CONTROL FOR A LARYNGEAL MASK Al RWAY DEVI CE BACKGROUND COF THE

This invention relates to apparatus useful for controlling and/or
monitoring the inflation pressure within a laryngeal mask airway (LMY ~/{”
device and to a nethod and neans for mgnitoring a patient' s welfare by way
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. of fluctuations in that inflation pressure. LMA devices are now well known

“and are in w despread useMONTTERIRGtANBr cONUROL #ori g and aft M\m\ﬂ“\“\
procedures and during prozeRimN@BAL hRASKNXORWRYNBEYIZEN Ng a cl\m\\\\“ I
Such devices and their construction and use are described in vari oyggdeat ent
publ i cati onspatrcROFADPOF, THIE tINENEtemt No. 2, 205, 499 and United States
Patent Nos. 4,509 514; 5, 303, 697; 5,241,956; and_5,282,464._That such LMA
devices are wel | APCEPtEHEHtRR| AeFAtESntt T af BPRE2FYSn& A by E8Fpl e

statistics. | Eehtesaphe, air%d}@r e@bhﬂabednghaheswn{\:m:i@xeSpaégsu%r@d in f
approxi matel y,50,percent of a operative_pr res requiring the use o
gener al anaeé?ﬁgf'gcai at%ﬁﬁ@?farﬁgs{‘hé?‘rwageqﬁ@&ge&ﬁﬁ iﬁeaeﬁgi Rgl y
accept ed el smebhRod endEmeane fod monibertfé aBpstdahkys aaliElAedbyi ce
conprises an_airway that is sized and Y faor _general conformance
wth a pati ety s 5 ﬁf\t;(aﬂ%;%"tahé'ogfsfvﬁ %%é %&fgﬁaggpr §ﬁ1e§sbﬁ;§xi mal end t hat
is external to théMpat denticeiso ard shaw ewelilhaknowrr i endrasirest dmcture in

t he rmof g. [, i £ [ a n r h jent's
| ar y{ngeal I n é? gghag\?ﬁ %h%lél rsl%cginﬁaéllneu%\ét]scfc{/&é'suglrg%tﬁﬁde‘dgg%égagp Pe%f%l%g ring or
cuff that isswebeceilvppceduirgisabnd furingspkperduyesctihadt donbdmeance to

body 'struct anSigElgtigiq..n ea'8i¥299§ilr¥i . bﬂcﬂsgietéi@eég-%gz tfrl)'xie{ﬁl fully

rieflated to ai I msertron an hen passed hr ou atient' s
nmout h and t hcoastihes ions asut rese posi deser ibad ihevansRusypatemnt

| | | inf | at f 3 Nt
aryngeal opgfigeathieadif|atalle culd iore BT CoeP e heen the

surrourding the mask structure I's then I ated to foima seal

maskiand t heNPar ¢yn@l&l, 4% @insy Unite St agess Satrens MRswhitcBO0PhEI&f f i s
inflated foreegoahggmars ofsi hesbowhn@f st Bezmasglk .5 against firmtissues at
the back of the throat to maintain the device #[11 gl ace and to retain the

seal. In this wayr YR A ARELGES oPER WEFa§ CERPEEGh AR sh he

patient's |upgsiean keaxenis| pbefle Sueh s igyvlieesthsyetpreved Rax be both
orward to use, .even by

Sturdy | n 10 Sgnetiuelion and te oty Sk S AL LYEL Lo sy gren
i nseebed, a egprablimsaielyaysospaptenn fdctafbropdrandvehematedntés | ungs
are not then propenhy Vel ' L, 3ke%s | DoA08LY ' Maddihetic in the UK,
and their use is becoming increasingly accepted
elsewhere in Europe and in the USA.
Basically, an LMA device comprises an airway tube
25 that is sized and curved for general conformance with
a patient’s airway; the airway tube extends from a
proximal end that is external to the patient, to a
distal end that carries mask structure in the form of
a bowl or backing plate which faces and covers the
30 patient’s laryngeal inlet and which is continuously
surrounded by a flexible ring or cuff that is
selectively inflatable for resiliently sealed
conformance to body structure around the laryngeal
inlet. In use, the LMA is first fully deflated to aid
35 its insertion and is then passed through the patient’s
mouth and throat into its correct position, with the
mask over the laryngeal opening. The inflatable cuff
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15 soft conpliant silicone material of the cuff has been known fb1dB§&W5
nitrous oxide from anaesthetic gas m xture thereby increasing the pressure
within the cuff, and the cuff itself nay occasionally devel op | eakage
causing its internal pressure to decrease. 20 Also, it has been found that
too high an inflation pressure will capse the cuff to restrict the bl ood
supply to the nucosa overlying the nuscles around the |laryngeal inlet, and

prol onged U&Qr(ifou@laiild‘é“\ dméi Gfadl Steiceiureunss arers: canflgedat edissue
necr osi s. zglt has rec % been proposed to nmonjtor a atlent | evel of

consci ousne$§TBYy feafi§? SHRASE bM< c gy i ng
cerebral acbpeirting.in a:rhe ahfenMpréssuvwei diadareness (tllfe! neusﬁrg.@y

however, the qui._p requi red for such toring is 30 conple

oper ati on ar‘n‘]l r%/e tFSIFrgﬁuf%g?ur”eealft Oﬁas 13?55303815 Ofr opBSedd use

aut opmt i c equigimey fhrmondisguest ma- cthé p=Suse ithea bhgbavoldse, | ow
pressure cuff sqci at.ed th _an_,endatracheal tube (EDT). . And it. has been
reported thdf &S} at Tgmevégedé\ﬂ EF3E 2 £ HEASAPe TAT T8/l at e
intra-cuff nmessmm)wap, athel €earice (ﬁorSasmaﬂeopanya twayWe hraggtobser ved
t hat nuscl e to U wer t hroat
(hypoOpharynx%' ?%e( %‘%:i% ?oﬁs%uﬁg% Ig atl aota %arent response to
pai nful stinuli; Stdul's LMA desripossilree tp)rcg‘aed tofloe tlorstourdhelrpati ent’ s

anaggt heti c %t%tt'l-@&f&{“ %Brdhnxgei'é'éﬂzé On& vy g}xé{be:whé’f’c?p%ry And we

have found t very snal anges'in at nus he are reflected
t hr ough theelym C@M Eﬁd‘am&dlfqﬁt lefiteref |t ediedesmapy t Hecasiring); ai r

vol ume and that, e e e il ]fz:gi: & both 7~
aut omat i caIIy a jUSt t e%igrﬁ?ﬁf‘(l gtd%)gﬁk_a{;gi‘gwe # {ff? %A and also to
det ect changésway t¥R meschia fast ifrrmed hgpdphbﬁymtl@mfc’@ﬂslmg-’e he
detection Ofa:%w:tb@heae%s ;!rﬁ:aﬁ@}i y%%h%&@%'ﬂédfmdeliﬂ“ atmtwawme patient

duress, and to such end e€en observed that 1t Is mast benefi ci al

to LAflate tﬁﬁtclﬁqmnlolﬂ%ssalésom mﬁﬁ@ﬁnﬁlgwér Lthehanh-has Hzeenf or

exanpl e, 5048w O caRthANST Alilt-dul t BRiBBNGF kb~ EARER@ ned ik00g&en H20. The
acceptability of utiljzing pressures above 6fl-cm H20 has,tggl n observed to

cause patieMiXHHdat CRAFERYT | DRCT285385ecT AR | PHET P eMiFES Tof M nger

dur ati on, artdlfrﬁa,y £hdk glragafifo Steblfi smie. oBE?hEEoSIM@IVE&HvéIoﬁ HE
INVENThO\I resent i nventi o has_.as overal | obj ect to gr ovi de

appar at us EES cﬁsﬁﬁllélg( ai’ 5f ]f%t%lﬁ??oﬁl}?gs%lﬁ% Pnée %céﬁ PEFVI ty, for
exakpl e 0. OGQ!EEIm H2O, Naw peessuicund t bhatt e ufiighf aan ihBlaevose t hat

nas been pr qnarlydosiahhed JLLDI g PALEENLS ALLYRY: and dbLigha

mai nt ai ni ng “a pres [FfatTon pressure Wt ion har Fow tol erances,
exanpl e f0 .SUPRHY 30° H2te PucPsagyerayidly ddie dlushlkes n%?éﬂtm@nth@ pI’OVI de

appar at us whi LR cad0, Pe; r 988 doheekegegnze agketeohindi fferent
patterns of p}ﬁesfssure vaﬂ:g%lpon vw?y‘S c’t %g cuf f !(:)jfE ?ﬁe% devi ge 1f;llnd if

necessary) 1L HEERNBECARCEFP R i :RAA P el 9Fuei PeEFESESwar nings to the
opepat or i n response Kas t sCeRALEr BEenangrbBoBedr e8BONGiowe tiod agomal ous

operating Coygla(tjlat.er?t? s level of consciousness by means of a device

capable of detecting and analyzing cerebral activity,

in an . attempt to avoid awareness during surgery;

however, the equipment required for such monitoring is

30 complex in operation and costly to manufacture. It

has also been proposed to use automatic equipment to

monitor intra-cuff pressure in a high-volume, low-

pressure cuff associated with an endotracheal tube

(EDT). And it has been reported that such an EDT

35 device is able to measure and regulate intra-cuff
pressure, to a tolerance of +3-mm mercury.

We have observed that muscle tension (tone) in



2 ~ JUN 102 threatening the integrity of the LMA device. s a ?m
object to provide nonitoring apparatus of the character |nd| cat ed, NI

for the case of a patient who has been anaesthetized for 5 surgery, the
“monitoring of LMA inflation pressure in the course of the surgery can

I ncl ude such aut omat ed anal ysi s of LNA3| nflation pressure variation as to
warn the operator that the patient has JUSt exhi bited an anonaly indicative

“of an inci p| nt st age .qof 10 A ken| n e al erti.ng the anaest heti st or
anaest hesi ol g" “ﬁqf%it %o Y }h%p@?’ﬂ kgee%' %saedrﬂ'r‘ﬁgtelr #Fy) that

t he patient ukselpatm&adl at eapmdemﬁ fespbeseanaespaehfal Astf:umlhff obj ect
IS to provi par.gt u V\/mc e ore ects reI atively
: . Q§nﬂ9 4§ 3 g g51%lgp E%tf€§1£ ?go ?tg% aﬂ%

I nexpensi ve ifact ure 'S Strai g FWar ‘?el i abl e
to operate qmad:mfntal anadssheklcf dephér bybmenti tics itng amiscdwe tidsmef or egoi ng

pressure re sor f or m of
syst ém \Ahosg%gér#pegn#é&?%| nté‘n%ﬁﬁgeq%ér&% aoz\‘p]&on 0{ ons t or
hyst eresi s effangesnipresstr susviiet tpnegairenceifdeaitiad); tl’mm.kglasthﬁul d be
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pressure. THeELT nveaumgn assbkshatssuch (prasskre feedbackorreadingsni ng a
predet er m ned, pr ggsurg l&ﬁ?z}}'— dﬁéhﬁe é’mﬁ'@oﬁagﬁEQQQy‘c Of 35Rat! Ott.h 9

pressure changes Wlthl n evice to detect "changes in
pat lént' s cokelf 12 BhOBNBTEESEEAL P@I thige L@niqv st rand dlss Coa@\%ﬁé%@hetlc

and/ or, musclénaghasant, ¢her fleened ebodiaeiind! nibeohaygaid on ggets the

f oregoi ng Obj ects usi n%ﬁg paratus for autonaticall control ling pressure
in a | aryngedPurdsk afPRay IRSALEAha-ChasSBERN ﬁﬁn@qsed i ampstient,

wherein the dM¥erap2) dh&d Qiﬁﬁoﬁtd§¥u§§n?n%£t'géﬁtn&éﬂésbhahn&istbnf | at abl e
to a predetéerm ned IeveI of pressure to es |.i sh. seal ed communi cati on

bet ween t he $HERri &% olehehﬂévHE%e’andoPﬁ%rﬁﬁ?l ehPas | aFyni8al ™PAFet, said

appalrmt us 5 b‘@ﬁ@fh&h.ag tba)lrﬁﬁarawe:maaﬁfhaubn@z@s@zﬁtem b6 phaenabl e in
an e ongate

c nder W|th nou nnectlonfor p |an t|on air
to the inflalﬁg%#’ 5 We@"@r Tofs éﬁ’aé‘lﬁ]ee'dr 8 g zi'?r;so
reversibly dgsnéaaﬂ.hg tihe tm6tmge|215+m HQOt e 100 -cm H20. The

acceptability of utilizing pressures above 60-cm H20
has been observed to cause patient throat irritation,
20 especially in procedures of longer duration, and may
risk damage to such tissue.
BRIEF STATEMENT OF THE INVENTION

The present invention has as its overall object
to provide apparatus which 1is capable (a) of
25 monitoring with fine sensitivity, for example 0.0625-
cm H20, the pressure within the cuff of an LMA device
that has been properly installed within a pétient’s
airway; and (b) of maintaining a preset inflation
pressure within narrow tolerances, for example +0.5-cm
30 H20.

It is also an object of the invention to provide

apparatus which can be pre-programmed to recognize a
variety of different patterns of pressure variation

within the cuff of the LMA device and if necessary, to

35 produce an appropriate range of different warnings to
the operator in response to those patterns, and to be
responsive to anomalous operating conditions



cylinder, thereby selectively displacing air to or fromthe inflat 1
nmeans; (c) control neans including (i) pressureresponsive nmeans1d ed
for response to 15 instantaneous pressure at the outlet connection, (ii)
adj ust abl e nmeans for selecting a set-point value of inflation pressure,
(ii1) conparator neans connected for réesponse to a sel ected set-point
value, for - providing an electrical-output signal 2D representative of the.
di fference betraetaninst amteanemeyiessuf echadL¥Mhedseleet.ed set - poi nt val ue
and (d) neans connecting the signal for operation of the drive the piston
relative to the &gl iislen qunﬂbictty’blj@qteduceptr@mdeo worl ectriingal - out put
signal provij S, c€ try p t o l.ace
directionalégggﬁggggz8F0£§%e£%§§%ﬁgg%o?hd§§%?%9 w §8 %I fofhéyg%ver3|bly
oper abl e drtseeneahs acopprisas awhel cvasi dert oan@eaplh@d::fmd r éwer si bl e 30
drive of a re n t rﬁ,&e e nut
rrean% bei nggﬁggg?ﬁud:ﬁna ﬁ&é}gu%%%q%négkeyeddla%%én&OA g@?gg{ﬁ%gn tl'Qonnect ed
for direct tbﬁgcpumaaﬂOﬁhﬁhﬂasengﬁryotanuaanndﬁl$mcthUCpmam&d 35 The
preferred e r e 1 Y2 65 riven in the
open | oop no ggg&gggs\/\%gth%erala fegggmf{bﬂgg}gﬁsu %ygltaer esl s gag/ error. The
directi on awarspbhe epberiR&arwitdrat dihe |mtaent db@énm‘éﬁt a{&bnbtlh'@d;equence
and frequengy OEnEP\%‘er,hai%&ifcaaoQR}é edb exfi tﬁﬁbﬁ?ﬁle%res%%g%'o g@ally, the

reversi bly operable ive neans conprises such a Ste I n which

t hel pr essur BWRrESPaASI ve ThENEPYr 0BLEES1RS | e di @M@%hgﬁaﬁtouﬁmt in

whi ch the sshaeetﬂtes\wllb@lssc | fwhiehlGFOr Fe@hsa KOOIk St 8t /sed gnal
out put, and whi ch t he npar at or neans, i ncl.udes a m croprocessor

pr ogr ammed éatsasﬁay%a@lty& &t the PAgHAR g 18peraeddtsr neRd notor .
Advant ageougky fugthierstan@dridtyi€!l osed sol enoid 15 valve is connected to
the outl et connection of the syringe neans for interposition between the

outl et connection angdmeri sblatablis neanprdviies aspordrat tWigiotl ve
havi ng el ectri cal aﬁg_ngectl on to %}he contr.ol ereby to act uate t he
i

val V8 to opBf®tSn R*28°1-88 APIPELSH tlﬁergﬁﬁéla'& At FORFPEAT S
el ectri cal oubpuiansifgreedurnd 28 borgightifferveleitte catt eupputars] giml is

ot her than %‘g'ﬂab& et%orbq%%oggl AP{dCJnQESQaEQJ enoid valve is connected to
f

the outlet Connectiom o I'Nge neéans; When actuated to open

condition, 25 thips sgcond VPui‘@hQEOV'o%%%hcscy”PQe ggceg&lha_%@b end air, for

adding to or dunping systemair e first sol eno valve 1s in
cl osed condifErEFOIMG REAFFUTE he FEPMLATEIOThaswht ROVE ed TBSOTSt hek N se

cloggd | onghkydi;nale ieid; snd Sapd Obchas t%r%o BE Mkt & O sel enoi d
val ves is connected to serve the ported end, of the cylinder. The first

normal |y . CPEEReIFISHOE S ANFEqaNGE &5 SSitHEAJA Y 5'%% GFERRBI e neans
of the LMA 2rd | nyacldidiias t 0 ef f@ter change gireskeiraeen ridieiddtingabl e

means and tr%unctlonallty, such as would be <caused by an

accumulator-type system that is reliant upon a pumped

25 or otherwise elevated pressure reservoir to replenish
device operating pressure.

