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NVimbs of a breatning ciroull PRI e system 0
communi GHneralhhddthHdR is often administered to individuals as surgical procedures
20  arc being performed. Typically, an individual who is subject to general anesthesia is
“hooked up” to a ventilator by way of a breathing circuit. One or more sensors may
~ communicate with the breathing circuit to facilitate monitoring of the individual’s
. respiration, the anesthesia, and, possibly, the individual’s blood gases and blood flow..
One or more anesthetic agents are typically administered to the individual through the
25  breathing circuit.

Examples of breathing circuits that are used while anesthesia is being
administered to a patient include circular breathing circuits, which are also referred to.
in thé art as “circle systems,” and Mapleson or Bain type breathing circuits, which are
also referred to herein as Bain systems for the sake of simplicity.

30 Circle systems are typically used with adult patients. The éxpiratory and
inspiratory limbs of a breathing circuit of a circle system communicate with one
another, with a carbon dioxide remover, such as a soda lime can, being disposed

therebetween. As the expiratory and inspiratory limbs communicate with one another,
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Reversal or discontinuation of the general anesthetic state requires that levels of
the anesthetic agent in the brain decrease below the fhreshold level, or that the
anesthetic agent be removed from the individual’s brain. |

It has long been known that activated charcoal and other substances can be used

to selectively adsorb gaseous anesthetic agents. Accordingly, activated charcoal has



enabling patients to protect their own airway sooner

Reversal or discontinuation of the general anesthetic
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25  carbon dioxide (CO;) in blood of the individual (P.COy). When P,COs levels are
decreased, the brain is less likely to signal the lungs to breathe on their own and the
patient remains dependent on the ventilation from an artificial respirator. See U.S.
Patent 5,320,093, issued to Reamer (hereinafter “Raemer”). Additionally, the reduced
P,CO; levels that result from hyperventilation are known to causé a corresponding
30  reduction in the rate at which blood flows through the brain, which actually decreases
the rate at which the blood can carry anesthetic agents away from the brain.
and other technigues

Rebreathing processes, in which an individual “rebreathes” previously exhaled,

COg-rich air, have been used to prevent significant decreases in P,CO, levels during
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i ndi vi dual recovers fromrdanes
The present invention includes methods and apparatus for accelerating the rate

- at which an individual recovers from general anesthesia, or for reversing the effects of
anesthetic agents. These methods and apparatus maintain or increase the rate at which
blood flows through the individual’s brain, increase the individual’s rate of respiration

| and respiratory volume, and prevent the individual from reinhaling previously exhaled
anesthetic agents.

A method according to the present invention includes increasing the rate at
which the individual inhales or the volume of gases inhaled by the individual, which
may be effected with a ventilator, or respirator, while causing the individual to at least

periodically breathe gases including an elevated fraction of CO,, This may be effected
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25 , BRIEF DESCRIPTION OF DRAWINGS

In the drawings, which illustrate various aspects of exemplary embodiments of

. the present invention:
FIG. 1 is a schematic representation of an example of an anesthesia reversal
system écéording to the present invention, including at least a portion of a breathing
. '30 circuit, an element for increasing a concentration of carbon dioxide inhaled by a subject
' that is recovering from anesthesia, and an anesthesia filter and Y-connector positioned

along the breathing circuit;



15 inhal ed by the individual. The rebreathing or other
CO2 | evel -el evati ng conponent of the apparatus
facilitates an increase in the rate of ventilation of
the individual, while CO2 levels in blood of the
i ndi vidual (i.e., P,CQ2) remain normal or elevated.
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BEST MODE(S) FOR CARRYING OUT THE INVENTION
With reference to the FIG. 1, an anesthesia reversal system 10 according to the
~ present invention, which may be positioned along a portion of a breathing circuit 50,
30  between an individual Iand a Y connector 60, and inc]udesra filter 20 and a rebreathing
component 30. An inspiratory limb 52 and an expiratory limb 54 may be coupled to Y
connector 60 and, thus, to breathing circuit 50. Notably, the inspiratory and expiratory

limbs of some breathing circuits are coaxial. Nonetheless, the junction between the



the anesthesia filter includes a vol une-adjustable

dead space to effect rebreathing; FIGs. 6A and 6B are
schemati ¢ depictions of yet another enbodi nent of 15

anest hesi a reversal system of the present invention,
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- Anesthesia filter member 28 may comprise any type of filter which is known to

selectively adsorb one or more types of anesthetic agents. By way of example and not

