponents of gas recirenlation systern SO0,

ey detent faulis or safely fssues with gas reclroubation system 000, The foad on nwitor 907
may be monttored by measuring the corrent change across & vesivtor located in the power
path of owdor 987, sueh o by conneoting the resistor 1 an A-D converiar fo teasure the
gurrsrit. The curreat will change as die 1oad on mictor 07 changes. The surrent
mensursenit may be moasursed by ven! B or sy Inchude a delav, A chanigs o cunvent
above o below s prodotermingd value vy indicate that gas revlrculation systern 900 has g
fault or salfety issoe and may inidate s shatdown of vecirculation pump 903, Software way
be included, for example in controller 940, to sese s chimge in cuerent and o infiiate &

shustdwn of motor 907,



S

{062 The predetermined value of current that defines when a St or safbty issne cocwrs
ey boe based on an average ourrentt wher gas roviculation systern 908 15 aporsting
nevmnatly, & curvent messurement shove the sversge vadue may indivste o Sudh or safety
condition, such ay 3 disconnectod valve 935 or 936 or au occlusion in the tnbing connecting
recirculation punp 905 to a paticat’s peritoneal cavity. For examply, i the average cureent

mossured while motor ¥7 was driving & dapheagm in cartridge 908 during novasad speration

was (L3A, 3 measwed current of 4A may indicate an acolusion in the tublag connerting

recireulation pomp 903 to the pationt’s peritoned cavity and & meastred corrent of 084 may

inddivate one of vabves 935 or 936 were disconsected, Other methods or statistios eonld be

weed to define when o fealt or salety condition oecurs, sueh as by using 8 varivoee of

fast & stoved fae teasphate or frequeney template.

FERSEERE wred carresds or a Ci.‘i'ﬂf.)ﬁf

Additioaatty or shematively, & provessor in controler 94 may be capable of a Fast Fouries

Transfoem o i« the frequeney content of the current messurement signal,

{B863]  Interfce MY hetween pnp cariridge 906 and moter 907 may be o mechanical

procedurs. For example, I the toedesnn length of fioae for & surgical provedurs s fowr

Bowss, interdics M1 may be desigoed to operate continuously without ereor for elght hours,

[064]  The speesd of micder 307 may be speoified to allow the delivery o000 gasat v tate

Chrand bigh

of seven Hters per numie, A wotor sultable for motor 907 may include & Moo

speed motor, The ki operating paramctery for motor 807 may be the torgque, speed, and

faudt conditions. The operating current of motor 807 may be specified in soveral wavs,

)

as the normal operating cwrrent, the falt corrent; the inflate state curvent, and the defipte

stote cupreit. These curvent walues miay be used o define whea mwotar 907 should be
shutdown doe w o b or safbty condstion.

{8063 Interfoce Bl i between motor 907 snd DU motor contral ehouitry 978, Thers
iy be edght Unes iy imerfses Bl The cipht Hnes iy include 2 Une for sach of the theee

drive phases of motor 907, & line sach for three hall seasor pickups, a Jine to power the hall



<1f-

sensors, and g oo fora grommd, These eight Hoes may be sommon o omultiple motor
reanulectorers,

{B866]  Interfce B s between DO motor contral sirendtry $78 and processor cirenitey

VRO, There may be mudtiple Hoes i this ioerbes depending on the method of speed contrpl
sndd foedback,

067 The speed of motor 307 may be controlled vaing two methods: voltage sad digitd
contn! of the motor, The Best msthed using voltage control would resudt b the proes
a:-i:mmi{:ry' SRG s&:}dmg a voltage 10 the control f;‘-é_rﬁ:‘uitsgy‘ S8 viaa p*;‘.‘r‘i'{tmi{smfiﬂiﬁr 0r gz«uiﬁﬁar wishih
by having the processor iveuitry 980 provide the voltage of 323V w the motor control
eireuitry. The secord method would invedve Dn the processor clrouiiey 930 seading g digiiad
signal 1o the motor control clrouityy 978,