The invention seeks also to provide a method for
maintaining a predetermined pressure in an LMA device
and a method for monitoring pressure changes within

30 the LMA device to detect ‘changes in the patient’s
condition and to control the administration of
anaesthetic and/or muscle relaxant.

A preferred embodiment of the invention meets the

foregoing objects using apparatus for automatically

35 controlling pressure in a laryngeal-mask airway device
tha:t has been installed in a patient, wherein the LMA



35 cylinder pursuant to the direction of displacenent of the pistszuﬂqﬁn
the second nornmally closed sol enoid 21 JUN 1001 valve is actuable, as
.descri bed above, to adnmit anbient air to the cylinder or to expel air from
the cylinder, depending upon the direction o= displacenent of the piston.
First limt-switch means produces an 5cel ectrical signal for a sensed
.condition of piston advance into a preéeternined limting proximty to the
closed end, and; spansninobiddi NGl CropLOcessor 1hg1LespAnsi ye, to  the
signal of sensed piston proximty, the m croprocessor being programed (i)
to forecl osePu®deperained dfevele dfi PESRSATS av@ estebldsh tsealed st

sol enoi d val ¥gmh@nk Est DBRMel P SEsk p?ﬁééifi?ar blrer g | t%de&d,éra%éte the

second sol enoid valve to open _condition whil e operating ive means for

a predeternm HR¥ stRBUEIH §evernIes | ABdEtng aSRidsh ampatatee of
anbi ent air ¢BheriBengyl i nder pursuant to the predetermned stroke in
reverse, and (i11) deactivating the second sol enoid val ve and enabling the

conpar at or neans T(aweg?;&aagesméayes SEAPOhG! aVlike B PIGSBakEamithin the
cylinder before 20 reactiivating the fLrSt sol enai d val ve "and returning the

g
conpar at or ANt BLPRYAEBNEVILERIGT &0 [P iGAMRRTeRORrE8ure to

its set-poi néuﬁ!ﬁl\.‘f‘eoﬂ An® 1BeHidera i AOPIIRCeESPLa€aPLEOnedngd feature of
the currently preferred system as for a patient who 25 has been

anaest heti zed and(b$ UpdeedRIit] SUr gierablRsk- idifiwd | ONM@ARSSUr €otS

contj nuously_nonitored. The iLnstantaneously observed mask-inflatjon
preégﬂre i's ﬁ%ﬁ??ﬁ?égyfoglﬁ8;§FBP§ tF§§er§¥559npr583F5FHFne8°upbb? and/ or
| ower threshoytlihdart s tHersloy malelad): eyt atiieplaaichg uadte to or
observed-pre§§g&e fraverse of,onefgf }pese limts, a first alarmsignal is
issued with P61 &2 Fﬁ%ﬁieiq Ing interpreted that, _ even though

n
still asleep anguggﬂirc <yygfnn &Jghéﬁﬂi 1J5§h'nvo fpt&E%%¥Hgggrayed an

i ndication of _ 3 popﬁarynx/ I"arynx nﬁgg%e co ractlon,
acconpanyi ngrespAssaNe | ocandnpressheated t hdquat i eressonsél at d Li KA.

Furtfer aut onpted ranepLy n%erlegélucf]éJN 2002 6 | S goDgur r@BH{—chE%kor med to

determ ne whether any rate- ated conditions occur, beyond a predetermn ned
magni t ude of {&A) eRADUetad e imeaTiorioS Rl ¢4k ERE| At 8t oReLRteNadbear e

further descpkbedibehawiand Spiesdigter M nedi Dy combapHEUE I ewlel@WsOf
anal yses perforned on a gated sequence of severaé successi ve readi ngs that

are stored WPRPRSERE t SRSPARPS HeP it oS uERt aRaPSeyaiye,
continual ly dbgpl aypgostidifbgy systgin nondledtr Iba5-satpukel at gdgraal ysi s of
10 q% erved inflation_pressure pro Lg%s furthﬁr indicatignggf t he patient's
inciplent an@SPr&SEEEANY S Rdk enél §EESSCARGTEFST UBE “PE-RARERS on of
first al arm ptressher anet tihy ddkeanedssbespoliagi yhlusi;t land sual warning to
"check anaesthesia". 15 BRI EF DESCRI PTI ON OF THE DRAW NGS

(d) means <connecting the electrical-output

signal for operation of the drive means to displace
the piston relative to the cylinder in the directiocnal

25 poclarity to reduce to zero or near-zero the
electrical-output signal provided by the comparator
means.

Preferably, the reversibly operable drive means

comprises an electric motor coupled for reversible

30 driveof a lead-screw and nut means threaded to the

lead screw, the nut means being longitudinally guided

and keyed against rotation and connected for direct

longitudinal displacement of the piston in the
cylinder.

35 The preferred electric motor is a stepper motor



Appar atus and nmet hods of the present invention will be descri bedaz'p_]g"gmer
detail by way of exanple and with reference to the acconpanyi ng draw n

in which: 20 Fig. 1 is an illustration of a control/nonitor system of the

i nvention, coupled to an LMA device installed ir_ a patient; Fig. A

di splays a first of two typical readouts of a percent-awakening feature,
whi ch may conprise a 25 portion or all of a display screen; Fig. 1Bis a

simlar di speyvdor im semmd s&b@@qumbﬁer eaﬂdutw@ichheonerates
percent-awakenricncgﬂé iure is %agram of mechani onents of
Fig. 1, witHscH B aec disre s Ta  bedUaRERE S b’ﬁ% 160, g. 3
conpri ses seqred atpesheef st hahwdost ArgradiéRaate AlepofdEhg. uﬁohpahé B), and
is a nore schematic di a ramfof contr ol rEag_'sr%ncl udi ng afcor’rga;at%fr]
conponent ard HOTSF S coRtFol TEFRESFEY o FIIEM of L Fi §PP2Gher ei n
nmeas® ed presscivatson.~ 1 JUN 2001 9 eval uated against a set-point SP for

determ ning drive for an air-displacing piston and is further eval uated
agai nst threshol dtsorerspetelflriclailrigr,stté:tajs:a)femmi@pénabaéadm‘EVet he

phantom lin f P ) A omI| Fig. 3
(Part B) reé?%é%ér\)t cghﬂgrén (stﬁée&cs?grré\ atge%g’la!{bemﬁgéﬁg &HD%? g A/ 3B)
are connect epire ®sgvaprespokisgves; meFags @ﬂ@m&:henﬂummf daganalby which

the system ggbﬂ%fng{lgﬁutget ﬁ’ﬁﬁgﬁi&% %@{ﬂ@g\/ #ad J:g iaSehe

circuitry; is a grap &M Observe pressdre
varildt i ons abowmf Qfica @cqﬁnduc&ﬂegma helgeall cuftpwt, aandMint whatchs

nstalled | e Palckfla s nlisn anAestdel! 2ed sndclspulendaing

surgery) but as, 157as pal n stimul us a graphi cal
di splay as i Pregganped; u§P b@ﬁ@@d%n@#ﬂﬂ%%@r@bl a?lgnaé-ﬁst &®n esponse

to an illustsabiyeidRoBRl X Hh@lodifl ects a pain stimulus; Fig. 6A and Fig.
6C are tables detailing typical 20 calcul ations perforrred on sanpl ed test

data, conparing thesenyaeeudiq se mg& ,n@mapfpf e1gkea satiendllat ed
al armcal cul atLon for each sanpl'e; Fig. nd Fig. 6D are graphical

repriesent at i BAsVEf ihec9RPEESSHr &2nEES d’ﬁ“ Y GRRAGFTRQRE 8E thed 25 Fig.
7 is a displ gyrahgebma/:&d @ rigekrpaka tdeiri betdwdehi Nghé heudlateni ng

Feaponse ¢ hatoRBeFEdel SH e SHBE TSP N b g epdaBRIEL B i he
system 30 Defél zEDvBEBERIEE E@leAtMbrhhncomheConshr ot tdve amuhtQuer ation In
Vari ous cont TR Bur it A nERkeC TR vis e aB i
20 for at least the tlme duratlon of the electrlcal—
ocutput signal and as long as the electrical-output
signal is other than zero. A second normally closed
solenoid valve is connected to the outlet connection
of the syringe means; when actuated to open condition,
25 this second valve provides syringe access to ambient
air, for adding to or dumping system air, while the
first solenoid valve is in closed condition.

Preferably, the cylinder has a ported but,

otherwise closed longitudinal end; and each of the two

30 normally closed solenoid valves is connected to serve

the ported end of the cylinder. The first normally

closed solenocid valve 1is also connected to the
inflatable means of the IMA and is actuable to "
interchange air between the inflatable means and the
35 cylinder pursuant to the direction of displacement of
the piston; and the second normally closed solenoid



35 "regul ation" start/stop button 53, an al armreset 21 JUN ~09+ JUN 200
button 54) ar_ "ENTER' button 55, and a rctary knob 56 for sel ection.

inter alia, of set-point or threshold. Th2 ntnitoring system 10 has an
outlet connection to the flex=ble inflation/deflation air-supply line 11 5
of an LMA device 12 installed in a patrment 13. The LMA device 12 is seen to
.conprise an airway tube 14 with proxinal-end neans 15 for external
accommodat i aralofe verd i leaatdusp e, armstdﬁd:zlbgdsmwn,to dde gitient' s

| ungs via mask structure_ 16 aV| n acking ate 17 nnected at 18 to
t he di st al B ubeT 15° t &%k’!rf‘fgeﬁlafetBel §°peftpherd® y=R%ir r ounded

by an i nfl atahl eldert a:lezbsbmdxnguchpmncuﬁé dfredci@sidi emslgllafde&mﬂj)ﬂ:e
material; cuff wn i n,inf 0 perl erall seal ed
rel ation toooodéy?elS %?gctur JSuréro%n‘alg gg’he pa{“eélnts % af™inlet 20,
and ion di st aé]leyctlmtaabd srn@real ofiotro & hsepaedemdrsd:aemaphageaplsmdmt 21 (the
hypopharynx) t st 00 to i ncl ude
known neans % ﬂ?‘% p%?eeé\jée%%hﬁg‘gof%gg en% %pcg’f)#gfg{’t?% Sfrom
interfering CV\IQS"E@.I end, ambsmeenszmwg:]mdmmg haomgh*‘bpe'ormsslsor nieit her
direction, e d n r

Convent i onalqleéé/&?rgs{?%f at a%lrée/stdlgex?gﬁ etsre?lr?eﬁ yl%g ufé‘ilc%“g{')t}éh LMA
device is opéu%ltredcmpuabwal@; doevama - hEbgrgylmerige( inso sﬁmﬁloﬁat | s
detagnanl y CHNEEt fdnt 8:CRGk Alye HEIRS 116 £O' PRGN il o spad Of 1ine

o) theL the syringe Is t he che ve neans 11A|s
operatl ve t cs@tereid Hatlﬁé @lﬂ?rlé?rﬁWOrﬁﬁﬂ-éb’e@l@tse@equﬁlécﬂ-@tat eheh the LMA

. ~By experience) the anagstdetiy wekbn@n%ieﬂabay JoWhat pregsyre the
cuff can safely _be inflated once the LMA has been properly installed in the

patient. Al tFOMEh-iAR CHAifs| §9§Féﬁf11€1§n t&e35dyi Ve ZBB2RE | APFat@ the cuff

after it is f@ééﬂtéeﬁllhadt BErBﬁE' eAl reQEREE a\:hﬁs%h&u&hﬁgsgﬁffééhcu”
sizes, the above desgri manual, _pr.ocedur e of l.ation is N Q002
11 r om‘reno%%la’fﬁ‘?oP*t @’@b%ﬁfé"ct?ﬁg PR NERE| HW-&PFISn/ HiJé‘T"f%ﬂ‘P"ontPl ne 11 to

the control shstempfedderdintd Fi Ostdoken aiimconteokrgert llang || be
under st ood t?} ncl ude suitahl e me%ns for de (gach le 5 connfctl on t.0 the

i nflation/de ofi€aFFIVARE TR % FEFOAnS e RPthgaY 81V PexPBFe
connecti on oenabilengl ohel cpephHddras nedna sy stesscainhishothendegrot shown)

that is det aégfply,vfﬁqﬁgggg# ec%glg]g%olwﬁq{ltn 1%11 ?ﬁ,q (rlede} afc A connect or

end that is Ttonpati 0 SO coac connector end of
t he 2Zheck- varvéctreani-illlgAtd'se t §imasitntsd yehohdsvalrel Aregd detuvmbimgous! y

open pass—e %’%@Q%@'”h%%&isﬂntéﬁ‘ th d nELatabbg W“?eéag_ﬁi:ihge. LMA.
Alr- dlsplacerrentrrensco rrses s means 1n the fornfof a sdlid
:Ln:lat:.on pressure to 1ts set-point value.

In a further microprocessor-controlled feature of

the currently preferred system, as for a patient who

25 has been anaesthetized and is undergoing surgery,
mask-inflation pressure is continuously wmonitored.

The instantaneously observed mask-inflation pressure

is monitored for possible traverse of predetermined

upper and/or lower threshold 1limits of "normal"®

30 regulation; and, upon observed-pressure traverse of
one of these limits, a first alarm signal is issued

with an audible warning, it being interpreted that,

even though still asleep and under sedation, the
patient has involuntarily betrayed an indication of

35 hypopharynx/ larynx muscle contraction, with
accompanying transient local compression of the
patient’'s inflated LMA. Further automated monitoring



15 body 25 of lowfriction material such as PTFE (Tefl on) mﬁthm? mp
cylindrical bore 26 having an open (or tail) end for coaction th piston
means 27. Hody 25 is fixed to a frane nenber 28 and extends Iongltudlnally
to a closed (or head) end having a port connection 29 20 to a '"direct line
to the LMA inflation/deflation connectfon neans 11'; in this direct line, a
first normally closed sol enoid val ve Y1 nust be actuated to open condition
i f inflatiodSai FORGUIHEPASY iREEFPABFCAdiINecEPERTHERReIREREAIATY26 and t he

25 infl at abhe/rdefdatalle d&ﬁi‘&ﬂ@n@foébﬁru\'ﬂe}@hétangcz;db%err’nﬁ'r@d’ mount ed
to or formed with the head end of _a | ong |tud| nal rod 30, the talil end of

which is cl &R tUse oF dénbl%'té?{l’éiteél 0Fk1BEraQRabl i SHH a HALE

| at er al - of f set) 24l f@écﬁ)réﬁealst l#i*é”'afhtz‘tﬁéﬁbldésiﬁﬂib&"ﬂém&@r ainB2 and for
reverssbly driven, | ongitudinal dis g acenent by franebased el ectrical

stepPer not GF e LRSEITIARE i tRY | C1BEPRE obeNdEWsheft S§B2IfRAY 34 has
threaded engraetried AR AUlgdtd® b@qaeaée idE t Bevér gl dsuctedtwd al - Of f set
body of P d%w‘iekqsil%%‘ﬁda fer SEATOH, B GRS ELTAY G Ee ABAE I wi 11
body of PTF réd=t 3 e wil |