‘to limit the scope of the present invention, anesthesia filter member 28 may comprise

25  an activated charcoal, or activated carbon, filter, a crystalline silica molecular sieve, a
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- 30  gases that have been exhaled by individual I. If filter member 28 comprises a

particulate material, such as activated charcoal or crystalline silica, the particulate

material may be contained by a porous membet, a screen, or the like.
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apparatus, may. be used in anesthesia reversal system 10 as rebreathing element 30.

It is also within the scope of the present invention to-include another-element, - oo

* such as a respiratory flow sensor or gas sampling port 40a therefor, or a capnometer or

~ gas sampling port 40b therefor, as known in the art, at any position along an anesthesia
reversal system 10 according to the present invention (e.g., close to individual I,
‘between filter 20 and rebreathing element 30, close to Y connector 60, etc.). For
example, when gas sampling ports 40a, 40b are used, they may be of conventional

configuration (e.g., for facilitaiing gas sampling at a rate of about 50 ml/min to about
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an i nspipiat a1g¢piels Miher afibédinlehndl dnésthbda kdversal system 10™, in which
filter 20" is configured to provide a dead space volume 30" in which at least some
carbon dioxide rich gases are collected as individual I exhales. As shown, dead space
volume 30" is located on the distal side of anesthesia filter membef 28, such t_hat the
exhaled gases that have collected therein are filtered as they flow therein and, later, as
* they are drawn therefrom (e.g., as individual 1 (FIG. 1) subsequently inhales).
Yet another embodiment of anesthesia reversal system 10"" that incorporates
teachings of the present invention is pictured in FIG. 5. Anesthesia reversal
system.10"" is much like anesthesia reversal system 10", which are shown in and

described with reference to FIG. 4. The primary difference between anesthesia reversal
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In FIG. 7, a circle system 70 is illustrated. Circle system 70, which includes an

- interconnected (e.g., in the configuration of a circle, or loop) inspiratory limb 52’ and

expiratory limb 54'. Inspiratory limb 52’ and expiratory limb 54’ are coupledtoa Y
connector 60 which, in turn, is coupled to a breathing circuit 50'. Breathing circuit 50’

is configured to interface with an individual I (FIG. 1) in a known manner (e.g., by

- intubation, with a mask, with a nasal cannula, etc.). Circle system also includes at least

“ two one-way valves 72 and 74, which are positioned across inspiratory limb 52’ and

expiratory limb 54', respectively, at opposite sides of Y connector 60. One way

valves 72 and 74 restrict the flow of gases throngh circle system 70 to a single |



described with reference to FIG 4. The prinmary

dlfference bet ween anest hesia reversal _10- system

10"" and anesthesia reversal system 10"' is that the

dead space volunme 30"" of anesthesia reversal system

10"", which is at least partially defied by body 22""

of filter 20"", is adjustable, for exanple, by

enlarglng or redu0|ng t he ampunt 1bf space occupied by

bod

R L A
or diintr32’ sid id prevert iediwidtal IAominbaheg gaks dirertlyifvem expiratory
pictured in FIG. 6A and 6B, an anesthesia reversal