{068 Gas rectrvulation systers 900 may deteot fwe fanlt stetes that are recoverable, such

as the mflate feult state and the deflate fwlt state, Other fuall states niaw ooy that me nw

recoveratde, soch as a probleny with motor 907, The inflate Bkt state may be when the gy
cirowdt on the spction side of gas reotroulation pomp B0F is broken such that smblent air is

drawa indo g recironlation syston 900, for exaople i valve 339 iz disconneeted from
output ocay 915, Sueh o statg Ix named Vioflate™ beoauss recireuiation punp %05 may
idlate the paiient’s peritoneal cavity with ambisnt siv ¥ recireulaiion punp BOF is not
shptdowns, An slternative o shutting dewn rectrculation pamp 903 i an inflate fault state
poenrs may be to reduce the gas Sow tieongh recirenlation pump 305 o o small smount in

crder to nanimize the amount of smblent alr pumped into the peritoneal cavity, The deflate

fanlf state niay be when the gas cirenit on the disels { oy reeionlation pump 905 8

broken such that gas o the peritonesl caviby is puraped inte the amblent eavirounent, for

A2

exammple I valve 936 & disconnected from loput trocar 918, Such o state s namsd “deflae”™

hecause the perioneal cavity may begin o deflate due o the Toss of gas from gas

recironlation systens 300, & deflste fanlt state may cuuse the setivation of an inseflstor

<

connected fo the pevitoneal cavity i order to vaintain g desired infiation level o prossure in

the perltones! pavity,



Y] CGas vecireukstion systen: 800 roay be controlled through user tnterface 948, User

fterfioe 945 may be loonted in gas recirculation system 300 andfor In & computer connested

for s recivoudation systen SO0 Uhsey fnterface may be mufiinoede wnterfbes which may be
controtled by software, such gy LabView®, The st mode miay be Output and the second

mode may be Control. n Outpat mode, the provessor in contrafler 940 nay output

information regarding monttoring motor 807, Sucly information may include motor speed
{RPM), current fmnd ko valtage (VL and maotor stste,

[U70]  Reforing o FIG, 10, an enabodiment of & gas reclrondation system 1000 i shown,

G pecieoniation systom 1000 may nelude sinnlar components and operating charsct

ax the gas vectroniation systoms desoribed tn FHGS, 1990 Gas recirenlation systess 1080 may
snclade 8 magnetic coupling between the dlapbeagm getuator TOXT and the motor coupling

arm 1OKZ such that when the prmp carteidge 1008 i3 tnserted invto position, & mugaet on the

dinphragry notuator 1081 s drawn to & magnet i the motor coupling ama 1082, Ouve the
magneds ave degwn togsther, the diaphvagm sctmator ST will follow the motor coupling armm

FOSZ up and doway, :;Mslg pngsiiﬁ:g action i the pump canteldge 1006 (s dacossed abavel,

up and down, The magretic coupling may be an

clectromagnst that is eveled on sod off to create and relesse the coupling between the
iapheagm sctnator 1R and the owotor coupling avm 1082, sueh as Ry removal of the parip

cartridge 1, Alomatively, the magnetic conpling may be 8 non-electromugnet. FIG. 104

shows the pump cartridge 1006 with 8 mapret on the daphragn sotuator 1081 beften it is
inserted and coupled o the motor coupling arm 1082, FIG, 198 shows the pusp cartridpe
HOO after 3t i3 doserted and the diapheagny sctuator 10KT v magnetically conpled to the

motor coupting arm 1082,

{071 Alteroatively, rather then using 8 motor with o coek aom to moves the dapheagn

actustor 1081 up and down, an oscillsting mapnetic field could be used 0 move o megaet

¥

attsched @ or snbedded in the Haphragm sctustor 8T tn order o mowve the diaplrsgm

actimtor 1081 up and dewn sod create 3 planping sotion s the pang certridge 1006

1

Additionsily or sltermatively, 8 spring located within the pump cartridpe 1008 could provide

R

ppward motion of the disphragm, while & motor with 3 crank o could provide the



downwand motion. Sueh s arrangeroent may slowinets the need o conple the dlaphragm
with the moler onank srm,
BT FHG 1] diseloses an emmbodiment of valves connecting the input and ontput fubing

s Srpeaes, soch as vabves 138, 235, 238, 935, and 936, Valve 1138 1n FIG, 1 vy fnelude o

rotatable collar with & movable section, such that when the valve 1135 is finmly connectad
the valve 135 iz open to allow gas How sad when disconnected provents gas fow. FIG