21 JUN 144 Latpudinsier sbedd drta besés s@bermtnmrd.%1gnaawplh§r@da Zomer ci al

| ongi t udi nal%l n)g be%rqlnr}) q/ﬁsser% EF ﬁ %FEL aarJI(F:Iaél é%lfa?? under

t he nane or kS . erei g t ment is 5
fixed to a fdhmmrbermﬂ\mtﬁbﬁ an peygate sepnﬁda.ﬁesewa)ftﬂhﬁmﬂt i's
fixedtothe5|d bl oc 3%& wherein.antifriction el enents,. such as
bearing bal %% QQHPQ; %a?%%l?ﬁ efadBCIPIERE PBSHBEOSRE Tty

el ement s. Ttwaimng)qdr@a:easgamdmpnﬁvimlVeurlnﬁataﬂ.ﬁ)osumforhmd gui dance
af forded by 3 bljs £ecise. Longi i nal
di spl aceabi 15 yof %Pgttlléln 2’>‘—’lig5nl?%hgé%gelntEl %]é%]%héggtﬁjdléﬁé%ga%{s&gf t he
cyl i ndri cal wWeauaPevarming htol bcheek amdesitdteami 7. effectively keyed
agai nst rotation about the Iead 15 scr ew. IWﬁén means 33 is of a stepping
var téty wheERH B 2T F 3 S via variance of the relative
excitation of each of four |nput term naI s of the notor. The anpunt of
shaft 34 rotati orPREARREMEsaRG Jrepradsnof7 Hhe pPaRERBAt JINEeRBHOR0l | ed by

not or cont r gyl er @achecgéy%eaegﬂsgééat@& w1l by 2f Logengsein Fig. 2
i ndi cate an overall Ien ngl ston 27 travel in bare 26, for purposes

of deliveri @RS n¥EER 6ﬁ &lrrert% BotE A EPTRRNYENG nPFét‘*’&B}%? detPat abl e
ring or cuffyn-of the LMA, as |long as solenoid valve VI renmains actuated
to open condition; this sane length can also be available for a retraction
strake of piston Rig. wherna ma dddusadad guaofi by aintirdl Atonhtarr may be
extracted fr %“cg f }8 'i'r?@eq-lé'l unt £« q%.]lé’gttgwatrgthS& §ed.LS2 are
schemati cal | I ca y arrow mar kS i t o suggest a stop and/ or
reversing demmahleréam af paneelmmm tudinal limts of the overall length L
of piston travel. However, as shown in Fig. 2, piston 27 35 is at offset oL
outside of the cyFifdriBagisplayswRefdinet IRE W vEREFHhaFeadords

identifies the popBicehcBWalkeh GRACEEASULE] Yhih@la s VedkpPragkual i ng

25 portion or all of a display screen;

Fig. 1B is a similar display for a second and
subsequent readout of the percent-awakening feature;

FPig. 2 is a diagram of mechanical components of
Fig. 1, with schematic indication of motor-control
30 components;

Fig. 3 comprises separate sheets labeled
Fig. 3 (Part A) and Fig. 3 (Part B), and is a more
schematic diagram of control means including a
comparator component and motor-control circuit for the

35 system of Fig. 2, wherein measured pressure is



21 JUN Q001 13 device 37 carried by piston rod 30 coacts with limt m@@h
LSO to electrically or otherw se signal achievenent of the pist ondrle ed
position shown, with concomtant term nation of drive pulses from5 driver
.'circuit in Fig. 3; suitably and preferably, each of the limt switches is
an optical device, relying on the iug or other actuating device 37 to be
opaque and therefore able to cut or inferrupt a |light beam from a source
‘to a photocell, at each of the 10 respective |ocations at which limt
switch acti oAvakuabe@craaings 4 FehePokhoWF ifPr Aegermining Wxivend of

pi ston rod 3@oPa§naa£§ddliz;‘£%i£éEﬁ% bR @na38) Qh&%ﬂ@fre"e%&.'ﬁadﬂé’d shrouded

by a resilient cap 39, aving~an undercut bore which readily snaps into
resiliently 382aRREd EFgEJeetn €67t IR ERYRIIDr FRBtHS 38 PAimen

servicing the apRanat H3abis! eRIRCIgMa R difelisamBIop Figa REW A 39. Sone
pressure-regul ati ng operations can have the 20 effect o? causi ng
i nt e’ er encePlu t RR%e t9EnsPRGNEPr d3486r 3B hdtfgeFifef | 2ct fR@ThatBlent nuscl e

reflex. The systeseat i i Anentine hamdeenadesi anedntienn Pig, ze3 such
interference, through_ its_design concept as an essentially cloSed-vol une
system wher EPAT98 3R (sBREng ef&onﬂﬁ%ft% Ut SSERE R FEFt o are made by
i ncrements of displacenent within_a sha,redpﬁol une of  air), as, between (i)

the vol ume ahead BFSthé piStdh SERGNAWHT hPA (TRABRaBYentPdFD HRRy 1 i nder
and (ii) thesystemecan thensfidr IBetWden bSagupepi, Oteh®ed)iticesard t hat
regul ate pressure by_usi an accumul ator .or reservoir of elevated
pressure to E%ﬁﬁ‘éngg{guf'g?yéuff pressure changes either by introducing air

fromsuch - an acgunul ator or b oi di-ng,.ai.r, to nmosphere.,. . The,i nher ent
i ncrease in systeftetabi fFt§ gg&?é‘é‘&laﬂ;%d‘sfprlﬂ ﬁ’?e sé’isl%t%'%kﬁ%?:@ﬁ?gol ume
conoept thatptresatrki zedibyithe sesteeriwfcttion iofvenimieconmltloawsse@al 21 JUN

2b02 14 hi gh r u it i.at ed t i or
over - adj ust rr%g?g §geg?tlf ?@g‘l F?}%%a\ggr g'%gr?aatqélse%dqb%oga%%h% . t&'}bltl;rrclB cllrggg‘l iters)
of air is nobetdnwinhesbbttizeg anlehsbynderpping nptngeBy, Sathhss,

per f.of mance 'ﬁg QE‘E?eHEhynBobaﬁ‘éﬁiétﬁ%@lﬁﬂ a pressurized accunul ator-type
er

system Furt “elenents of “the apparatus of Fig. 2 conprise first Pl and

second P2 pressurejgongaofEng gfaﬁﬁéeaarais§m§§ea9rfﬁsp'£§.tsanfégeerS,
whi ch 10 indjcate the overall pressure in the device, are connected to

redundant | y RBAPESr 2BFr IRL4SWING (AL SHAY %l DHESRRFISPPRS.r EBuBPet port
29 and the normakkyaek@sednm=sly sHLNOt€lf Vetve Ylpain stimulus;

?ig. 6A and Fig. 6C are tables detailing typical
20 calculations performed on sampled test data, comparing
these values to set-point, and performing rate-related

alarm calculation for each sample;

Fig. 6B and Fig. 6D are graphical representations
of the values presented on Fig. 6A and Fig. 6C; and

25 Pig. 7 is a display of observed empirical data
obtained during the awakening sequence of a patient;
such data providing an example of a pain-stimulus
response that is revealed by analysis of the
monitoring function of the system.

30 DETAII;ED DESCRIPTION

- A. Mechanical Construction and Operation

In Fig. 1, the monitoring system or device of

Fig. 2 is shown at 10 with wvarious control buttons
including a system start/stop button 52, a

35 "regulation" start/stop button 53, an alarm-reset



A second normal ly cl osed sol enoid valve V2 is 15 shown connect ed 1d JHEI08 ¢
| ine between cylinder port 29 and the first solenoid valve vl. Wen
actuated to open condition, valve V2 establishes a path fromits open-air
end 44 to the air line fromcylinder port 29 to the first sol enoid val ve,
so that, 20 with valve vl in its closgg unactuated condition and with val ve
V2 actuated to its open condition, a rightto-left displacenent of piston 27

in cylindrigakclor 426 aM IMeNTecepapc bAf bew ahaf heshebanbigdy sr into
t he described system Simlarly, with the two 25 valves VI and V2 in the
sane condit 9% E6FOFE R uateeeEn of - AL | ReFrBOABENRF Fhdieshil dondi ti on),
a leftto-right displacenent of piston 27 in bore ~26 will discharge excess
air or gas from tTﬁ"@ SPSERT M Y RN SRR R PUthETh CPARRSSACR D jts 30

normal |y cl @zedheopleikiBNeand fWath oraides 1Mt 86 ualed i St ieeen _
condition, a_right-to-l.eft displacenen piston 27 W draw i nfl ation

of. . I
air Prom (afd t sr‘%fﬁﬁi’é):en%snﬁt%il?ﬂelm DR ERF the sahee
condi tions qMavalessid® upaguaiesh apd ebmpalive \dh 35ianhvatthe a14

left-to-right displacenment o iston,27_-. will supply inflatfion air to
roans 19 of MG EREFLTAL A8 AREH80RS | COBoRIT SFRSLGRECOTRAARTRS | or

Sct uat idOP ofofvalv_xaﬁti\d.’latai’t@gVZo&reamaaéqiﬂt%yi?paéﬁpplyutp;;ﬁs thet are
erive rom_basi ¢ ,pragram sequenci.ng .signals_ fr a_separate . .

ni cr opr oces?&&lﬁ@;né 3‘?‘“":9%6’& Siasd %55“?% uxe &éﬁa-vdﬂ’, &?ﬁ%‘?ﬁ@? and
resgd. A 1. plexteehStcarinddrddraplrpasesind GstameaidrdE wpaksadigent erin
oper ati ons, I:ﬁhe orict.rol i rcui tagf Téi ..3hi ) l?. assed andu.% inputs to °
st epper mot &< rc“ﬁcr &qgerpc‘%\%%e d??b%? Rgriﬁ SF& é@nﬁ%ﬁ%ﬁi%ﬁ, ?kﬁ% Bntrol I er
60 for startinfiateditefdel]anadleesdng Asr stofifi 18 Bifgrekilienbypass of
the Fig. 3 qquuniql; L rr:%’dériéJf@CCQHng' igﬁgﬁ.%y ts'ik%w%periﬁ' gjgmhﬁ:%{%g@ 42 vill

si ngl e- pol e,” "t Wo-posi t1on swtcthes operatiron o

occur when tdendisignt is fprexipbeweddy upealbedwhiedlatpgimt te sbady- up
seayence i S Jdei,id . T : L.QNn 0 tep : are 33 é:ﬂ%ﬂ 'l ed
durlﬂgg start%tﬁﬁltdstghﬁégnce y?dglg%ta_r&gﬁl erEF%O) %%rl&ls%?fé:rts- u_p,i cent %lé%g and
reset. Befor@lfto i A§dni iR idiscatdyi VoerRsrd i pEilet 1N oftcautbaat ed

operation ofpdtherdedll ald dgorygbem Ofnfkgs 211 A2, HypdphasiRY) Lthat for
practical purposes, the systeninust conpatjibly_operate with suitably sized
LMA's for pafis&i @ bfSeauChyss, tedits iTRSFi Wyliobenrnds oREQ8RuR®s whi ch
will | dib}‘ f e][ i&lﬁmeas Mnmh asméfQng blezhwten s@?ﬂvﬁﬁﬁe&.of Tiifrfwiraﬁsscuhéinzl y .
avail abl e for_.the anaesthetist'.s ection,are as..f of .Iqws_Size sma
TnTERL),  AcEIRBATHU | FT AL PO SPoRane T D K PET 1SELPEard | AT ENDF, boc
maxi mum i nf |aatdemthed iming Si £2o. 0 thsmalgh chiHed) mdsBcc nixi nedthefd ati on
vol ure. direction, between tube 14 and the patient’s laryngeal

inlet 20.

Conventionally, the inflatable/deflatable ring or
25 cuff 19 of an LMA device is operated manually by a
hand-held syringe (not shown) that is detachably
connected to check-valve means 1llA forming an outer
end of line 11 of the IMA; when the syringe is
detached, the check-valve means 1llA is operative to
30 retain the currently inflated or deflated state of the
LMA. -~By experience, the anaesthetist will know
roughly to what pressure the cuff can safely be
inflated once the LMA has been properly installed in -
the patient. Although the control system can be
35 utilized to inflate the cuff after it is installed in -
the patient, especially with the smaller cuff sizes,
the above described manual procedure of inflation is



Size 2.5 (larger child), l4cc maxi muminflation 35 volune. Size 3.0 ﬁﬁﬂh{
adult)) 20cc maxi muminflation volune. Size 4.0 (average adult), ébké

maxi mum i nfl ati on vol une. 21 JUN 1001 16 Size 5.0 (large adult), 40cc

- maxi muminflation volunme. It is currently preferred to design the

di spl acenent -vol unetri c capacity of tEe syringe 5 bore 26 to be
substantially 20 cc, between LSl and L[S2 operations at the respective

- extrenes of QLamgn@e%p'gffgfntcot LBnRBLe 56, (8L 307 falfaqlany: or of 24

mm the di splacenent-Vvol ric capacit 20" Cc is tealTze

ful | - st rokedeifspltacamdning 1df ta:bdme 1©om15r¢rh sylteh cdnFig taﬁ<en as the
illTustratively useful displacenent range of the system Further
illustratively, flor Fist-eppi ngahotair3gonssicgnesors Addui wé1160®epul sed

steps for a,3iagls® JRVol4Itian1 gk 't@%@ﬂxéCﬁewn%‘l ucfﬁddéeacg paad-scr ew

pitch (i.e., 15 advance per turn usef range pi ston- 27
di spf acenenEonmesInies 3B oo dl@élétépp/éélfmrepalrlhlethQnﬂ-é offor initial

set-up purpeges. a regomrended efAriacd epeidkinler at8nRbcRYLSEd 3t eps at
5,000 Hz is tgsbe applied to preocﬂgéeaa pi ston ZOed pnacgnent spogied of 6. 25

m sec. For SHSER@LIGH dddgr élPeSElSat(thadFEEFSE‘eﬁ@ﬁP@Ctérr essmiasded "sl ow'
repetition aemaf E%&@eﬂsSG%@%dHaﬁi¥)éBnhécE@dedMEEhﬁﬂoiOFEﬁQﬁUCG a

pi st on- dISp| acenent sp d of 0.625 mmisec. It .is_explained below that any
25 aut omat | ¢1predd Lridg @radiMy cRRectPEnend bFéFe%ﬁbF?mQéﬁllé?—éfd by an

i nc{ gnent Of::oihlrx%thibdjl@@' a@eeeetc,t Wigt el Bhehedmeeidnte®@JblEs tiieom t he
m d- point o so that thelndlctedre |Lati ng range of

ful ~ran
not or di spl E@r?ﬁg‘ﬁtvar Vehd??ﬁ%y IR Bfpltcs MAE R 3F n W?h%g;}&& e &% 18, 000
pul ses to net woﬁslnﬁwslyn@blehngp@sy@errefdlsspé@@reneahmqh.@tadﬁﬁﬁt 10 cc,

in the LMA nf.l ion or t . ng d|r ctlon as needed
For aut omat é’d’r‘%e tc?%’cjtﬁ H‘f% z?{%e&k’et&g@e %bFn &c&n@ S his range
limtation in&af*mjmbr&ﬁri@esesye:mgg oeanize iabmies nHoed blE/Aamszﬂs,d even

tho hther il : mlt has
been recommen :8 ﬁbcévfglt ﬁ}at c\é%s%/Hgﬁgar%esﬁ G%)Lguc]rg a;snng%Dé(Igeg#r?enc)t ed (at
11') to the w:m‘h aaabbfémdansalg hyfre he6 Lmavgrmlcy af tepenaviony tfaall )ovved t he
convent i onaley O8ELUI Ak 4H Moy En NBAdTRE] dnoyhlngs. 5 (H9dy shany

evacuate neans 1 pur poses o insertiron in patient, anoFfor t hen
usi ng the sd&ixed ridge fuARS feeiben 28f AR eﬁtmdéhlpwelep@ﬂazairlsknom from

experience Wd |, estaddd sfba rPéé’d?)‘«‘réﬂd| Rset ad §e§erf R cibarpaind the
Iaréngeal inlet, 10 and vvlth di stall )écontactlng ag nt_ wth the
hyp@@har ynx.Eorhé priéf@ated Lidehod Sof thei ¢ LA y t%q{?q?\ﬂ%*ﬂf@‘ 19 is for

t he anaest heidrbied®ithse mehisnga means. tWiad h&ﬁ.r@&thﬂllﬁé’lﬁ MEifét ation
ring 19 'S"ﬁlﬁgff§ closed solenoid valve V1 must be actuated to
open condition if inflation air is to pass in either
direction between cylinder 26 and the
25 inflatable/deflatable means 19 of the LMA.