Sys 0" of the present invention may include one

or nore

"nspi rat gi} ﬂ%to%%ﬂﬁxg ﬂ@_of c1rc1egﬁ_\,ss'g%l('ﬂéJ ?ﬁr?‘g?g}r?ls& %‘?Iﬁ%bt%ﬂe gas 1nlet 75, such
Pr ows glpora thas Edoflithiey ebypliigze dn mdlesqaalchva:rm s]y$tan 300 a mechamcal :
circuit. In this enbgdlman. nS|raI linb.,5

andVeuPAteR Ob 7 Preathipe Bas,or viiigh <§\I"”lr #h Emﬂ’é’galem ex?ema] to
SPagfele Syl 7W¥ IEH Bperdhy ﬁ)o§§ a pat;élﬁ roBASh & HeEKEL, etc ) to flow

al ong each shunt“I'i ne” 56" to selectively direct the

T othenzﬁn i AR pxpmatoarﬂememp]& ad:hgaagn emratmg' spii valve offa known type is
~ basel i ne athing, as.depict n FlG t he
CwoPeh Bl0E R i AR ALY bsed

10POSi i ONARRIGhWRX @gﬁs’mgﬁlﬁﬁ% ,54mmmﬁﬁm%ry Bt SCHE G n&yata location

the 15 shaded area, W ll enter the expiratory ['inb
54" Wwhich iodictel refasiviedo Y ¢anaeeior @bmchmﬁivngml hbyp |0@11an dipxide removal

Lgr%q%qtﬁg g;g}%s éloﬁy aggggctclagls gn% g;f'lg/lva vcg? pre\’rents exhaled gases

I NS@itdrHaGhdp &aw@ 1§£b 52, maléia&nafnbasaé oyt dadebte@fthrough exfplratory limb 54'.
expiratory I| . and shunt line 56""', alT

m. aﬂd, demnéa@g apod dmcgﬁmg of bipessobis Hpprsdtiongg alseg expiratory
|
#; ng B? SH:?}' 1I) ?%%12?{1) %ﬂs(% I%IIW&]%?&IH&H %)? p‘@'ﬂg.:ﬁ %{ﬁ"g?sythe amount |

one or nmor € of 1 nsp

| l rﬁfcﬁﬂaon dioedepresdriy sudhrdasds4” "',  and shunt I i ne
56""'. Turning now to FIGs use, o

anest heshdditienadlys gircle 9@@&7@@&1{9@@@'@ ?,s(ﬂ%gsg}ﬂ?agersal system 10. As ‘
| nvgath oeﬂlektﬂesqg pRjeRal ﬁg&rﬂvgéz&méﬁ» éadﬁmﬁﬁaﬁw 8§ 'v@ay of bypass

dellvery systens I's s 7, aclirc
Sy stabm 7B)with eixpiraiety Binbd4’ @i mml!@sysgcsi 'éﬁrami)xs pmmtlohed in parallel to

Pl B R ot S TS P
- EXRYifiA Ofrdle Hﬁ&n% degr iR gbﬁ%ﬂfeiﬁhel: bﬁfﬁbt%%plrﬁ‘t%i%' elcme%tgti causes

expli'ratory led to a Y connéctor
whieghgled gasbmtcru;emasn wathpl @@mer]ahmbe‘idf mdvgpasi whether bypass valve 78

" Breat hl.t?o%egl rcuit
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addition, when a mechanical ventilator is coupled to gas inlet 75, the volume of dead

25  space within circle system 70 depends upon the proximity of the gas inlet 75 to a

- 30

: junctioh 80 of anesthesia reversal system 10 with inspiratory limb 52",

If expiratory element 76 is at least partially closed, depending upon the
positioning of bypass valve 78, at least some of the gases that have been exhaled by
individual I and which are flowing through expiratory limb 54' may be diverted from
carbon dioxide removal element 77 into anesthesia reversal system 10. If bypass
valve 78 is adjustable to more than two positions, exhaled gases may be directed into
both anesthesia reversal system 10 and carbon dioxide removal element 77. Thus, it

may be possible to carefully regulate the amounts of exhaled gases that are directed into
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25 ~ While FIGs. 2 through 8 illustrate various systems that are useful for providing