LA shows an expdoded view of vabve TS, which may nchude s voale hoer lock fitting 1137

that joins with o feovale Iner fting (oot shownd and rotages to allow gas Sowe. Valve 1135

may alsa inclode o sleeve and tobing conpection 1138 fo conpect o input or output tuhing

s o-ring to provent leakage, snd 8 part o hold the rensiniog componenis in place. FIG
1B shows anend view of vabeg 1135 and FIG. 11O shows & side view of valve 1135, FIGE
LI, 1IE, and LIF show sectivn views of valve T3S, FIGL TIF shows tabs 1139 that

=%

provent over-rotation of te mule luer lock 1137 fisting portion of vabve 1135,

{873 PG 12 discloses o sectional wiew of vabye 1135 in the open flow configuation.

The arrows in FRG 12 disclose the gag flow path through vabes TES when male luer lock

G 8 iroess, the nade

v s How, When valve 113

fuer lock Sl LT rodates nside o stationary steees TR, sligaing opewings i the wds

tuer lock ftding 1T with openings in the sleeve 113K and alfowing gos w pass theough.

tx disconnected, the oponings become misaligned and block the How

£

When the valve 1133
of gas,
[O074] PG 13 discloses @ seotional viow of vabve 1135 in the closed flow configurmtion.

The arvows v FIGL 13 disclose the pas How path stopping i valve 1135 when male huer lock

fitting VI3T s rotated to prevent fhuild Sow.

A5

{075 FHG. 14 discloses an embodiment of & gas recivonhdion systen 100 Gag

Holeristics as

récirpubation sysiem W00 may inclade stthar conaponents and operating o
the gas reoirculation systems deseribed in FEGS. 1-13. Gas recireulntion systom 10U may
:Srimmﬁ& a bypass valve 1483 that is looated botweon ontput tubing 1425 and input tubing

1420, Arvows lovated in FIG. 14 may show the gax fow paths, Bypass valve sy be

normally closed such that there is po ges Bow path betwesn output tubing 1425 and input
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tubting 14200 When bypess valve 1483 is apen it may oreate & gay fow path from inpat

?’;

m

tubing 1420 to output tubing 1433 &5 shown by the srrows il FIG L The gas How path

from foput tubing M0 o onlpad tubing 1435 may create » civordating gas boop srowd the
paunp cartridge 1406 that may Bt the dewastream pressure that can be pencrated duaring the
pumping ovele. For example, opening bypass valve 1483 may diven a portion of the gas

o

flow from the pump cartridge 1406 intoe the output tnbing 1425, which mwy prevent
By + e &

pressure inoreass downstream of bypuass valve 14830 Bypass valve T may Be p onsway
2 ¥ ¥ ¥ 3

prossure relieve valve, such as & Mintvalve ov a HalkeyRobers® valve, such as o Duck Bafl

vabve or e Spring Losded vabee, Bypass vabee 1483 can be selected 1w open sutomatioglly
based on the pressiwe present st the inlef side of bypass valve ME3, or ab snother Tocstion
downstream of pamp cavtridge 1408, For sxample, bypass valve 1483 can be selegted 1o

oher than 1 pei, depending on the

opetatapr

e as fow as €0 pal fo a prossure b
apphication. (€ may be prefered tiat bypass valve 483 open when the pressurs i
approxhuately i the renge of 015 pad o 0.55 peb

HT6] PG IS diseloses an smbodiment of s mcisture trap, such a8 mooisturs traps 130,
330, a0 93 W

shownd where goas Hows from the patient to the re

Psture tragy D530 o FIGL 15 may be locuted i the output nbing fnot

bation pagep (not shownd, s showen by

thee arvows in FIGL 13R, FIG. 138 shows o secton view of motstues trap 1530 that ingludes

"'V';

tube 1584 thet exionds within mosture trap 15330 Tube 1584 begins ot the gas inlet stde ol
rapdstore trap 530 and ey extend toward the cutlet of molsture trap 1530, but may usd
conttaet the outlet of modsture teap V330 such that there 1n & gap hetween the end of tube 1584

el the outlet of modsture trap 1330 The gap may sllow Houdd located within the gas to raln

ol hefore the gas resches the outlet of motsinre teap 15300 The Houid that s vemoved from
thie gas way collect within motsture tvap 18300 The sive of the pap bebwesa the sad of tube