Piston 27 is rigidly mounted to or formed with
the head end of a longitudinal rod 30, the tail end of
which is clamped to a slide block 31. Block 31
establishes a rigid lateral-offset arm for

30 longitudinally stabilized guidance at 32 and for
reversibly driven longitudinal displacement by frame-
based electrical stepper motor means 33 and its lead-
screw output shaft 34; shaft 34 has threaded
engagement to a nut-like bore 34' in the rigid

35 lateral-offset arm of slide block 31, and preferably
the threaded bore 34' is formed in a body of PTFE that
is secured to slide block 31. The guide means 32 will



15 manual ly, the systemof Figs. 1, 2 and 3 is adapted to quickly assune
pressure-nonitoring control of inflation ring 19 to the predetezqigmﬁgﬂet
poi nt, which will be understood to present a desired pressure sét-point
value SP (e.g., 50-cm H20) as part of the 20 display 49. Al though the LMA
control system 10 is capable of perfdning the initial task of cuff
inflation, such initial inflation by the system 10 may be practical only
for cuffs &€ sHRFPEEFTPBRUN c§ﬁac§‘t>$%aitslqﬁoﬁeﬁﬁ-§§é}ﬁ/ﬂpﬁ pfefemred. 25

Thus, withdympestigal hr eshgh dugehanoi nt1 SR selwes edhand @L%Fs%%l%hed for the
systemof rigs, 2 and 3, pr%grarmed operation wi|l begin with the

S.
control l er 8G-380F SRGVR- @B c%ﬁ?éiﬁhgf dNASRsERe TGRS oPFi METhe initi al

start-up sequanam" TRt Al @l dyaes B fheur dwaFied.enhnCqry ai Ns_an
al gorithmthat actuates valve-' V2 to gpen condition, |eaving valve V1 in
i t sPunact udftléEF‘?a'ﬁ?i BhdFEMsr NeTPEY s WHEFEILNY -3 cREAFSRBARJISSHRd Pul ses are

then sent ataduvy seeefenb, Q@0 fHzledi BoSteRPEas1 18 Op166R! 88l | efpnpnd driver
47, 35 operating notor, 33 to, displace at high speed piston 27 fromits

g
retracted 4 gh, 20 BhL F iRt @+ RNRBEShy SHGY §F BE&EERGh RAkYS 1 i mit

switch LSOriRiétand Zpace lt HN-26d0aysB808 tBelbekppi@liyvel raMRIWRS The LU”
0 n the

range (L) of, piston 27 _travel in.bore 26 in left-tqQ-right, notion.

cour se of ter?ieg“%x?ra%ersgf’el E}&sg-p\;aqc{ HA I B PR PQS\M’?‘&}R D&% her eby

i NLOI ati ng supgdiet Arepperidarics ohfdrded &y anshrtl i 32wl e agdn of nunber
of pulses that are required_to drive, the.piston,as.a_functi.on of

di spl acenert® Lo TREL EORHES] DHESHThat LE b S iRbn a5 LEF SARARARE 11 m
switch LS2,ofatpibtch R0 Rilcie el ceatrtali slamng redinal o axdmoryf of
controller 60 ngl. u tic divide-hy- petation i.s. eff ed, with
its hal f-cc%%n% %fh@gﬁﬁ?%ﬁe °irﬁtgsmm @o}gi\?ﬁg g%n%f’“gl Ipelrs%l% al so
entered i nteaf herwiyeby heeyesi epgeninmat orocartticgl | eboand thevelteadd.

Thggeafter é&ee&tepper notor controller and driver 47 will track each
subSequent command that operates nmotor 33 to independently maintain an

awar eness of pi QR 7mReakEt kYN 4 ¢ ghake LSt RENve8N kY troller 60
for Lravel to start llznmtﬁglsoggoéisﬁeé%i rec%%gﬁ_ g? thgqsat% 2%@%(?8!& r-ate of
speed unti |2 aPF@IcdSecodhrersipaadhe@onRdPéatYie Vidgianas oRrf27th@as reached

its md-postdiHPivOrexddZadioNabyCedehi &f {0y dBaoit iBd SfinaBEUSAI NG it tO
its norrralldé_iclosed condition. Both switches 42 in Fig. 4 then
si mul t aneod<ty MIEPY ansTRE RMBHPENSLF SPEEt Sf FHAG1THn( 374 t HRUEecond
("2b) positébnpildteireby7aldoypgeamétzry-19gicomatlidd ebydbmosbown in Fig.
3, to assung cont;ﬂl of aoéor. 33. The fuiztzy-l ogic controller 46 wll
operate in SRFAANCE WERIFSYEE MAHE B0 13T (HEB%F oWPi K50 fable 1,
provi di ng the sipegéndscesskig.f2ripdstane?idnt ovepalilnliength Lrafel in the
left-to-ri i [ ectibon ily pressur ate t ERS,D? endc.of the
cyl i nder Zg&{esc’]ggﬁr’s‘gbpr e?#%%ér%_m*rg?i\ ch'ecz%-e;%é ht ?ogre su e,g‘%jf/pi ggl ly 20-cm
H20; and ordelévehingl udnfisaBiomee@iat t afwom, flerecd8ontexpklened in the
f olslzoW Ng s } i i+ uLth chuyga C in its
2 QPapPL?ERR12 L hehsachdatgd din. comhl nug
travs(e)I untif&%}leegetg- gmgnt \éa l}eel S%'e%%s : £ 1 ?UN 2001
long as solenoid wvalve V1 remains actuated to open
condition; this same length can also be available for
a retraction stroke of piston 27, wherein a controlled
gquantity of inflation air may be extracted from
30 cuff 16. Fixedly mounted limit switches LS1 and LS2
are schematically indicated by arrow marks in Fig. 2,
to suggest a stop and/or reversing device at each of
the longitudinal limits of the overall length L of
piston travel. However, as shown in Fig. 2, piston 27
35 is at offset AL outside of the cylindrical bore,
wherein the arrow designated LSO identifies the point

at which a coacting lug or other switch-actuating



19 been attained. The controller 60 wll then actuate valve VI, 21 JUN T
transferring V1 to open condition. Should the controller 60 (for start-up,
~centering, and reset) fail to receive indication that 5 the preprogramed
check-poi nt pressure has been attained within a predeterm ned nunber of
stepper notor (33) steps (e. g., the preprogramed check-point pressure to
_be attained prior to travel of the nunber of steps recTUred for piston 27

to traverseden@c@ aht healOr-{ed adyobidishl aea™Y ddact@nwaudi Bligiand visual
alarmw || issue and the systemw || prohibit automatic system operation. -
A. 2 Fail saf 89AGEE A% | saf eeﬁﬁfé’—?ﬁ/ﬂb‘é’t r PHgerdd NIy t FéIM8lcourse. of

regul ar sysheflieReniintono 8p@heS UpsE aoh - abr gavtati gbdet 1een shidemr,edundant
pressure senso%;. The pressure is nedundantl¥ sensed by pressure
br ansducer s "B Tanfo RSO EGRtuAF ERTH-RAGPERER! | VSETE e PHHRaS UEE Meadi ngs

are gonti nuagshie rC @IRANEC bYnd POGPAB At fu 2alBanand\' p4efedatardvar e-error

HWwalarmw | be nerated when a difference other than substantially zero
is detected® é“?\/\egﬁ ﬁh%ng-llﬂ?.t Tﬁi""sltﬁg’te(ﬁ/vaf"éer?%r ARTHGART s FFYERED in the

form an aud&}&ll@/i?il@;jdﬁ&iwé i@:@ﬁ;éﬂﬂﬁer%Ctﬁhﬁgnghde&ﬁaésbhe&id)'w;St to 25
assune manual__inflatipn.control o e LMA. _Then short peri.,od of tine
after issui 7§53 ¢h a,{g#)d},}',}frl_‘ee{%ﬁ o?bg?a??n CRbnBhr anFrm a Abaggg will go
to fail saf ebaaste, £romi ag Séuresl V3 ian phicescedl paiant aaachhefpressur e

wi thi,n the LMA cuff.. 30, B. Nor gl m trol Euzzyzcqnir.ol|er_ operation
s B80cr i bed PRI L | BOF AL F Al Bs 2Ber TR - o T AC B PR CLORIA® 1ot tvio
colums in Eableechrefl ect the previous pressure and - the current

pressure, each as conpared to SP. As 35 noted in Fig. 3H the delay tine
bet ween the firstA:anduseberd sbbwmmsins Fags- hal f the ) heecbndndThef | ast 21

JUN 1002 20 ol idabhe agefLecksatbe comumad tBal-uidiod vpical ly be
sent by the“fuzzy-logic controller 46 to notor controller . Because
during nor n@lixspumiarent iablyt epperuded orby3 apaiefidsiemt y cap s1dw speed,

the s fuzzy \eomymnd drs a8k icdhet ebBROfwHLERC QR NY NuiBeL (Meof Steps.
The descri bed pressure-regul ati ng_process that is conhducted by the

fuzzy- 1 ogi c X&THFABeLY pr FErHBISA petAGAEENANS t adR wi BRE n BL3vGRe of
operati on defdsgest fon a3 gleadbandyigdn 0. feeri ¢ Ot HE eshaBa s Of by he

-poin P. Table 1 ration of Fuzzy-Logi ntroller 4 1
Set-point Sreplaapcfng aQDSsgé gapo39 l&‘r%.t).(l ao%e%l cc::oagg 309.e 6_ 15

Some pressure-regulating operations can have the

20 effect of causing interference with the sensing of
pressure changes reflecting patient muscle reflex.

The system of the invention has been designed to
minimize such interference through its design concept

as an essentially closed-volume system, wherein

25 adjustments for cuff 19 pressure deviation are made by
increments of displacement within a shared volume of

air, as between (i) the volume ahead of the piston 26

and within the head end of the cylinder and (ii) the

volume in the cuff 19. This is superior to systems

30 that regulate pressure by using an accumulator or
reservoir of elevated pressure to compensate for cuff
pressure changes either by introducing air from such

- an accumulator or by voiding air to atmosphere.

The inherent increase in system stability
35 resulting from use of the shared-volume concept that
is utilized by the system of the invention allows a
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andrelation to Setrelation toDirection-PointSet PointH ghH ghH gh nunber

of st eps, reverseMedi unH ghHi gh nunber of steps, reverseH ghMedi uniow nunber

of st eps, reverseMadi umvedi unM ni mal nunber of

st eps, bi -di recti onal LowMedi unLow nunbéi of st eps, forwardLowiLowHi gh nunber

of st eps, f or war dMedi unLowH gh nunber of steps, forward C. Tvoical Waveform

for an Anaedtlsdtidedrestieht FTUFRCY 5 Wiltheut ateesar iadsyd r systemavef or m

which , thepgystiem of the i nygptigny Q%Stn!éﬁ-ﬁd both tog ggtilfa ressure of
the LMA cuff 19 and to nonitor the BNA Inflation pre sure. B ch'>}|ce)’at|ent in

this exanpl @FRFMRAT SN gor J0BRdMLs (PeiSndniredahiter sl eEneilkatied, 21
JUN QDO ) ~ iy idh Tedfeh éﬂgp p@akéﬁtb§ ¥€E§ble§-t \'nB'Eo'rS e Iepiyl t of

positive pressure being exert t hrou ai rwa 4, al so referred to as
i nt ePni tt enPEFESIMMARESr edSur PTRFENE Yl omotyr 'aIVIaP‘Jfablﬁ g.ferdem cts the

ability 5 o8 A8ULE Mclhe1iPYBOELER QW tor oscillations
(fluctuations) about the set-point SP 5'?50 Em H20 in this exanple), wherein

such oscillati 0”$‘LQ&CH€r ale12netes OfofapPRREXI Hﬁbﬁ&-&th‘éﬁ' e CyLfqES per
m nut e, V\:hIChISt%/pIC of the respiratory cycle of a "nornal ' 10

anaest het i zEP"RFHEE phiTEht PY 13BQs sSé@ﬁddl%%oPé'PééuFﬁaﬁmé'{}&Prﬂéﬁn ratory

f1ow, throuwraaisrdmsewbe--~%hes%etﬂ195s§ne@t aaeangdqr:e&xs | PRMAiom | | have
the Sffect af causi ng he LMA cyff 19 to under rﬁgulﬁr cycl es of

essi on/ BN&Taf Lt hBTESEYEES 6 Bf tH i nvention
| s to rreasurc@ridee:amgrué ugdedahdbatn yt hedroiciwr easio A:egamsei dh Ocm‘é es as

well as to detect deviatio om suc res |on pansi on c es as can
e et ar m naaes et hash i STt SHE e EPRRE 2o 300 HS Tl b er o)
expansi on ofclideedifirst ssghehotdvehape ¥as such is shown in Fig. 5 and

which wll be further explained belowin the section on autoscaling), there
are not as of yetA asgcondi tnarndlpyi rclstsedl isoleraigi $alWegV2SAigrovi des

n anpl e t t e nc a n ' S, he system
?ﬁe mve%?ll gjn WI&?’PR%#%# g)rég %&e%or%ggl algﬂq%r n?éptl?‘g%‘l’é ur @lﬂtﬁ éare t he
subj ect of dioxtusa orergd| owhe Théigstphseteriogd 5Adlye IVhist r atWhen of

conpeting 3@ Jiol365% at oP| GYen OV SidK Ped Y d Wteeeamlghg@ Ny stinulus
of the character indicate First of course, ' one is rem nded that the

system of t R&GhvERPToASA | PPRRVBLEedNd 4 t Sondiifal 2L ¥ edding | O™ node,
doi ng what < bt richdds ;Jw@dwncétéhé epead € SPERbLA0va Ble ). Sosekand 35
| ntgpval s) of, feasuyed pregsure (€ 9:e s Plhabl L8 A QL IR Ll gl point SP
and<8si ng tPﬁ-§ SRR YR
with valve V2 actuated to its open condition, a right-
to-left displacement of piston 27 in cylindrical
bore 26 will induce an inflow of fresh (ambient) air
into the described system. Similarly, with the two
25 valves V1 and V2 in the same condition (of V2 actuated
and of V1 in its normally closed condition), a left-
to-right displacement of piston 27 in bore 26 will

discharge excess air or gas from the system.

Also, and analogously, with wvalve V2 in its

30 normally closed condition and with valve V1 actuated

to its-open condition, a right-to-left displacement of

piston 27 will draw inflation air from (and thus
deflate) means 19 of the LMA. And for the same -

conditions of valve V2 unactuated and of valve V1

35 actuated, a left-to-right displacement of piston 27

will supply inflation air to means 19 of the LMA.