30-

a dead space volume from which an individual I may rebreathe as individual I is being
withdrawn from anesthesia, any other method, apparatus, or system that induces
~ rebreathing of carbon dioxide in a mechanical breathing circuit for the purpose of
reversing the affects of anesthesia on an individual is also within the scope of the
present invention. _
Turning now to FIG. 9, an anesthesia reversal system 110 that includes a carbon
dioxide infusion element 130 rather than a rebreathing component is depicted. As

illustrated, carbon dioxide infusion element 130 communicates with a breathing
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ThekebreaHian FIearet L PISTHORRAclaseidp 5 Somteios §0¢ on e case of

n hé‘i §[g %ﬁréc%@éxhr sJstehy £ I(§f9l)t fig oﬁﬁﬁﬁ ®f £48bn &loRide infusion

i'nh e gases n wi thin breathing
ci reeamnent330 retatve anthst dfddica lﬁ@mensblvaMyst em 10) wil|

be preV| exhal ed, s. 10 As c

oystem 78 Grag sraceds £ g 2om SLind S8 At Shicikig plement 30)
1520 Ihﬁlj#bé/ h@juskd by aﬁaﬁeéﬂfetﬁ%%@@lwa@ﬂfe@egi@@d PSuRie Y 8idSIpYce therein

exhaled, carbon”di oxide rich gases, an anesthesia

1 evierosddr tg mlemq@bmﬁhm& Fon seamnple, whe theldead spacevelume is at least

o B AR sl B R Bl v R B ustea by

‘th %xtdnﬂﬁ@di%ﬁﬁr@c&:rﬁg&ﬂ@]‘ﬂn@ﬁsof@ﬁe d‘ch'ﬁl gattd iAbi@geMs another example,
i.nvention is depicted. Bain system 90 includes a

| i rigkan adixegtwalwge of fdeadi passys plesentpos GVeR{Witing splugeadpstable dead
0I oé@%c%dth%ta c{ﬁ‘ﬁ% Sg%rﬁé%dﬁgldg r\lﬁﬁltﬂb Qlec% éi:'etmagpbe taﬁ'&g? By adjusting

gas i I'S con ure nmuni ca
Wi tthe Bow fl éfbdhesiagesd &icl ud&tg/reeydéciegasifﬁc!m afhiclabarbyndioxide has been

- type, a nechanical ventilator, a breathin , or.the _
enwmevmie AW hesy therdlo o gireshi E#ses {5dPRRT Gign t%fogﬂ%ios Fividual I's

B s
r ev er salOmy ahesthekih 1tehafsa1cspstmnri|0dms bsevpodditidmeddh bommunication with
25  abreathing circuit or anesthesia delivery system, gases that are exhaled by individual I
- pass into and through filter 20, which removes at least some anesthetic agents from the
exhaled gases. At least a portion of the volume of the filtered, exhaled gases enters and
at temporarily remains within the dead space (e.g., rebreathing element 30). Also, by
reducing levels of anesthetic agents in gases that are exhaled by individual I, filter 20
30  may effectively reduce levels of anesthetic agents that escape into the environment
(e.g., the operating room, recovery room, atmosphere, etc.) when individual I exhales.

When individual 1 inhales, at least a portion of the inhaled gases are drawn from

~ the dead space (e.g., from rebreathing element 30), with any other gases being drawn



circuit 50". Anesthesia reversal system 10 is
- preferably positioned proximate to patient interface
92 so as to optimze the amount of anesthesia renoved
fromthe exhal ed gases and, thus, mnimze the anount
of anesthetic agent rebreathed by an individual | as
the affects of the anesthesia are being reversed. 25
Wiile FIGs. 2 through 8 illustratld-various systens :
t ha Gt VOHR
-frotr%ro\% ﬂﬁé?r'ry%lﬁépf iglao%ﬂugéé}g;n eb?ggtgﬁ%gas i ndi vi ldcﬁtglwmla
_|- i svehgiang. Asithdidihaled ghsarradesntibsiugh berthing biecuit, they pass through

t hod, apparatus, or systemthat induces rebr
of filiep 39, Whess alisast ﬁogre&%g}?arﬁrn@g}mgﬁgéﬁﬁpﬁ @gqﬂtsr @Ege{n a1¢ removed