P38 and the outlet of medsturs trap 1330 may bevarded based on the apphostion, For

sxmnple, applivations with higher gas velooities way reguive & kyger gap to sllow the Bguid
i the gas 0 e out, wheress spplications with velatively ower gas velooities may require a

smatier gap to allow the Hauid in the gas to ain out. Molsture trap 1330 may not inclade

abaorbent medis to collect the Houid within moisture trap 1530, Moisture trap 1330, and iy
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components, may be constructed of any suitable materis! to be in contact with Hgnid, such as
plastic or metal.

BOT7] FIG. 16 discloses another embodiment of @ wedsture trap, such as molsture raps
130, 230, 930, and 1830, Molsture trap 1830 in FIG, 18 may be lovated in the input fabing
(not shown) where gas flows from the recirculation pump {not shown) to the paticat, as

shewn by the arrows in FIG, (6B, FIG. 16B shows a section view of mioisture trap 16360 that

ineludes ingur tube 1685 and omput twbe 1685 that both exsend within moisture trap 1630,

Inprit fube 1684 beging at the gas infet side of moisture trap 1630 and muy extead toward the
outlet of moisture tap 1630, Output fube 1685 begius at the gas outles side of moisture trap
1630 and may extend toward the infet of molsture trap 1630, Input tube 1684 and output
tabe 1683 may extend past sach other within moistore trap 1630, creating an overlap a3
shown in FIG, 1683, such that gas entering woistre trap 1630 from inlet tube 1654 cannot
flow directly into putput tube 1683 without first flowing through the interior of moisture trap
1620, FIG, 168 shows that infet tube 1684 and outlet tube 1683 may include bends such that

portions of the tobes overlap while the infet of inler tube 1684 and the ontlet of cutlet tube

[ARS remain axially sliawed, Lignid within the gas may rain out while it is flowing through

fhe interior of moldture frap 1630 and before it Rows out of moisture trap 1630 through

putput tube 1685, The Hguid that is removed from the gas ey collect within molsture trap

b

1636, Mpisture trap 1630 may aot inchude sbsorbent media to collect the liguid within

o

rapisture trap 1630, Molsture trap 1630, and fis components, may be constructed of any
suitable material to be i contact with Hauid, such ay plastie or metal,

HTR] PIG. 17 discloses an embodiment a gas recireulation system 1700, Gas
reciveutation systens 1700 may include similar components and operating chameteristics as
the gas reciroulation systenas deseribed o FIGS. 1-16. Gas revireulation system 1700 may
inelide vecirenlation pump enclosure 1786 that houses some of the components of gas
vecireulation systern {700, such as ¢ recirculation pump 705, pump cartridge 1706, motar
1707, controtfer 1740, waer interfage 1745, power supply 1776, DO motor control clrenitey

F774, and processor civenitry 1780,



2.

ECR

OO7T9] FIG. 174 discloses gos reciroulation system 1700 with the cantvidgs door i?}?ﬁi?.

showing pump carteidpe 1708 installed inswde sochoswre 1786, FlG, 170

view of gas recirenlation svstem 1708 showing the pumyp cactridye locking wechanism TR7,
Prrag cartridgs locking mechanism 1787 may nclude spring 1788 with ball 1789 loested wt
one ond of spring 178K, Spring I78K owy exert force on pump cartridge 1706 through tall
P88, which may lock prmp sarteidge 1708 within enclosure 1786, Alternatively, spring
PTRE may exert free dircotly o pump cavieides TTO6 without ball 1789,