Z 1 JUH QU02 22 determ ne and make the proper displacener.~ of pi sign 0%71001
The pattern of neuronuscul ar-derived pressure variations which fol V\7‘a

pai n stinmulus, and piston displacenents that will be called for anti may 5
"not be within the capacity of described nmechanismto track, can therefore
create a disturbed pattern of rreasureg pressures while the regul ati ng node
_is attenpting to reestablish itself. %ill further, the normal regulating
mode and theopalbents ;3 il RALE ALy 1802y SLeatlidy Do afdpypLigg L0 adapt
to changed and changi ng conditions, as nmay result fnromt e patient's
neur onuscul ardr e&hoFse t BravadesenPyig SEPRBRLE nPUtHUES hdhadosaref
anaest hesi ; NigL Q4 i _Ei ¥ : apd the charts
and t abl esa‘ilr?g.”%% fGIa_J,rrd G%égﬁgﬁié%?r%@rggqﬁgpgilﬁ%us%%% of tV\EQ) aut omatic
t echni ques RREREB{ St L FORXACTSH gBeaps 2 andneeml beer€0t fer

anagst heti sge b BRLypdUIHRE dMG SO RE-r Obe@, SUrgi cal operation on an
anaest heti zed 20 patient, the patient has given an early neuronuscul ar

indication gfia pgiﬁgt%tn{ e Wi ch the patient's current anaesthetized

| evel has been unabTe To oCk, "even though the patient is still _
sufficiently sedgbed p@rPEsHECUISCEPHE R HtALE Wie dHBWBERtRkihge pain 25
stinmulus. Such neuronuscul ar indication denonstrates_to the attending

anaest het | sPPEREF 100 pdthe MO E ottt hgeuEefes3 of ShPYPREESAX and

hypgphar ynXxand phenampuds ivyligaigpsy Ghottdr | f6hPreDlest aga akivbe patient's
awakeni ng p

gcess--w th eptially seriqus .30 conseguences if the surgical
prot®dure hid RSE feqntﬁgﬁ%‘gnbYeFé& CA% Ii‘té?sg?ﬁoﬁ/ﬁafﬁéf‘ppati ents
under the etéacerdhg gerkrmisemaeRdeshawhetnnBignsensthieveypaspai n
sti mul us, su%htglten%i‘liti vi:;y hagvb?en.d_i_sc&ve.r ed_to 35. be ggr{bi c {harly active
and obser vaBFe "AF M1 ¢® s§RPERRIsGAFSIMdT my tHePTR YhR ¥l 6t*€and t he
z ~ ~uN ~oozp2falijgophaf vitwoar #ngle -paleheawd 1pdser ich sseniechdst hat such
activity of ,thes s t wi_| . .var it h styhe t f _anaest hesi a
and can be 3%§er§3§“b§lpg%-§)s§t??’g%ffl ﬁlé'tl&gt%lez)/sn\g?'l nb“alﬁ io%%%egt]ggleﬁv&?%uff 19 5
havli®g resi knént |is | badetd poweinedousp coataehiwht lpsinth Austhetsypt ens.
Speci fi cal l el g r eaglin .t e
conpar at or ¥X°’%‘ 8‘% g'lé?elg%gﬁ%ztree?'by%‘ggn% Fﬁgr1%%§%$%ﬁé,ﬁ?§§%g]d AD" 59
in Fig. 3 td3devifop GRPARLIEEGEr nfUALnghd ARATEOYPhe FREVAREE rBYy or cuff

19 of the ipehakdad M é6) thys é@@:ﬂeags ekrneadhfletaed iaasof. a | ocalized
neur omuscul ar response, which is deducible froma sudden reaction of the

regul ating funct ipytdde tPeodecaihfedivist M ussrabeveamedcxr igasiior 0 occur
in Ehe 15 disturbed apd.irrequl ar Ig)att‘cer of ALressure excur%i onsﬁﬁ'n Fi g.
5A, 2Qher ei n Y SRREPFAGEEn PREFMLH dé’r‘rti%ea FE-S 019 pSYR ST AH us due to
an event oc®igs.ng duamdy & ,surgi cdls pmetedir ehdl g.fok dipEanissadnpi ri cal
val ues of t ing r re f uat | ery.ed to occur
as the anaegﬁh%%lr%ét&’l nt% %rﬁo i g%%l%ﬁ% a+‘#%\%\edéérgé§%%?§%n¥€égr%g§ti% y revive
fromthe deptfigadilianaebzedsi BYMAI s béong paddestteod athataldl ctrgassinilar to
Fig. 7 was auai]ablgyififgad ot iAR100: ShSRLANnES il bIeL CRLE Ay
25 by as much as 10:1 between extremes. The sizes
currently available for the anaesthetist’s selection
are as. follows:

Size 1 (small infant), 4cc maximum inflation
volume.

30 Size 1.5 (larger infant), écc maximum inflation
volume.

Size 2.0 (small child), 10cc maximum inflation
volume.

Size 2.5 (larger child), l4cc maximum inflation
35 volume.

Size 3.0 (small adult), 20cc maximum inflation
volume.

Size 4.0 (average adult), 30cc maximum inflation
volume.



25 of the surgical procedure. The pressure changes are di spl ayed 'lo‘hJU'ﬁm
ordinate in cm H20, with the setpoint SP having been selected at 60-cm H20.
Fig. 7 displays events that transpired toward the concl usion of a surgical
procedure in which the patient, "Patient 30 5", was anaesthetized with a
conti nuous feed of propo_fol, a comopgand popul ar anaesthetic. Three -
specific tine periods are recognizable in Fig. 7, and each of these
intervals correspends st g t hesfoit izghiign of 4 gcyak o LB nt of
anaest hetic 35 aggnQmsater eg atlo(lijatai ent 05. [ nct hea?dll?@t 0 Itltlﬁaegféregeri ods,
begi nning at tinme 68-m nutes, the continuous adm nistration of propofol was
stopped. And in an 21 JUN ~ 24 ensuing remai nder of the zirst period, a
significant incréfse i acturvienglyf npseferred t heol adgsi/grh~rghe area is
readi |y obsgtyvablLehBnth&AEWH icont ag Ei_ t L uf f ;

Correl ation of~ ?ncreeaged r?&?gieei}algti v?t %E ﬁ'lr%);’t hggf a?/;%r%%/ phsa%g%&greegi on) to
t he Pat i ent berdepfhtofbarztsshert 1ahiy Beescdi besweendLEd BadoLsS2i gnifi cant
benefit in gREPERALRKBY REOPEHANGE i:a,d ey, LNg.Ehe_¢ e of

sur gi cal anggot her proceedi'ﬁgg. 10 g:%olf éthe 1%I'Afgﬂc'gée%/l c(_é%anagrgrg%?it oring
appar at us pRéFPdasemeais Loyrwhare steh Epsedy o2 T abianetadl pfhe made

W th the adgit haoalthféer@fgﬁlég]emtsv@ma&wgct i tof%gur:kher
intrusive apparatus. During the second period_markKed 1n Fig. 7, the 15

begi nni ng of SwAkeRiGeCuMYe afubbpfexPhat &ispia crmantutlesPLt RBOMSaest het i st
resi@rts thesagml, NWRLEALEQA PE PARERIAE . cHEe 1 hhserpeiiadlyl 1sEEQy 7, starts
at appr oxi rrgte ;I me 73-mnutes) and_identifies when the adm nistration of
propof ol waSl§54PReBEB5pedr2BA8 t hef20 BBEI enfYREEMal | owedFHELPEM v awaken.

Not e t hat th@ﬂ.&s@fc@.tﬁ@eﬁ.ﬁ*,t hesy r gaditegs iald enctBRr @8 e £i&ha88 @41 nut es,
because the LMA.was _at that, ti

t renoved from,ih atient's, laryngeal area.
The events GF§PFATed &% ﬁL&SE}A]E%%Pae(EEFe% g@\é)d’éﬁﬁﬁi‘t’ﬁé?nt R
moni tori ng syst dead- sidrew Buentamd fopchi Aeaddsardwveltoh gdne.t,ivity

perndtting detection of nuscul ar ,acfivity indicative of _the keni ng
seqﬂ]’ence. DA EVARFSmeR et A s 9% %mmTECtﬁﬂequé‘?elf onﬁ%ﬁagdaﬁﬁl"%&guton&ti c
i nterpretatpastoh tR22 ahismlycdmenti bedvoidveisg. 36A0ane dikarthelydescri bed
bel ow. ~ Th lsar, cay i tored by t.he an heti r.JdJmedi ate or
early recogﬁlﬁgfs%ﬁi #&gmp%%ﬁﬁggangr%ﬁl éq%gtaalhggg%gge% g&‘i‘%g’s?eer Ved as a
synpt om caugedeppmmengad ' fagt hi vapesisgeoroirate phtpehsed @N@Ersni ng
process. 2} HINEPOGZ, 23 B choiguesar aRykhe gs isturent of
fluctuation boundari es (?ﬁr g%%o%%shg%% gggh%s?ldggo?u%he %o n%:t respiration
wave? or m andifRe 2EEMEAT sEPeRd LMRAI (r BngS1om/iesssur e FOTsud®IMai ts; these

are shown pressure-regulating displacements, a recommended

"slow" repetition rate of pulsed steps at 500 Hz is to

be applied to produce a piston-displacement speed of

0.625 mm/sec. It 1is explained below that any

25 automatic pressure-regulating correction is preferably

achieved by an increment of piston displacement,

wherein the increment begins from the mid-point of the

useful range L, so that the indicated regulating range

of motor displacement is normally accomplished within

30 the scope of 18,000 pulses to motor 33, thus enabling

a volume displacement of aﬁ least 10 cc, in the LMA-

inflating direction or in the LMA-deflating direction,

as needed. For automated regulation of LMA inflation

to set-point pressure, this range limitation is found

35 to serve any of the above-noted LMA sizes, even though
the range of inflation volumes is about 10:1.




5 as upper and Iower thresholds El and E2 in Figs. 5 and 5A and ar ¢ 4 JU:P_XIN%
referred to as the "check anaesthesia alarmw ndow'. As shown in Fig. I
~and E2 are the values automatically conpared to each pressure signal
fluctuation for determ nation of the anaesthesia-level 10 alarnms, Al and
A2. The attending anaesthetist is ablejo individually select, i.e., to
.vary El and E2 via nonitoring device 10 Al is an instantaneous-type al arm
tr| ggered whenevekt r r OLMARYVI V, el pw t he
"check anaest hesi gc gggr %‘%% \?\nuﬁg@\?v\é?}ri%? |as rarrt(r’jeH ﬁ% %‘Yﬂ%{%g é?
initial war nFhgsal &r BNAL2i bet Fipggéﬁéédbjaén}ls' Infle td‘eanmfbmtabbm t he
check anaeshbgsiaicalar moendam dhiey Abrdled’ Mt Lhgbe ANGSANY eplo the
anaest hesi ol ogi st in audible farm Once thus warne t he anaest etr st is 20
alerted to nBRBVEALiLERE: a@mu&tpﬁeuﬁes&n%ehaesl tssrelrdmmmg t he
strength of theranaeanhetds é?ﬁaaga@éirﬂr@aﬁéewdfbe the £s AMArM A2 is
a rate-related alarmthat is determ ned rﬁ) by a w ndi vv-rel ated val ue ET
(expl ai ned 25nBEFEWPRadd: (3 i PabiedrFcuPaCe %a‘ﬁhFI\") Us4ss] e sEe®essi ve

sanpl es of thordapectes wrrfar mualf MaMddod MivHidH athen ppesseee. wherein
the sanples are taken for each success:’;é%ao 1- s%lnd sanpl i hg |nt erval, and

are effecti vBP§WSnt gPak e&*RE 18161%ed bSFARARL B v aR ueBTPREALY

wor d- sunmi ng1aekagdCigedl tof afefOWIS i Arbh8d Theedddrwigéh® ahsekute val ues
is taken for its sarrplle gghtude with reference to a stead§ base |i ne,
FRpofhEt 5

convERi ent | y3PHe ¥ ¥ie, CABE3AbIATI nSREGISMER anY Ffet he nean

val ue, i.e., hi/pep aramym&.% the nost recent successive thirty-two integrated
sanpl es, di vi ded by 32 (61, Fig. 3A), .exceeds the value ET, as further
8xpl ai ned bel ow, Che @&eaﬂeamad meﬁhdcﬂJthO(ial‘ﬁﬁ)aﬂﬂl}ESSﬁ@Blaaimfgl LMassue,
such as CHECK AN@ESTHE% to_the heeC %Eﬁ a _conbination of visual

and/ or audio %Fa r‘fﬁ’estaﬁlé:’t b‘f/s uFYhat o8l BrefEd -t o make
an i medi at eWbethect iore rrcssptrmseLMhmbﬁlEtn.n@r eamgrgl& hesstinédgitledof the

anaest hetic ﬁ@%ﬁgl' berhrég sg%r{ré%! %tfe%Eg tolt h | B él gnEth'ga?metgﬁlL:%ul ated by

addi ng the absol Ut e “Val Ues and ‘and g ereof by a
sel ect ed congragklly, | assumg) 1rIEPssure-fmoniterRrg, keahgreiln kafs a

sel ected val E%f'l%tt:.fb% ra0gg 3406 (@nd Fiff‘écf‘ét?@h}{lﬁéd 'ée@eb'&g.n‘ixm ai ned
that with k = 4, the_15 "divide-by-4" relationship _establ]shés a preferred

practi cal saf“’éltl;?’hf Hétl&r Byuﬁ€§ﬁ§tSPdwFrPcHrFﬁ@ntCﬂEéRSANﬂES‘PHESISRIEaI armis
reliably issged-@«amtt heaphe t be l(estgarrtam%tﬁ tiype fﬁs'irﬁéf\& &y uH have

|ssued As s%ggn |n Fi g. a gg’xco cl ysj.on of each 20 i cond
sampfPng per rdestAgé’r?d'l i 598 &&Kur GBBEER ?r‘ésT'ﬁ'Pe shple is
i ncor por at ed dapalﬁle_- neyf cqiauﬁc&tmmg oftweaninatualf otaishe rext A&Anpl e
conparison tq Thus) for exa onmal icte 25 5A,
which is ill &ﬁﬁ&til\%i ofs‘%‘l: ale]mi‘lr\??a%vlecfﬂ Qéf)s és(yﬁdrh fs:duﬁllbl Yeal
procedure, whe practdemalt @nj.ryvéom sefffe dét emailiati oad une clapaE | or

departures frglrgtrgel{boc;rg*e f%aﬁgeggg gged in Fig. 5 If an initial
e

sanpl e traverses on I es o the 30 al arm wi ndow, the first

alarggAl will be tfﬂ%ere‘glltﬁnd tRe s onq._m._l.@émf@ rrg)étrlg;o igeredégt el y be

triggered. However e |ntegra 1 on and nean-val ue devel opnent descrrbed
above can redfifkeqted angHEREabl g has vre S EeROL Kigs; 2 And

threshol d- tr avep$dgrammed operation will begin with the controller
60 (for start-up, centering, and reset) controlling

the initial start-up sequence. The controller 60, as

30 shown in Pig. 4, contains an algorithm that actuates
valve V2 to open condition, leaving valve V1 in its
unactuated (and therefore in its normally-closed)
condition. Pulses are then sent at high speed (5,000

Hz) via stepper motor controller and driver 47,

35 operating motor 33 to displace at high speed piston 27
from its retracted position, which is determined by

lug 37 coaction with limit switch LSO. Piston 27



35 needed for the first alarm Al may not have occurred. _ In additipf Jus 200
these two al arns, the anaesthesi ol ogi st may nonitor continued progression
in the form of Z ~ ,1UN 2D01, 27 percent awakening that can be displayed
as shown in Fig. 1B) the sane being di scussed bel ow under the headi ng, )
"Di splay Feature". Although the graphi®f Fig. 5A reflects interplay 5 of
various reactions, it is particularly noted that, once such reactions are
det ect ed, mﬁmﬂdlyammayﬁrﬂewamhﬁeﬁuﬂiomﬁmgeseﬂﬂpomﬂ phisace 2¥im nated
Wi t hin subs |1 cgnds; by t i stratign of . add tlona
anaest hesi aéladjtuoé% h %§$a\9/%Fea$u%§§9'rlrﬁe %ﬁ?&@aymagﬁggm ai P8 & ﬁn ndow of
time througtowigeh Otfhethbat itmeotestse - ~dugr gilngeslgnalctuamsh lamithat shown

0 FIgS. 5050 086D AL ddy VAL showie, latest Sinale ThLLom nute o

regul ated pressure passing € W Naow | ef t - hand
mar g n, anuﬁqm@%¢h§ebuandfdmnuﬁmv%ﬂeﬂabountyQﬁ riiwbey gbf - pahdesargin. An

addi t i onal p%éqe%ﬁfygéytggd%f9er€ﬁél%%95&3 Sbfﬁﬁcg%ﬁr{:g‘aand Fi g,

i ntegration/sumreati on process ean val I's S
1B, where t&mh%melntpllays et heowntr s& ofermipakadi cntly awpengr essi on,

froma deepig! #Yehcolanaeatliey dpyobonniled t e Lhistn YamRLeckLo. A to

an incipient Tevel approaching awakenin cond exanple 25
Fig. 1B. 'ﬂﬁ#kﬂsﬁP§FQNkﬁeﬁ&bﬁyedo@QQQEﬂ%moaYb@ﬁ(ﬂRﬂQrQlﬁﬂrsﬁgms as on a

pergent sc e f d
deslccofl i ~eda%laﬁ%véeIt11 %ﬁgéﬁgrggada\%d%e% th#?%%#\%%ﬂg 1[§ e gg{é d| splay is

est abl i shedwieh éBEhbpddi~aannt YRipenentgrefedaisy wme@ t hBe

anaest heti zeghPableat 160 PRSI | 9186 hddeeSULGRRN ﬁ@mbb? oper ahieng tabl e,
in readiness for surgery. The paraneter eqU|vaIent to a_100% di spl ay

readi ng wi I?t%ﬁﬂﬁfemPGC{%ec?ﬁFFoééﬁﬁe a5t EFrigerwii’ch poPRFeRRESYCHECK

ANAESTHESI A hal e appel! mogsire c&ﬁ:%&wslce:pram dedifer wyiWizatteachy
anggithetlst aﬂd/or other er sonnel artlcular sur i ca

Gure 1eaehe SHRTTSeRE  CHTARY S & hRm: Boerates  Rpog to

m cropr OceSSﬁ)diepéndéheEL}datrr&-lﬁfﬁﬂnt adr Ol’am@ﬁeké aof Cp&ﬁubﬁr 2rnterface
41, thus prOV|dg g for the nonitoring, recording and anal ysis of system
i ndi cators BA°% b Pate el ectronic media, as when nDre 5 sophi sticated

recordi ng and an re; de d. u (@ a ow It has
{i‘h %@xn 1 deshie % ?Eﬁ%aclt é&%g“é“%d

been di scovered e nDnltorlng on of e Sy s &m of t1he invention
can be rradetrr%V@lef-Pl stamt [n anhmmg@osmeesd:zéeétlpma@h@@e same

20 high rate of speed until a pulse count is reached
indicative that piston 27 has reached its mid-position
(oxr "L/2"). Valve V2 is then deactivated, returning
it to its normally-closed condition.