for tl{: Sl mﬁ)lﬁ?fm gﬁéﬂﬁgxats Sefb f\eeﬁ:%ﬁi oBfconcentrations of oxygen (>
- anesthésia on an’in ual 1s also wthi ¥ the scope
of  1906) 36 weds dhus |1ﬂ&renmlabIma5r tebnéatlgs thewame ghd GanPtimenand still be
anest hesi-a reversal system 110 that i ncludes a carbon
di oxpiisigndy @xvgFaidenent 130 rather. than a rebreat hing |
conponent, ; i
PO S s oo
- 13-th63gh@d§,hmha1&5 Oy the IﬁatiehewerbaﬁEﬂﬁu&iyl eshdlab Mdll]reeh@mthw portion of

system 110 i's_al so positi oned e du
150 22556 8% HERSE RS qSﬁ@ rlr/reereerﬂgr ﬁ%ts ff i fé stpgsia. "This is
ed S
G D e O 0450 O, e

t he taﬂnahtathingqneeetsh@ss aISD Ivaithin thewicope ofithafyvegaem sThe manner in

T cOPBRTER B FPPUGAIAY CAVAERC PE A 2 PRAfRe fepired affecs,

Fl Gwhg g?dxﬁ&lﬁu%ﬂaﬁﬂﬁﬁtlhﬁﬁ]ﬁ ﬁxfﬁ@\éﬁf S8lgefiyst em 110  shown
~in an escribed wth reference to FIG 9 may be used

| n a sinmaf apummw)sensoaﬁe@nmym&l(bﬁﬂ@ 53 ang§ibetimgapononitor Of a.

8™ Sehig B RRbrr-tn BT i bR & s fbobbicor he

: ( e. QentllétB%stivﬁﬁlﬁl ﬁSA 167,spﬁfﬁd)r§ﬂovd dendd? and monitor 212 may also
currently preferred that filter 20 be positioned

pr ok¢ weddo mpnitariheiflayapf reﬂéﬂﬂ!1Otﬂh)itmle@BP’e‘atGﬁSr@ﬂcenﬁaﬂons may be

I
ety B SRR SO0 10 GRS Bl oo, o
t hesslier itdup csfflog:labbetmtsd lem)glthh& clonfnmmmnes witle gmsenﬂcﬁ‘&nd

relative to that of filter 120 i irrelevant, A d

205 p awenite 240, and flovpgense aﬂddpoalr% 23%4 2oy, the art fe carbon
reb
UBEP DB PSR A0, 5 RSB AR ey . i rech
sp a@rﬁieﬁli‘aiﬂee]enelsl adjestdients lmnyftmanhdd tatthe dwnlrs@atdfﬁmigme Fog., within

exang atﬁhu\ll\gf1 glgmtegteBO egd ? n%g gf 1¥: reag;%dl gséséist to &e concentration of oxygen

or carbon dioxide in the other inhaled gases, or to any combination of the foregoing.

- 25-  Such adjustment may be made automatically, such as by processing element 220,
which, of course, operates under control of appropriate programming and
commljni_cates with one or more of a ventilator, valves (e.g., bypass valve 78 (FIG. 7))

~ of the anesthesia reversal system 10. AItemativeiy, adjustment of the dead space may
‘be effected semiautomatically, such as in accordance with instructions provided by a
30 processing element, or manually.
| By combining a filter 20 and an element for increasing the amount of carbon
dioxide inhaled by individual I (e.g., with a rebreathing element 30 or carbon dioxide

infusion element 130) in an anesthesia reversal apparatus of the present invention,




partially | ocated within corrugated tubing, the dead

space vol une may be adjusted by extending or

contracting the length of the corrugated tubing. As

anot her exanple, when a fixed volunme of dead space is

present, or even with a vol une-adjustabl e dead 20

space, the anmount of carbon di oxiee within the dead

space may be tail ored by adjustlng the fl ow of

" f r geitilatgasefan individudl hopay be jsresdedwhile nwintainingmormal to high P,CO;

car bon dl een t he, .1 ow, of

0 e kb P ere e TR oYt S i e gt at which
's anééﬂféhb |aaéﬂt§fha& 1ekéRavddl fidin Fhe BIARLS b tletdasddendR@En improves