[GORO]  FHE. ISA i g perspective view of

2

s rectroniaiion svs

e P00 with pump

o

ge 1708 in g presinsertion position. FIG. 1RB by o pergpeotive vivw of gas

pay

earieid

oy

resivenketion system UTO0 with pump cartridge 1706 nstalisd in enclosure 1786,

[OR1] PG 198 fe o perspective view of gas recirendotion svstem 00 with the carteidge
door clossd. FIG. 198 iy 1 perspective view of gas reohroulstion syster 708 with the

gariridge door opea and withont pareys cartridge 1706,

{821 FHG. 20 discloses views of gas reciropiation systens 1T with the cartrudge door

glosed. The Jme g shown fn FIG, 30 ave exemplaey and may be wedified based onhe

gpplication of gas rechrouiation system 7O

Ba83]  FHG 21 discloses wo conbodiment o go reotrculation system 3108, Gug

revirculation system 2100 may nelude similar components sl operating characteristios

the gas recimulation systenis deseribed In FIGS. 120, Gas reciroulation systony 2100 may
include pump canvidge 2106 with a coded connector 2180, Connector 2190 may be
deseribed tn US, Patent Mo, 9,283 334, which is hereby lncorporsied by reforence.

mector 2190 may be abile o identify i the corvect pump cartridge 2106 is comnsoted to

reciveniation pump 2108, i purg cavieidge 2T bag been used praviousty, or to select and

561 gay reoireulation sestem 2100 to opete seonrding o speoial settings, sioh as How rates,

FIGE, 21A - 21H show perspective views of pump cariridge 2106 with comnsetor 3180,
B884]  FIO

recivontation s

o Gas

Jiscloses an ombodiment & ges recironlation svstem 3

iy 2200 may include similar componots and operating cheracteristios as

tie pas rechouiation systoms desedbed fn FIGE, 1.21, Gas reciveutation system 2200 may

inclvde components that allow the pumy carividge 2206 (oot showa} to be coupled with the



mictor eoupling anm 3

Lot shown) without knowing
il

enclosore L3380 w se the focation of the motor conpling arm 228, PG 224 shows a

eartridpe 2206 tolo the ge reoirenlation systent enclosurs

g over o look bwide

the exact location of the motor coupling avm 2282 snd without ber

a2

coupling shaft 2291 sxtending from the font of the motor coupling sem 2282 Coupling

shaft 2291 may include o tapered end portion to aid sertion of the coupling shall 291 into

the corregponding opening o daphragn aclustor 2381 (oot shown in FIG. 33, shown w

FIGS. & 6, & and 21} Diapheagm sctisdor 2281 may include s corresponding fagured

oy

S gy exntond frowt the bak of the moios

coupling srny 2282, Locating pia 3292 may B within locating slon 2393, FIG, 338 shows s

detail view of the conpling shafl 2391 and locating pin 2292 sxtending from the meler

7 5

conipling arm 2282, Locating slot 3393 muy be foured i the mowst for pwodor 2207 o other
i B e B

Riing

slot 2293 as maotor 2307 causes motor conpling aray 3382 o meve up and dowa, Lovating

Sy i ¥

slof 2397 will resteiot the side to side wmotion of Tecating pin 2392, Because locating pin

292 3 conneeted with mutor coupling som 2282, the veatriotesd side to side motion of

Tovaiing pin 3302 will snsre thet motor conpling arm 2382 sad coupling shall 3391 veroain

i apgrokinately the saroe vertioal phane regardless of where moter conpling arat 3382 18

tonated whens motor 2207 stops, Accordingly, @ user may easily insert pump sarividge 3206

il

s ensclosure 3286 and couple displrsgm sctastor 3381 with motor conpling aray 2382,

JHBRS]  PHG. 23 discloses views of portions of gas recirendation system 2300, PIGL 234

shows  front view of the mount for motor 2207 and motor conpling arm 2282 with coupling

shafl 2391, FHE 238 shows o section side view of the mount for motor 2207 slong with

metor 2T, coapling shaft 2221, and Iocating pin 2392, FIGE 230 shows a detadl view of

&

=

2 found on the Bront and back, respuctively, of

souphing shadl 3291 and locating pin 2.