Both switches 42 in Fig. 4 then simultaneously

25 transfer from the first ("1") position to the second
(*2”) position, thereby allowing a fuzzy-logic
controller 46, shown in Fig. 3, to assume control of

motor 33. The fuzzy-logic controller 46 will operate

in accordance with logic rules set forth below in

30 Table 1, providing the signal necessary for piston 27
to continue its travel in the left-to-right direction

until pressure generated at the head end of the
cylinder 26 equals a preprogrammed check-point
pressure, typically 20-cm H20; and once such value has

35 been attained, for reasons explained in the following
section, piston 27 will be further actuated to
continue its travel until the set-point value SP has



10 anaesthesia alarm w ndow to be automatically reduced (or autoscal Sﬂ? M
t hereby providing an advantage of faster alarmthreshold (i.e., El a IJ_%
adj ust mrent and therefore nore accurate nonitoring of anaesthesia level. To
“acconplish such autoscaling of the check 15 anaesthesia al arm w ndow, both
t he upper and the | ower peak anplitud fromat |east eight consecutive
wavefor-ns are sanpl ed, averaged, and nean val ues for the upper and | ower

" peaks are d mned ; ch S I4 dat iegn . nfyp alues _are used;
all eight 2§g§|rf?per .aJhJ bvver%;]liéi ncjotq{st%/%aji"hr ggsa‘fﬁr'p‘lleg%és{t ggguggfai ned
during the vadwe Wd-nmiunars Smmpinqdvherd odpeangonddltiionsci | | ati ons that nmay
otherwi se be identified as peaks can be elim nated by operator input of a
preset m ni rum aflauldie. the Thesatypaderand %wer(fggak anplritt-uges defi ne,

I n essence, -ah+ @Rl 0N thaledy i LAl 186 dﬁ&é@ﬁ@ésihﬁi?ﬁgg%ga[ﬂ?ﬁt‘“th the
patient's conpliance to positive pressure ventilation (I , as the
pati®nt bec&hes mHPEREEITHed | z6BecknPeaRsi dRTHPSERe ubasul been of 30 a
need to reegtaklindy al@rmihhr gshthdlfed drhige 8eNSEMBé - f A4 OBl envel ope

of decreasing anplitude (or size), It nmust be renenbered that e patient's

r espi r at or yMREEFs U3 )i SRl \F re e PERPTAST BRMPENERBEkoPES NivDr €
conpliant. briddie e Bl alfR Smddesior dﬁo( t];avelEéfaEﬁeE%hn%%% been

found to be an effective and desirable method for automaticall
r eest abl i shPhg SERESsERGULTAES FO3t PLRECRDAI’t 5P Rgavexrse S’Bﬂ'?@@%‘t@ devi ce

Sodib?_t pai r(*/esticsu'llea&sg_@ahéathn no/i,!clatzs;oahari%get 0?1!9@ dﬁ%ﬁaue@lfﬁ%p;tg a
reduction in envel ope size a safety consjderat.i an, e preferred device
will allow Mg iaui8sus i?ﬁdfg{zﬁr%}’%? t‘blﬂedmhﬁ?ﬂd: 5 agenagic

aut omat i cal kysednargimerdtiogheck anaesthesi a al arm wi ndow. The anmount by
whi ch autoscaling can vary E1 and E2 is fully adjustabl e between zero and
one hundredAperc@dilsufd modef ault value of fifty percent. It is

interesting to note that such 10 autoscaling frequently causes E1 and E2 to
no | onger be symiet fiaddlsaflsoutmosdet - payntb&SP, txiggeaedt cdwhinal arle wi ndow

sho in Fig. D.4. - el j S 1{%&;&{' above,
t hewgyst em %fo%q%ee'j %ée#ﬁgﬁﬁ 5 %%%?Eﬁlﬁa&c&a yﬁgghrrpAe%nsat e 4%%5[ eaks and
gai ns i n nogienvgradd thideftwesn dihe rBeindnnt reseppersemsorscorhol | er and

driver 47 .r@tsas';mﬂr@i@%ﬁuﬁ?{?a‘i’!tﬁ%ﬁtsie?;@e@ﬁyéﬁﬁ%és'i?’:"&efixfa‘hécﬂf‘c gpper

notor 33, the stegper notor-driver 47 1s a o and will so indicate when
20 pi ston 2Fhadnfe

Behned =M evich indenenAgnt LyicFens@rc RISTEWE | operate
swi tches 42 rdeadiosdd | QRe’ Icont BRdotiEl g9Riohb@rédi thyt horedifparat@set
funéhl on governed | "tllg control]er.6 ¥ for starj-up,, cent er.;rig,band reset.
Depéfidi ng ofM&aRF r'dset 4Qomund™ 2B25ERE Y6y SFditr EYntd R Rr W31 iP®. | when
an anonal ougetmridednwhenuiar €4 fferepiomni shhrent thrarpuwdesstentpislbpy air,
appropriate i on_w.l | be take hg, cqnt er . €, when

t he reset f&%c%ol ohsrgaﬁﬁggs?d?#a{hg%%g bgla%élédo%%'t h%&){%ﬁg\?ﬁé 30

control |l er &rznet| aliaxrmdedst idsswedolienotHevaformVvign r atdiibileg amdto its
normal ly cl { S: Ll cti : Ld I it . ape

eondi ti ~on; Qz}‘;sﬂ.\% ?ﬁd%‘éhgl.é’%pr 83%%12’@5?8% sa\é%oe\%h\eé?pspledri%%? ?o

conBbol | er @&aEuine vieanyal dnélatyiosaentrel seénthpe ldl’g5 LEhemi van by

[fgt(io:] 3i3na; dég%c%bto?gﬁbé SIS L RRLIT 1M Ag d96n HEIGaRRPEPPSLAL €,
J alarm,- comparator means "A" 40 will go to failsafe
mode, closing V1 and V2 in order to maintain the

pressure within the LMA cuff.

30 B. Normal System Control-

Fuzzy-controller operation is described by the
logic rules set forth below in Table 1. The first two
columns in Table 1 reflect the previous pressure and
the current pressure, each as compared to SP. As

35 noted in Fig. 3B, the delay time between the first and
second columns is one-half (%) second. The last



21 JUN 00'l 30 5 10 15 20 25 30 fresh air) via port 44. The nenory. ?UUNW@H
controller 60 will have retained fromthe system start-up procedur%

descri bed above, the nunber of pulses required to drive piston 27 to its or

m dposition (L/2). In normal nonitoring and regul atory operation of the
described system there will be IittRk€ call for great displacenents of
pi ston 27. But large displacenents can occur, for exanple, a |oss of )
moni t ored £aihan obnaitalky Be rafdedtlsy shegicattkand e thatt agtildi th t he i nf

| aced LMA (] 3 T HeS (! i _ v vy the syst cal l'ing
for conti nEggggégp}lyy}ygf sée?{lﬁeﬁr}l ggjdél/\ntéldozn gé)é?{édgg%g‘f)ﬁ??at ?‘gn%?i r
dependi ng wpsarweeritdoliayr 37 coRtcawse hdurimghnobrmal spetehib®l or LS2,

t her eby i ndi,cati i a e i_t:s vel : Such
- i { SRearSeaE e MOl oy PEeECRaey 500s o0 Soselty HEE”
conirol ci Evagel; commanchd ss&raitngnot eamsabdr dime crdionc endo nuimber

anaest heti gy agfl Ny for fgg' Lt l l;_dj spl ay of

t he messagz, ). CI—IECKSFEEEILEAK%I%g aﬁ%e M #‘ L?hgﬂbﬁé%ﬁ%l gsﬁoﬁ'gt%hlé@r eset

functi on oPressssol | BRaB0, & i sonductiesed B¥ovaheThefuBaye ldasar i pti on

hi ghl i ght s caR r34ddiltd 0pale RAVANT e ot E -%wi ' at it will,
as descri bgq, repl enj gﬁj%he_volyﬁl%eﬁo arr %\gcy |1ﬁ§'elr éJP% H%f‘

appr oxi mat fy oPeFatekomddeihnreh bys ai gapfbaadt I9f f&st eemt HAR ©Opical Iy
posgi bl e by manuAldORS atndneeCespihe 8pch favorable automatic recovery
time, the pressure adjustnments nade by the systemare sufficiently discrete
to allow pressure regul ation of thamald est LMA cuff w thout causing undue
pressure rebound within the small “volune. All such operations are

autonatic) as are ¢operabivar BENGRzR A iB dhrirslEepass and parcel of
assuring mai ntenance of set-point pressure, for as 21 JUN ~ 31 long as

t he circunfgtance LY 5
ht BV o | r enxui

that the p ( i ﬁd devi ce
and its nmefhod Bxessureiln be|sedrassumeeinchijegbmd 1016t aded (bj ect s,
aclbng as # EE¥ELIOR(tRfSevn]cuffelakienrvo ad a dewtestidmt wifl | rmonitor

for | RNt as a minit Ee%BfPRinbssiHl e pain stinulusfto the

patient's scul ar 10 sy¢q ile the patji i st.hetli zed for
t he course\§¥{ sur gi cal proceéﬁg¥¥hand as a ntnéfggsﬁggggg¥ézA_t a patient
from r emai fng—under—the—effegt—of—a—usetre—tehaxaht thirﬁeh+eing
adequat el y || MexdStmet i zed. | n gdHigkul ar: 15 1. |ThegHhemiumeeirs oforgt rol | ed by
a mcroprogessor uni~ which parforns all tasks | stépdi ngevieetsendt |imted
to, diagno téc checks, notor agg al ve operati gn_and c%gtrol, arjd pressure
measur enenf]. FA%& devi ce i ncl uc e%?ﬁ?aphic disJIB@wsﬁﬁ grbgﬁn'l unit as
wel | as an iy jco— Steps, IT=verse

20 Medium Medium Minimal number
of steps,

bi-directional

and correc|

Low Medium Low number of
steps, forward

Low Low High number of
steps,
forward

Medium Low High number of

steps, forward
— . — — —  — — ———— —— ___________________

C. Tvoical Waveform for an Anaesthetized Patient

25 FPig. 5 illustrates a respiratory waveform which -
the system of the invention has used both to regulate
pressure of the LMA cuff 19 and to monitor the LMA-
inflation pressure. The patient in this example is
under surgery and is being mechanically ventilated,



nonitoring and control thus permtting data evaluation with different 1 JUN 2002
commerci al software packages. 3. The device provides instantaneous va ? e@

of LMA-cuff pressure via redundant pressure sensors that 25 are

" pneumatically connected to the inflation_line of the LMA cuff. Potewafety
reasons, the pressure neasurenent is f{aken by redundant transducers, of

whi ch an automatic conparison is contlnuously perforned 30 4. The device

’ normal |y operates h < VQJJHE; | isphenapse of

set - poi nt p?egsur e&:‘léor t:tLatl\/]:lifi cu1IE i 3)1‘ l'ati onsfév%ere o%? ggc%lgarrgf i ng

measur enent Pe$ 1 EMASC Y &S Pres sREENg @ﬁﬁﬁﬂ%#ethrengbeﬁqﬂwau vabee causes

i ston dispjac i t o
D etant| o HESSLEY déeddeedn g dEokni L aNRI 0 A 0ot OLalle

pressure freanselaperat PTesSIRRV" 5. Tﬁégde§|§@9¥ﬁﬁﬁ)%h@aehabLVYconnected
to tde infl @f'@@éd@évf‘éé%faﬂie|iﬂ@e&éléﬂﬂzé%ﬁ§t$9 PSETL§ 2 PQE

LMA-patient Ly _stallation procedures, wthout rel % upon any o the

aut omat i ¢ f éRLOFBYabLOnEd RRPEe. LA Setortidifent®, (B gmtEAt iray be

"prepped” feRik hemenaé | OnwRY rBayi %dmeoé%naé&ahge%camt hat Nkl at ed
cuff, and conEIetE é checked tQ assure that jt has been Eroperly i nstall ed)
before the PatPeRf BRPEPXLMAESIyertHS Ve 6 s RRY rBEYPRE  oWhaCBheck val ve

to hold infiati m&@swfe tRéi Qrestph%aﬁaxeﬁ egrnect ben Hf vhaemaati ent and
the inflated-L for any reason, the systemis not

work® ng or F%aﬁﬁF F%Fﬂbﬁﬂd}ﬁﬂﬂﬁFl?%k systemwi || revert to a fail safe

node, with operational valves returning to their normally cl osed
cord' _tion, ther&by ha$ntkéen ngidaeverddit shatuf Suphessespiralory In its

nor mal reguk%uonam%%;h%%%weéamﬁ %é ﬁxe‘s&%o%eo&enth

(1/10) of a secon time to acconpli eva uat 1 on agal nst
set-poi nt pPEsSAPY Hﬁéll§§ﬁ§uﬁ?Qﬁe§fQ¢%uqﬁcﬁaeﬁlégsth§ ¥~ suél pi ston

di spl acenment gagoWihde AGHI L¥GuLRY '\%@ﬁéw@é‘&& SUE €1 SRYEXPEINAA oho
substantlally set poi nt ~ presSure. regul ati on occu, xS 1.f eval uation of

a ptessure SBRpPE é%@éé&ﬁ%F%ﬁr@ghBPB @Mﬁ&?WﬁOf(F%ﬁchﬂﬂ?@tﬂp@mhﬁ1

adj ust abl e ggt - poinghsuakue. 2BeB. |habghilcligert anlost 0 emytasi ze tipat nor mal

operation of the descriped LMA system.exhibits or advant s which flow
from the f aEPTPREESLAS /SR HoR KSHRLET aoFi rVEILI y2E| ded SFoeShe of air,

An i ncreasedelriaedsmsedE pressuch mhbﬂemldiry/ammﬁsndbwllaeewt of a

portion of the vaol of .air fronlt e LMA cuff apd i to t U deflned
bet ween t he“3"2 eJé%%ﬁﬁTfogrﬁ é&ca g tha Hed lgﬁ gﬁﬁﬁ W#gii and
t hi 80vol unetbkrei risn &h myemal&neapausnhe LehiA chéfRAgtuélbwgnaboon as

measur ed pr %%%\érl%ges (det exiad 1D e Ciﬁ)z@‘%.%se% ahd %rl—fﬂéﬁ'&‘iglf’fbet he same

vol une of air al ways true, exce due to a ak or to sone other
unexpect ed &wskhen he expkained ead o‘t’he &Rd ofhets seRkEION as Huch is

tracked by I@‘&%bts'c%rlci%t erc RPsEakr@NndRi RiAidedyat t By tihR1iiigPReF notor
control l er or .upon reaching of one of the limt
pain stimuli in Fig. 5. Fig. 5A provides an example
25 of the patient experiencing a pain stimulus, which the
system of the invention will detect and report via
alarm procedures that are the subject of discussion

below.