space may occur ce anesthesia reversal system 10

hastlsgetle 3o vdidh ansstticiinagenisrainreaaaveddrom the blog and, thus, exhaled by
reathlgg ierUIt or anesthesia -delivery system gases
hatPd¥igual dhal ed by individual | pass into and

through fgnkiteshudPof thD UERHPREPYRSIRY HefB® Fock9é¥On the reversal of

anesthetic agents fromthe exhaled gases. At |east a

por génerel ahesthrsiay il shoelddke appreciaiadithatdle appanetheendyasibads of the

enters t te il hi.n_t he dea

cpae e enton ETRERT iy ey ABR G lets e g} Wiy 3 Bhated anesthesi,
r eOWBERSE draMoe bischOh ABE Bl RBeti€ af8ROESvel Iocaieff tndshiRtic affect.
exhal ed by individual |, filter 20 30 may effectively

10 educe | Altbpashohe feregeing dessringen cantaing magy cpgséfigspthgse should not be

the_envir 0 v,
oot RTRRl e G Bope bh e REEA AR By EFR S bovidng
Wheillutidions @fledmé of the @Ir@anﬂ}aprefemﬂtenaooﬁaﬁmm nSmhlaﬂBI.eother

i nhal ed gases are drawn fron1the dead s ace

f r crbastiments B Hiy iBvekoRmayde dexised wanch cg%fg frgm the spirit or
'be' sr?:ﬁgcgf) re]sént 15(/%0& S lrel %%I@Hfffe?ém feﬁﬁ%ﬁn&%%be employed
rat o at ‘communi cat e

', 15v e nhlcbﬁﬂaﬁrratzoAS Thh ecopehd ledngasieon 1sa,rtherdfoawnnd1hateuhgdd limited only by

bre th|ng circuit, ey s throu
e Alagh 0o kPR S STt bl Ao aSE
t h%fe@%rgnﬁﬁle ﬁ[l?ﬁ@ﬂﬁ&ls Hé]@t'i(ﬁlfs AR ERIYs 1d Me iRhtion as disclosed

anest hesi a systems, very high concentrations of oxygen
(> Iﬁreﬁm%hxdrfell weidn tRmeanin gwdidecapapf the etyms etgrie e lmbraced
. the, s e gas many tines and still be sufficiently
(0)4 It is currently preferred that partia
rebreath|ng processes (i.e., only a portion of the
gases i nhaled by the patient were previously exhal ed,
while the other portion of gases are "fresh") be used
in reversing the effects of inhaled anesthesia. This
is 10 because individual | requires sonme oxygen during
‘the reversal. O course, the use of total rebreathing
processes is also within the scope of the invention.
The: manner in which rebreathing is effected may be
varied or controlled to provide the desired affects,
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whil e providing individual | wth sufficient oxygen.

O course, a gas sensor and nonitor 210 (e.g., an

anesthetic gas nonitor of a. 15 known type) that

nmeasur es car bon di oxi de or oxygen may be used to

nmonitor the ventilatory gases of individual I. A

respiratory flow sensor and noniftor 212 may al so be

used to nonitor the flow of ventilation of individua

I. Gas concentrations may be determ ned by a

processi ng el enent 220 (e.g. CIAIMEPUt er processor or

controller, a. smaller group of logic circuits, etc.)

th&ﬂﬁﬁéﬁgﬂﬁﬁﬁéﬁes with gas sensor and 20 nonitor 210

and fl ow sensor and nonitor 212, as known-in the art.