FH3

I3 shows g side view of the moust By motor 2207 slong

mictor coupling st 3

with motor 23

7 and lovsting pin 3292 gx it exsends then

shiows a back view of the mount for metor 3207 along with motor 2207 and locadng pla



2392 as it extends through locating slot 2293, FIG. 23F shows a detail bk view of locating
pin 33092 s 1 extends theough locating slot 3395,

{He86]  FHE 34 diseloses an combodiment a gay reeirculation system 2400, Gag

i85

recironlation systeny 2400 may Include shwdlar components wsd operating charactesistios s

the gas rectroulation systoms described In FIGE, 123, Gas reciroulation systsm 2408 may
nclude components {0 svacuate U0y gas from o patisst’s perttosenl eavity after laparoscopic

surgery is completed, Typically, when laparoscopic srgery iy completed, & by conpection

of & trocar tiat fmserted into the patient 5 opened, which allows OO gos from within a

gas iv not filtered aod mey contain sevosolized chemicads, partivles, bacteriy, ste. that

remains from the operative procedure,

{GORT]  Gas rectrvulation systers 2900 may mclude theoo-way vabve 2494 lovated in fopat
tubving 3420, Inpet tebing 24230 fows to the patient. FIG. 344 shows that three-way valve

2494 may be lovsted dowostesanr of filtey 2432 so that any gas Bowing through trseway

vibve 2499 has alveady bad imparities fered out FIG, 348 & a detail wisw of gag

recironiation sestem 3400 showing t 2904, Trput tubing 2420, outpid adiing

2438, and ey 3433, AL the end of s swegios] provedure, before the reciroalstion ubing
2 25 &

valve 2494 may be configured to provent gas Row o the petiend and o sllow gas flow o the

JAI0, 2435 s repwved and while the reclronlation purp 2403 5 sl operating, thessway

operaiing reom. In this manser, the reclrondation pursp 2405 will pamp out the OO gas

frowy within the patient”s peritoneal covity with flier 2433 preventing any contanvination
o hewving the patient. Unilizing thees-way valve 2484 1o alfow gas How to the operating
ey, vather than simply daconnecting Sput ubiag 3420 from the patient, ensures that the
by gas froo the petiont entering the opevating room i3 fiteved dhrough Bl 2433 flest by
maintiniig all the gos connections with the patient that axdsted during the sorgieal

o

provedurs. Utihizing threeoway vibve 2494 o romove the OO0 gus from the patfent may

tonal weany for eaeing the

H

P

g voom st without reguiring so adds

ey the visk to operyt

cleanliness of the escaping €04 gas,
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28 shows threewway valve 2494 soluted from fuput tubing 3420, Three-way

OR8] FIC

valve 2484 may include two fn-line barbed {ittings 2495 © connect with input tubing |

Three-way valve 2494 may also inclinde a Femmale heer connection 3496 orieuted
perpendicularly (o the two in-line barbed fittings 2495, The fernale huer connect o 2496
nuay be used for pressure retiel purposes, such as to release €O gas info the operating room.
Three-way valve 2494 may also include ¢ 'stz:};zu:tm%; 2497 that rotates W adjust the open flow
path of three-way valve 2494, As shown in FIG. 25, the closed flow path throug h threg-way
valve 2494 is indicated by the “OFF” portion of stopeock . FIG. 254 shows three-way

valve 2494 confignred to allow gas Qow through the two in-liae barhed fittings 2

msy be connected with input tubing 2420 leading to the patient,

configuration nsed during recireulation function. The configuration of Cthrecway valve 3494

ik the ating room. PG, 23H shows

1 from betgy

i PG 25A oy provent g
three~way valve 2494 configwed o zzi%%f pas How out through the female luer connection

2496 and into the operating room. FIG. 258 may be the configuration used at the ead of the

~$

surgical procedure when gas is belng evecuated from the patient. The configuration of thee
way valve 2494 in FIG, 258 may prevent gas flowing to the patient.

B089]  While varions embodiments of the invention have been deseribed, # will be
apparent to those of ovdinary skill in the art that many wore embodiments and
implomentations are possible within the seope of the Invention. The elements of the various

embodiments disclosed may be combined and adapted o create & system with some or all of

the eperating charscteristics and advantages of the embodiments, Any such combinations

are herein disclosed in this application.
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CLAIMS
1. A gas recirculation system for 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 detachable from the motor, and wherein the pump cartridge

is sealed such that a gas within the pump cartridge cannot contact the motor,
wherein the pump cartridge includes a first chamber in fluid communication with the gas
input connection and a second chamber in fluid communication with the gas output
connection, wherein a diaphragm is disposed between the first chamber and the second
chamber;