The graph of Fig. 5A is illustrative of competing

30 forces at play, once disturbed by reaction to a pain
stimulus of the character indicated. First of course,

one is reminded that the system of the invention will

have been in its normal "regulating" mode, doing what

it can, based on its repeated sampling (at 0.5-second

35 intervals) of measured pressure (e.g., Pl) in relation
to the set point SP and using this reading to



10 switches, at which point the piston will be repositioned, with ?11 g%
di scharge or an uptake of fresh air, as the occasion nmay dictate, !L ?
the LMA cu~f can retain its inflation pressure. 9. Once stabilized, the
described systemis 15 found to be sensitive to very snmall pressure
variations (in the order of 1/16-cm H20) and can be euick “and precise in
its response wthout contam nating the nonitoring function with tine
constant ordéystediesi s an@nsmeires. tie i spbepeevediXplddmench vésponse is
achi eved beca the desgri bed n r _and d-screw drive, in
conbi nat i onﬁﬁﬁﬁn /el regﬁﬂeat Pﬁ&%%@ ﬁg F%%@EOW?ﬁFﬁgFHSEWVFgaI ly
cl osed vol upeessuaer vaReJaitamrs ovhitdte fvYlowl dypalinsedimalluse ahdair
transl at es 5 verrent of i n_t.he_i ncreasing
in the d%g%ggél rﬁi&% n?r?entc%fq‘g% E?‘e i ?%ﬁi‘%ﬂi@éﬁoanﬂs MY aid to
the_.'-‘anaest hnetobegmattl‘mm tlmetbepaoﬂtyeaff de ssur Joed| mpcbandemeton a
patient, §r§8kdesééﬁ b%ﬂe%%to‘i@ p@é&é&é— Se&?%@h@%@t"‘ﬁﬁ@{‘éﬁ gperative
algorlthns rocess, inre crose o rea ime, the
anaest het i zedapureeint 'pgasauzt@ wdepl etnttze andeguiakhingi nweldent asy nuscul ar
synmpt oms  of l5 r 3 a a Vi a
sensitive rggggn?%l grrmscu ar aclfji on ogés]%é'ged g‘rcgg%dktﬁ%%%e?u (Ra:(ritm
Iaryngeal i ppemaandegrlat iognmede andhthReppaiicast’ SSnayp@pw@wrlnr 21 JUN
) 34 P gykeban de1 a4k fotcandibhy 300 WaHR | L3l &dhggat Bng
anaest hesi o?%gl st to et ect apt%rgog E éf pati ent amﬁenﬁg,gﬁi\ ood time to
"check anaeShRasiag ssndicionditas éﬂ%brréétllvefif@@sﬁhésmttw@m Spatient 5
awakeni ng. ABE-dRREdDeL SYelgss Sean 403k Nty eGRRAR )Of
adapti ng |tselfr to enh anceé-é ecl si on_of det egtl ng %eoss of deptge‘
anaest hesi afHtRepARfie Rt vﬂ@e%‘éﬁ?’é%«é the focus of its attention to a
predeterm ned margi n of saf ety in evaluating 10 observed fluctuations in
LMA-infl ati gn Prgssure. he mpnitoring function of the described system
may be usefdl in tding means to guard against a
circunstance in which the patient) who has been adm ni stered both an

anakBt hetic and &iEB separ dve FABCPR . r Anakbhe( ShpTTat RREUGIRIAS
vecuroni unm gikas eae enaed helds Gwarseqfvfe W & afE Fi tioh rﬁ@bﬂd‘d zed due

to the continuing effect _of. onl scI e rel axant. fSu;:h ci ymst ance has
been known BYEEEETIghISEUHH %t Fenet 98¢ ity to
reveal that ahlde patdaant alerexpesé eaeﬂara@dl-i’eﬁ:i@dzl tei‘aftgctdﬁfrl&qr 911151'

mani pul ations . The LMA nonitori t%/stem may be useful_ as uar d agai nst
such an eveMl55F vPewf SEhELhs eq TetPBf Bt 2Br A %% 2% el axant s
upogOphar yngexlieconstthetpat 2éntnises egivehi ah ke yWhanudfdmifculessari |y

contacts W gl ahidi bt 19 N OLiGh, TUSCLA 381 | ¥hLY o &L heter bave

observed that e cont racti on Curve o e pharyngea strictor muscles
i s unchanged¢udweniyg gnaesthepizatyteyedahesd beemm workih wRseleckel axant .

30 See, Eri GR3en.cifjudh - uhé;;é‘&{ii f)é" 1&%%&&@%@1&1@&?@@&&& Res t

and during Swall owmng in Partia paral yzed Humans; Anaest hesi ol ogy, V
87, No. 5, M6&v. b¢99171c01@<:4qu$ soﬁotC&i’lEFJEW%ﬁ%r unamazxg t abufihe heasn

ncrisori ng ad i, dedesh i ASufoRGesEQNa ol i essd | dafosyeigpeare
preferably in the context of LMA inflatiogn res onse the LNMA context is
nerely to the attending anaesthetist t the patient is
contracting muscles of his larynx and hypopharynx--a
phenomenon indicative of an incipient stage of the
patient’s awakening process--with potentially serious
30 consequences if the surgical procedure has not yet

been completed.

Although it is known that patients under the
effect of a general anaesthesia become insensitive to
pain stimulus, such sensitivity has been discovered to

35 be particularly active and observable at muscle
systems surrounding the laryngeél inlet and the



35 illustrative of use of a suitable inflated device within the pharyngeal
cavity to respond to and produce appropriate warning of the nuscle &&Lﬂﬂﬂ%l
in the region of inflated-nmaterial contact with one or nore regions 5 of
“nuscle action. 13. And it is also noted further that preferred nunerical

val ues stated herein as 4, 8, 32, etc.%§re only illustrative and that they
have been sel ected as power values of 2, in view of the preferred reliance

10 on digital,- e Lon. UN 200236 Y S aratus (10)
for automat ?}l‘ a C@ﬁ%n%go%?%é t hIet I%\%seikeol\éflguncotﬁ%t%nge\%sve#e § ent (13)
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has an i nst d 4 t e _ i (...19) Vi wa C t with at |east
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flexible tuptessune| aflonthantofél)imc@essiimid adeader bMAl ycof £1 HES pat i ent ;

th " S : : z ' q
(r 1 E b TR e s RO R B S e B T i ng o
el ectrical ocwmpciesi gnatemesponsipeacibicadlunt arowlcessqréssung i on
pressure as g.1angLioq 0fid Mg, &”thgg §§E1?' Caéoi@”}% €ipd bjg MEANS

( f Wth & ahea

i ncl uding a syringe having a cyl7 nder adapted for
det achabl e cam@ediEangnuzed) byo eprepandtarson'Bl ng87and" @" pBS8tore®@7) in the

cylinder to &giigg ansylizf ant i@l | Yot ag&tggltugq_a%f (?Plt ﬂed)cy ir within

the inflatable device, its inflation [ihe and the hea [inder, the
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value; and sudden reaction of the regulating function of the
described system, as the same is seen to occur in the
1s disturbed and irregular pattern of pressure excursions
in Fig. 5A, wherein bracketing and legend identify a
period of pain stimulus due to an event occurring
during a surgical procedure.

Fig. 7 displays empirical values of the varying

20 pressure fluctuations that were observed to occur as
the anaesthetist intentionally allowed the patient to
partially revive from the depths of anaesthesia, it

being understood that a chart similar to Fig. 7 was
available in real time on display 49 during the course

25 of the surgical procedure. The pressure changes are
displayed on the ordinate in cm H20, with the set-

point SP having been selected at 60-cm H20. Fig. 7
displays events that transpired toward the conclusion

of a surgical procedure in which the patient, “Patient

30 5", was anaesthetized with a continuous feed of

propofol, a common and popﬁlar anaesthetic.

Three specific time periods are recognizable in

Fig. 7, and each of these intervals corresponds to the
initiation of a variance in the amount of anaesthetic

35 administered to Patient 5. In the first of these
periods, beginning at time €8-minutes, the continuous
administration of propofol was stopped. And in an



(d) regulating nmeans including reversibly operable drive 5 nmeans 2é3}umm
di splacing the piston in the cylinder thereby to restore the pressure to
the reference value. 2. Apparatus according to claim1, wherein the
install ed device is a LMA device (12) which conprises an airway tube (14)
with a mask (16) and an 10 inflatabl @4cuff (19) at its distal end for
seal i ng engagenent around the patient's laryngeal inlet (21), with

comuni cat easutiag hengEtidat ' sf | thgs Nirsd hpeaiodayat shgndid damough t he

mask, the f.l exihle i.nfl_ati.Qn atpn nflarable cuff.
S 3. Apparé Eés?l %@%or r?g:tttlgr cel}}alnc‘r;nI gw%?%% Hﬂcgagﬂeigﬁ;&ﬂ%&; gggco a neans
(60) progr ameed itso r@@tdawy shsepakie ipptheandghionecondlaetad ey imts of

sensed airE re rqnﬁﬁd tfo provi de an out put warning of a detected
occurrence of & pressu‘re whi ch has traversed one of the limts. 20 4.

t
0 e8] 2y means. onSias S A& e Ee AR hubE1R iV GRS hng a
di spl ay of l@e:ns‘eﬁ’phﬁﬁ}atx org@isysiur e agdihest patmgnt s depth -~ 5.
Appar at us %%Fa AP el a4y WG Ec‘Jv%xtdéH? S)B%aééfméa;&}lﬂcé afffes a visual
out put whi ¢ I'sp span 0

ays for a predetermne € pressure
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inflation HessHEs mdhr W%&@H@u@ﬁ%é&%é&@r@/ Qe 1 E 3\)3“3 1to 5,
wherein the reversibly operable drive_neans conprises a notor coupl ed

for reversitf e"afg VB9t the %ﬁ’s‘é%‘éﬂﬁ}j@f-‘neéﬁ& et %@RM%lﬂ%r eaded to

the | ead SCtﬂféNp?é’\ﬂlék@d N | ppgt hadi mah&m&w@%&&ﬁ&@yed agai nst rotation
and connected for direct

During the second period marked in Fig. 7, the
15 beginning of which occurred at approximate time 72-
minutes, the anaesthetist restarts the administration
of proﬁofol. The third period in Fig. 7, starts at
approximate time 73-minutes, and identifies when the
administration of propofol was again stopped, and the
20 patient was allowed to fully awaken. Note that there
are no further readings after approximate time 82-
minutes, because the LMA was at that time removed from

the patient’'s laryngeal area.

The events displayed in PFig. 7 provide clear
25 evidence that the monitoring system of the invention
functions at a 1level of sensitivity pexrmitting
detection of muscular activity indicative of the
awakening sequence.
D.1 Automated Alarms

30 Two techniques recommended for automatic
interpretation of the anomaly described in Fig. 5A are
further described below. °~ These alarms can be

monitored by the anaesthetist for immediate or early
recognition of the pressure anomaly that has been

35 cbserved as a symptom caused by an early incipient
stage of the patient’s awakening process.



| ongi tudi nal di splacenent of the piston in the cylinder. 15 7. Apparatﬁi
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automatically compared to each pressure signal
fluctuation for determination of the anaesthesia-level
alarms, Al and A2. The attending anaesthetist is able
to individually select, i.e., to vary El and E2 via
moniteoring device 10. Al is an instantaneous-type
alarm, triggered whenever the respiration waveform
deviates above or below the "check anaesthesia" alarm
window that is framed by El1 and E2. The initial
warning alarm Al is triggered by any single deviation
from the "check anaesthesia" alarm window. The Al
alarm will be presented to the anaesthesioclogist in
audible form. Once thus warned, the anaesthetist is
alerted to make an immediate corrective response, as

by increasing the strength of the anaesthetic being
administered to the patient.

Alarm A2 is a rate-related alarm that is
determined (i) by a window-related value ET (explained
below) and (ii) a calculated mean (§) based on
successive samples of the detected waveform of varying
LMA-inflation pressure, wherein the samples are taken
for each successive 0.l-second sampling interval, and
are effectively integrated and stored as absolute
values in a word-summing array circuit, as shown in
Fig. 3; each of the absolute values is taken for its
samp]:ed magnitude with reference to a steady base
line, conveniently the set-point value, as shown in
Figs. 6A and 6B. If the mean value, i.e., the sum of
the most recent successive thirty-two integrated
samples, divided by 32 (61, PFig. 3A), exceeds the
value ET, as further explained below, the A2 alarm



the control means whereby to enable pressure regul ation of the irf{g3uNNe
devi ce and the second val ve having electrical connection to the control

means 15ywh&y8Ryg t 0 enabl e automatic discharge or induction of air in the
mai nt enance of a substantially constant shared collective volune of air
within the inflatable device and the cgki nder head. 11. Apparatus according
to claim 10, which includes air 20 increnenting neans to adnmt a

pr edet er mi nediglantissyeof anhentsai r"CHECK tAARFTHREER" , theo the

air-increnmentin ns .Gonprising.. . 1_JUN 'L 40 limt-swi tch neans
(LS2) produc%ﬁaggg%%l‘éggr ir%'ala s?gnafnggf‘oé s?gﬁgg}ds%ao‘naﬁl?@o riﬁm&(’:at i ve of
pi st on advanséghails .a fhedeneesithed igtoxi s tyerteby hBuxyhéndsliehead and

cor respondi gl opgibeady | | e 8laoL! ougblepigion

0 I l.. and_neans
i ncl uding a AT croprocessor™ responsrve 10 the S|gn§%sg¥g§8hseaspigyon 5
proxignty, thecreesimgodsssostbengghprafr aheedniaesgherdaerw{idht dasreturn
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fresh chargeqel; Aoy al Bubita. 4o £V HNder 5 30d Ll [dod gy gigack vate the

second solenqld val ve and enable conpar at or neans to reestabli'sh the
set-point vabué-of

10 1
ET = — | |EY1| + |E2]]| ,
k

wherein k is a selected value in the range 3 td 6 (and
preferably 4), it being explained that with k = 4, the
15 "divide-by-4" relationship establishes a preferred
practical safety factor by means of which the "CHECK
ANAESTHESIA" alarm is reliably issued even though the

instantaneous-type alarm Al may not have issued.

As shown in PFig. 3, at the conclusion of each
20 3.2-second sampling period, the oldest sample is
dischargecd and the latest sample is incorporated in
the new calculation of mean value for the next 32-
sample comparison to ET.

Thus, for example, the anomaly depicted in Pig.

25 5A, which is illustrative of a pain-stimulus event
cobserved in a surgical procedure, will be seen to give

rise to determinations which are major departdres from

the normal situation depicted in Pig. 5. If an

initial sample traverses one of the boundaries of the

30 alarm window, the first alarm Al will be triggered,
and the second alarm A2 may not immediately be
triggered. However, the integration and mean-value
development described above can result in a "“"CHECK-
ANAESTHESIA" alarm A2, even if a threshold-traverse

35 needed for the first alarm Al may not have occurred.
In addition to these two alarms, the anaesthesiologist

may monitor continued progression in the form of



pressure within the cylinder before reactivating the first 15 sol enoi 00
val ve and returning the conparator neans to its function of regulaﬂ A
.inflation pressure to its set point value. 12. Apparatus according to claim
10 or claim 11, which includes air 20 purging neans to purge a

predeterm ned quantity of air fromthe ylinder, t he air-purgi ng nmeans
.conprising: 2 1 JUN 2002 41 limt-switch neans (LS 1 ) producing an

el ectrical signal r.a. ed ndition iindi gatj of piston advance into
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capacity of tReddfirnadr angesthesdaorder of 20cc.
10 D.2. Display Features
The display 49 contains a window of time through
which the continuously warying signal, such.as that
shown in Figs. 5, 5A, 6B, 6D, and 7, will show the
latest single full minute of regulated pressure
15 variations, passing into the window at its left-hand
margin, and passing out of window viewability at the
righé-hand margin.
An additional method for displaying the results
of the above-described integration/summation process
20 (mean value) is shown in Fig. 1A and Fig. 1B, where
these two displays in the course of time indicate a
progression, from a deeper level of anaesthesia, shown
in the first example Fig. 1A, to an incipient level
approaching awakening, shown in the second example
25 Fig. 1B. The display preferably consists of a bar
chart that shows, as on a percent scale, the output of
the successively integrated function described above.
The initial value of this continually-updated display
is established for each individual patient, preferably
30 after the anaesthetized patient is positioned by the
surgeon on the operatiﬂg table, in readiness for
surgery. The parameter equivalent to a 100% display
reading will equate to the full value of ET, at which
point the "CHECK ANAESTHESIA" alarm will issue.

35 Also provided for utilization by anaesthetist
and/or other personnel studying a particular surgical

procedure is the ability to connect separate
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15 anaesthesia alarm window, both the upper and the lower

peak amplitudes from at least eight consecutive
waveforms are sampled, averaged, and mean values for
the upper and lower peaks are determined. Two checks
for validation of peak values are used; all eight

20 upper and lower limits that are sampled must be
obtained during the same two-minute sampling period,
and small oscillations that may otherwise be
identified as peaks can be eliminated by operator
input of a preset minimum amplitude.

25 These upper and lower peak amplitudes define, in
essence, an "envelope" that typically decreases in
accordance with the patient’s compliance to positive
pressure ventilation (IPPV), as the patient becomes
more anaesthetized. In considering the usefulness of

30 a need to reestablish alarm thresholds in the sense of
following an envelope of decreasing amplitude (or
size),. it must be remembered that the patient’s
respiratory pressure is commonly reduced as the
patient becomes more compliant. Limiting the alarm

35 thresholds (i.e., E1 and E2) has been found to be an
effective and desirable method for automatically
reestablishing the sensitivity of the monitoring
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be symmetrical about set -pocint SP, similar to the

alarm window shown in Fig. 6B.

D.4. Re-Centering Operation Svstem

As described above, the system of the invention

15 will automatically compensate for leaks and gains in
monitored inflation air. Because the stepper motor
controller and driver 47 maintain a count of direction
commands issued to the stepper motor 33, the stepper

motor ‘driver 47 is able to and will so indicate when

20 piston 27 has reached an end of its travel. Such
indication will operate switches 42 to position "1"

and trigger the initiation of a "reset" function
governed Dby the controller 60, for start-up,
centering, and reset. Depending on the reset command

25 sent by motor controller 47, i.e., when an anomalous
condition requires a replenishment or purge of piston

air, "appropriate action will be taken by the

controller 60. For example, when the reset function
requires that air be added to the system, the
30 controller 60 will (i) deactivate solenoid valve V1,

returning it to its normally <closed state;
(ii) activate solenoid valve V2 to an open condition;
and (iii) send appropriate signals to stepper motor
controller and driver 47, thereby causing piston 27 to
35 be driven by motor 33 at high speed to exhaust excess

"air" (or, where appropriate, taking in additional
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start-up prccedure described above, the number of

pulses required to drive piston 27 to its or
5 midposition (L/2).

In normal monitoring and regulatory operation of
the described system, there will be little call for
great displacements of piston 27. But large
displacements can occur, for example, a loss of

10 monitored inflation air may be caused by surgical-
knife contact with the inflated LMA ring 19. This
condition will be observed by the system, calling for
continued supply of either additional or reduced
inflation air depending upon whether lug 37 coacts

15 either with 1limit switch LS1 or LS2, thereby
indicating that piston 27 has reached the end of its
travel: Such limit-switch signal will cause: (i)

switches 42 to bypass the Fig. 3 control circuit; (ii)
the sending of an alerting notice to the anaesthetist,

20 as in- the form of an audible alarm, with wvisual
display of the message, "CHECK FOR LEARKS"; and (iii)
the triggering of the reset function of controller 60,
as is described above.

The above description highlights an additional

25 advantage of the automated device in that it will, as
described, replenish the volume of air in cylinder 26
within approximately 3.6 seconds, which is

significantly faster than typically possible by manual
operation. Despite such favorable automatic recovery

30 time, the pressure adjustments made by the system are
sufficiently discrete to allow pressure regulation of
the smallest LMA cuff without causing undue pressure
rebound within the small volume.

All such operations are automatic, as are the
35 warnings or alarms that are part and parcel of
assuring maintenance of set-point pressure, for as
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Conclusion

The described device and its method of use will
be seen to have achieved all stated objects, acting as
a controller of LMA-cuff pressure, as a device that
will monitor and correct for leaks, as a monitor of a
possible pain stimulus to the patient’s neuromuscular
system while the patient is anaesthetized for the
course of a surgical procedure, and as a monitor to
prevent a patient from remaining under the effect of
a muscle relaxant while not being adequately
anaesthetized. In particular:

1. The device is controlled by a microprocessoxr
unitz which performs all tasks including, but not
limited to, diagnostic checks, motor and valve

operation and control, and pressure measurement.

2. The device includes a graphic display and
control unit as well as an interface for advance
monitoring and control thus permitting data evaluation
with different commercial software packages.

3. The device provides instantaneous values of
LMA-cuff pressure via redundant pressure sensors that
are pneumatically connected to the inflation line of
the LMA cuff. For safety reasons, the pressure
measurement is taken by redundant transducers, of
which an automatic <omparison is continuously
performed.

a. The device normally operates with the same
volume of air, seeking maintenance of set-point
pressure for LMA-cuff inflation, wherein for each
sampling measurement of LMA-cuff pressure, departure
from set-point value causes piston displacement in the

direction to reduce to zero (or to substantially zero)
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installed, with inflated cuff, and completely checked
10 to assure that it has been properly installed, before
the patient enters the operating room, thus relying on
a check valve to hold inflation pressure, prior to

device-connection of the patient and the inflated-LMA
cufif.

15 6. If, for any reason, the system is not
working or is not working properly, the system will
revert‘to a fail safe mode, with operational valves
returning to their normally closed condition, thereby
maintaining LMA inflated-cuff pressure.

20 7. In its normal regulation mode, system-
pressure sampling is at every one-tenth (1/10) of a
second, with ample time to accomplish evaluation
against set-point pressure, and issuance of a train of
pulses is for such piston displacement as will achieve

25 a measured-pressure correction to substantially set-
point pressure. Normal regulation occurs 1if
evaluation of a pressure sample exceeds a threshold

value of 3 0.5-cm H20 from an adjustable set-point
value.

30 8. It is important to emphasize that normal
operat{on of the described LMA system exhibits major
advantages which flow from the fact that the system
works with a wvirtually closed volume of air. An
increase of measured pressure will rapidly cause

35 displacement of a portion of the volume of air from
the LMA cuff and into the volume defined between the
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have decreased. This sharing of the same volume of
S air is always true, except when, due to a leak or to
some other unexpected event, the piston reaches the
end of its travel, as such is tracked by position-
counter operation maintained within the stepper motor
controller or upon reaching of one of the limit
10 switches, at which point the piston will be
repositioned, with an air discharge or an uptake of
fresh air, as the occasion may dictate, all while the
LMA cuff can retain its ingiation pressure. —

9. OCnce stabilized, the described system is

15 found to be sensitive to very small pressure
variations (in the order of 1/16-cm H20) and can be

quick and precise in its response without
contaminating the monitoring function with time
constant or hysteresis transients. It is believed

20 that such response is achieved because of the
described stepping motor and lead-screw drive, in
combination with normal regulating displacements

within the virtually closed volume of air. Reliance

on the virtually closed volume of air translates into

25 involvement of only one time <constant in the

increasing or in the decreasing of intra-cuff pressure
in the LMA.

10: As an aid to the anaesthesiologist and in

the course of a surgical procedure on a patient, the

30 described system permits. several concurrently
operative algorithms to process, in real time or in

close to real time, the anaesthetized patient’s
initial, incipient and totally involuntary muscular
symptoms of arousal from induced sleep and/or

35 paralyzed state, via sensitive response to muscular
action observed around the patient’s laryngeal inlet

and/or at contact with the patient’s hypopharynx.
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precision of detecting loss of depth of anaesthesia as

it progressively narrows the focus of its attention to

a predetermined margin of safety in evaluating

10 observed fluctuations in LMA-inflation pressure.

11. The monitoring function of the described
system may be useful in detecting and providing means
to guard against a circumggénce in which the paEient,
who has been administered both an anaesthetic and a

15 separate muscle relaxant (e.g., atracurim oxr
vecuronium), has the anaesthetic wear off while
remaining immobilized due to the continuing effect of
only the muscle relaxant. Such circumstance has been
known to be highly unpleasant due to the patient’s

20 inability to reveal that the patient is experiencing
the full effect of surgical manipulations. The LMA
monitoring system may be useful as a guard against
such an event, in view of the more limited effect of
some muscle relaxants upon pharyngeal constrictor

25 muscles, which the LMA cuff 19 necessarily contacts
with its ability to monitor for muscle activity.
Others have observed that the contraction curve of the
pharyngeal constrictor muscles is unchanged during
partial paralysis caused by a common muscle relaxant.

30 See, Ericsson, et al., Functional Assessment of the
Pharynx at Rest and during Swallowing in Partially
paraly;ed Humans; Anaesthesiology, V 87, No. 5, Nov.
1s897.

12. It is noted further that although the

35 menitoring and other detecting functions of the
described system are preferably in the context of LMA
inflation response, the LMA context is merely



F1096& () - Yf 1096& () - 9%409%%& ()- 10PUPU 10PUPU

10PUPU! COF1$109°UPU& () - mopqr swU3uV4! 8° #10965& ()- 0! B #10965& ()- 0! A

#10965& ()-0!' B #10965& ()-0!8° #10955& () -0l

T #10965&' ()-0SXt Yt Zt[tet gt5u7vb@8 1 Y#10% | & ()-! Y#10% | & ()-y - --
109%4] & () - &Y10%}| & () - 105105105 #10 %gg ()- 07vxvwx

yz{WU3b@ m *9%40% | & ()-x! **%40% | & () *R! Z A@10% | & ()- ' YA@10% | & () -

i ;8:%&&%?; 4| &I %)J._‘g E \z{:l ]i% | &I () éN{{:’rI{{é{{;m@arg a0 A-i%ll(a)t_eé device
104 : 10%4|&W@ﬁhkhath%i@%hr&hgkai{b§n2%§~t@9mebm&nﬁ*&e%&nﬁ)pk&d&ce

Sg;ﬁzHF& ()éé§§o§¢g%éi$%é§h1%ggqu%% PSS LfoRREion in the region
10HH ~ 9, ) * 10FHER EQ)atled -MaretOioAl (Jon ZAS% ) W1EREOES - bF Mdp+e0¥&gipns) " <M m |
¢ s of muscle action.

13. And it is also noted further that preferred
numerical values stated herein as 4, 8, 32, etc. are
only illustrative and that they have been selected as
power values of 2, in view of the preferred reliance

10 on digital-system operation.
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5 patient, wherein the patient has an installed inflatable device (19) having wall
contact with at least a portion of the patient’s pharynx, and wherein the
inflatable device has a flexible tubular inflation line (11) accessible externally
of the patient; the apparatus comprising:
(a) sensing means including a pressure transducer (P1, P2)
10 detachably connectable to the inflation line for
producing an electrical output signal responsive to
instantaneous sensed inflation pressure as a function of
time during the surgical procedure;
(b) means including a syringe having a cylinder (26) with a
15 head adapted for detachable connection (11°) to the
) inflation line and a piston (27) in the cylinder to define
a substantially constant volume of inflation air within
the inflatable device, its inflation line and the head of
the cylinder, the piston being displaceable relative to
20 the cylinder to change the proportion of the volume of

air between the inflatable device and the head of the

cylinder;
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LMA device (12) which comprises an airway tube (14) with a mask (16) and an

10 inflatable cuff (19) at its distal end for sealing engagement around the patient’s
laryngeal inlet (21), with communication to the patient’s lungs via the airway

tube and through the mask, the flexible inflation line communicating with the

inflatable cuff.

15 3. Apparatus according to claim 2, which includes microprocessor
) means (60) programmed to establish separate upper and lower tolerable limits
of sensed air-pressure and to provide an output waming of a detected

occurrence of a pressure which has traversed one of the limits.

20 4, Apparatus according to any one of claims 1 to 3, further
comprising display means operably connected to the sensing means for

establishing a display of sensed inflation pressure against time.



10% & ()- 910% & ()- &10% & ()- 10*10*5Qr|[: A410* yS)10% & ()-

gZ#S#10% & ()-( T110% & ()- Ch’ @HLO% & ()-- O@¥10% & ()--

( 109%/FV& () - PORSb| 0bU410 &10% & () - F10' 10! g.O' :10% & ()-b " *(10WR & (3
I *(10% & ()-i Yh*(109% & ()-ibeQ [:bWs18® $ > @10% & ()-S,
@109\ Z& ()-S, | @10% & ()-S, ‘@10%&' ()-S, “10%& ()-

10% & ()-j|[:-410* ** 6Fs9' 109 ** & ()- v 8 @10%*j & ()-S, ~

= @L09R*R& ()-S, F " @10%*: & ()-S, | @10%*{& ()-S, 3

A @L10% *' & ()-S,] ChA410* ** 6 3WL0% & ()- (109 ()-S (10% & ()-S |
109 & ()- ' 10% & ()-10* *Appsatus *acChSi@EDIq [ciodhl @F vilierein Lthg)diGolg rhdan

L*g) 109 & ()-° 8L*g)10%" q& ()-" / y#10% & ()- 8 y#10% & () -

Uy #10% & ()-|]v |\ 109 1ox &10%
A S ORI 11‘61?1%(8&%% %%? )&w fp&t (\%mﬁvﬁiﬁ%ﬁsé%@ ﬁ‘rgﬁ}%e*&gg&@ s/?Jan oftifnle” th¥

G FOd0%*& ()- nFY%0%*& ()- S10% +*..& ()- Th' sl - #10%* {5&

K sl - #10%++* &' () PFFPSHre #i@@f‘ﬁ’g\e@id’ “362&@fﬂ‘&a‘%)co(’%\@'giylmsimig xne to the
FOd0% +*i & ()- h FOd0%*& ()- n FUL0%*& ()- ~ FULOUCH C& ()- 0358;

>A| [:cV5105  *qibef Bmft) of th@span uf &inge,-with 1g4&rdnt -and nahug&ngly- observed

JUN 2002

pressures at the one limit, and the predetermined upper and lower tolerable
limits as separate horizontal lines above and below the display of sensed

) inflation pressure,

10 6. Apparatus according to any one of claims 1 to 5, wherein the
reversibly operable drive means comprises a motor (33) coupled for reversible
drive of a lead-screw (34), and nut means (34") threaded to the lead screw and
being longitudinally guided and keyed against rotation and connected for direct

longitudinal displacement of the piston in the cylinder.

15
) 7. Apparatus according to any one of claims 1 to 5, wherein the
reversibly operable drive means comprises a digitally controlled stepping
motor (33) and wherein the pressure-responsive output is in the form of a first
digital signal the reference value is in the form of a second digital signal and
20 the comparator means includes a microprocessor programmed to supply digital

signals for operation of the motor.
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10
10.  Apparatus according to claim 9, wherein each valve is a
normally closed solenoid valve, the first valve having electrical connection to
the control means whereby to enable pressure regulation of the inflatable
device and the second valve having electrical connection to the control means
15 whereby to enable automatic discharge or induction of air in the maintenance
‘ of a substantially constant shared collective volume of air within the inflatable

device and the cylinder head.

11.  Apparatus according to claim 10, which includes air-
20 incrementing means to admit a predetermined quantity of ambient air into the

cylinder, the air-incrementing means comprising:
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F & 10% 8( - & ()coRditipp:ibdigave of piston advance into a predetermined proximity to the
cylinder head and corresponding to a head limit of allowable piston travel; and
means including a microprocessor responsive to the signal of sensed piston
5 proximity, the microprocessor being programmed in a manner
@) to return the first solenoid valve (V1) to its normally
closed condition;
\ (ii) to actuate the second solenoid valve (V2) to open
condition and then operating the drive means for a
10 predetermined reverse stroke, thereby inducing a fresh
charge of ambient air into the cylinder; and
(111) to deactivate the second solenoid valve and enable the
comparator means to reestablish the set-point value of
pressure within the cylinder before reactivating the first
15 solenoid valve and returning the comparator means to
/ its function of regulating inflation pressure to its set-

point value.

12.  Apparatus according to claim 10 or claim 11, which includes air-
20 purging means to purge a predetermined quantity of air from the cylinder, the

air-purging means comprising:
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FX y) peD @ to return the first solenoid valve (V1) to its normally
closed condition;
1 (1) to actuate the second solenoid valve (V2) to open
condition and then operating the drive means for a
10 predetermined forward stroke thereby inducing a
predetermined purge of air out of the cylinder; and
(1ii) deactivating the second solenoid valve and enabling the
comparator means to reestablish the set-point value of
pressure within the cylinder before reactivating the first
15 solenoid valve and returning the comparator means to

) its function of regulating inflation pressure to its set-

point value.

13.  Apparatus according to any one of claims 1 to 12, wherein

20 displacement-volumetric capacity of the cylinder is in the order of 20cc.
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A method for monitoring the level of unconsciy%
patient in the course of a surgical procedure on the patient;Wherein the patient

has an installed inflatable device

aving wall contact with at least a

portion of the s pharynx, using apparatus according to any one of

5 claims 1 to 13.