a first tube in fluid communication with the gas input connection, wherein the

first tube is configured to be connectable to surgical equipment that is insertable into a
peritoneal cavity; and

a second tube in fluid communication with the gas output connection, wherein
the second tube is configured to be connectable to surgical equipment that is
insertable into a peritoneal cavity;

wherein 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 the second tube;

a first valve in 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 the pump cartridge via the gas input connection and wherein the
second valve prevents gas entering the pump cartridge via the gas output connection;

wherein the diaphragm is arranged in relation to the first valve and the second
valve such that movement of the diaphragm away from the first valve and the second
valve opens the first valve and closes the second valve, and wherein the diaphragm is
arranged in relation to the first valve and the second valve such that movement of the
diaphragm towards the first valve and the second valve closes the first valve and opens

the second valve.
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2. The gas recirculation system of claim 1, wherein the diaphragm is operable to shift
from a first position to a second position in order to draw a gas into the pump cartridge
through the gas input connection and discharge gas out of the pump cartridge through the gas

output connection.

3. The gas recirculation system of claim 1, wherein the pump cartridge is disposable.

4. The gas recirculation system of claim 1, further comprising a third valve in fluid
communication with the gas input connection through the first tube and a fourth valve in fluid
communication with the gas output connection through the second tube, wherein the third and
fourth valves automatically close when disconnected.

5. The gas recirculation system of claim 1, further comprising a filter in fluid

communication with the gas input connection or the gas output connection.

6. The gas recirculation system of claim 1, further comprising a fluid trap in fluid

communication with the gas input connection or the gas output connection.

7. The gas recirculation system of claim 6, wherein the fluid trap is operable to
absorb liquid droplets from a gas traversing the fluid trap and release moisture to the gas

traversing the fluid trap.

8. The gas recirculation system of claim 7, wherein the gas traversing the fluid trap

maintains a relative humidity in the range of 50% to 70%.

9. The gas recirculation system of claim 1, wherein the system is operable to achieve

gas flow rates in the range of 4 and 10 liters per minute.

10. The gas recirculation system of claim 1, 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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11. The gas recirculation system of claim 10, wherein the fault condition is selected
from the group consisting of:

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

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

a motor fault.

12. The gas recirculation system of claim 10, further comprising a user interface

connected to the controller.

13. The gas recirculation system of claim 1, configured to communicate with an

insufflator.

14. The gas recirculation system of claim 13, wherein the gas recirculation system is

configured to be controlled by the insufflator.

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

of the insufflator.

16. The gas recirculation system of claim 1, wherein the motor has a rotatable motor shaft,
the gas recirculation system further comprising:
a coupling arm rotatably coupled to the motor shaft;
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 that the coupling shaft remains within a

plane as the motor shaft rotates.

17. A medical system for use in an endoscopic surgical procedure, the system comprising:

an insufflator configured to provide gas to a peritoneal cavity;
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an insufflation tube m fluid communication with the insufflator, wherein the
insufflation tube is configured to be connectable to surgical equipment that is insertable into a
peritoneal cavity;
a gas recirculation 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 detachable from the motor, and wherein the pump cartridge
is sealed such that a gas within the pump cartridge cannot contact the motor,
wherein the pump cartridge includes a first chamber in fluid communication
with the gas input connection and a second chamber in fluid communication
with the gas output connection, wherein a diaphragm is disposed between the
first chamber and the second chamber;

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

a second tube in fluid communication with the gas output connection, wherein
the second tube is configured fo be connectable to surgical equipment that is
insertable into a peritoneal cavity;

wherein 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 the second tube;

a first valve in 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 the pump cartridge via the gas input connection and
wherein the second valve prevents gas entering the pump cartridge via the gas output
connection;

wherein the diaphragm is arranged in relation to the first valve and the second
valve such that movement of the diaphragm away from the first valve and the second
valve opens the first valve and closes the second valve, and wherein the diaphragm is
arranged in relation to the first valve and the second valve such that movement of the
diaphragm towards the first valve and the second valve closes the first valve and

opens the second valve;
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wherein the insufflator and the gas recirculation system are configured to

recirculate gas from the peritoneal cavity and to maintain a pressure within the

peritoneal cavity.