If the carbon dioxide or oxygen |levels (e.g., blood

gas confient, Ame:;ap:hm‘ms donyfadilitating emergehce f & @ibfdet from inhaled

undes r abl eveI djustnents may be nmade to the
g@e?\?ﬁ‘\ , within rebreathing el enent

30)nea1‘i’§ fo¥ Qbd1BR; fa Jo%@érﬁ?ahlaﬁ ds Qr?e%ﬁz%tic E%erﬁshiﬁ blood leavmg the lungs

concentration o or carbon xide 1n

ot her i hmﬁhﬂ@ﬂlngalstwhe bilalrt o thegulgembi nati on of t he

;8{1%%]%{ 1in g gc%%singﬁ Oﬁ)%gi g}u %&?ﬁ{ﬁ}{bogﬁ% Fiiget s9ggprising means for

whi ch,  edusfRURSSubj@PRS RbRSHEMSH0&BNERled¥fO,; and
appropriate programmng and comrunicates with one or

noFeags fop presprtingdhopubjeca fipasinpaling anephetisagentsl ve 78
(FIG 7)) of the anesthesia reversal system 10.
Alternatively, adjustnent of the dead space nmay be

ef f ect efl. semAaubparatus ¢or fhyilitasiug km@feehte ALLRLIROGBMWnhiTed
instructions provided by a 30 processing el enent, or

naﬁﬁﬁﬂp?a‘%9“65ﬁ¥F$bhg a filter 20 and an el ement for

I NG kﬁ TRMA otdi oxi de inhal ed by

|ndFv ua ¢ ?n@ EUQngﬁée eaihlng el enment 30 or

canigams ok oauSdlg the mfb,uent oninbhlegesds id@0)ing At lamst amesmdsphem: amount

reversal tu of the prese i nvent

venti| abf SROGt dioxide Rembridin imeﬁnﬁq%y Cﬂlémgntb? @&g%ca tmbreélthe
nHIntalﬁﬁﬁﬁmﬂgQﬂﬁmeaQ[nlgﬂlPaCIE | evel s, which

mai ntai ns or increases blood flow | evel s and, thus,

t huepag for prevemtingtthe abdest fioui imhaliranssthetic dpentsenoved

fromthe brain as the increased ventilation inproves

the rate at which anesthetic agents arerenoved from

the bl ood and, thus, exhaled by 5 individual I. Wile

much of 3t he dbsapnapaticort ghaioy] dedaine?.evireréio dussmsarsriot frsing the
reye rs o) ener al it should . .
Tl BB R e L RISt athodpr apsing the subjectto
pr amamtam dPeenk infiktued Kith 8 exiel chMdentr@¥ &Y § AbohBoal.ect s

of any type of inhal ed anesthesi a,



whet her or not such inhal ed anesthetic agents have a
general anesthetic effect. 10 Although the foregoing
description contains many specifics, these should not

be construed as limting the scope of the present
invention, but nmerely as providing illustrations of

some of the presently preferred7enbodi nents.

Simlarly, other enbodinents of the invention may be
devi sed which do not depart fromthe spirit or scope

of the preselhe dgpatitis MtlaimeRér g 1, varersth teaneis for causing
enbodi nents nmay be enpl oyed 15 in conbination. The

S CEAFRPIEHES fsans ey adiustoie 4 Yolump of bie previoushusdatedgasgsd
limted only by the appended clains and their |ega
equi val ents, rather than by the foregoing

descri pf.i on. T dppackdid ofaddm 4 eetdinthe nd¥is for adjusting comprises
nndifi%gtions to the,invegtion,as di scl osed herein

> whiERNSHQT PeRREiRg & PR REARS PigVigRly sxbled gaset ifeeseans: agotume with
ar Ghich tREmEARIBL Efsink BB icates6: CLAI M5 What is

clainmed is: 1. An apparatus for facilitating energence
of a subject frominhaled 5 anesthesia, characterized

by: nmeaps for, decreasi a concentr,ation .of anesthetic,
agent s ?‘n bl t%%aﬁp@ﬁ?%%ﬂ@ } O gﬁﬁ“"(?"&meﬁ&e‘i‘rﬁt gr causing

t hgorhradef nRhnd (0 aGuBinRCon anhRAP 81 dabor d16%i@A S 18 el \39kly exhaled
fl ow'through the brain of the subject conprising nmeans

10 f ogaseausi ng the subject to rebreathe previously
exhal ed CO2; and 10 nmeans for preventing the subject
frominhaling anesthetic agents. 2. An apparatus for
facilitati ngTesappgenetofaiaim 6 wWiefii tHerradink fvaddpgting comprises
anest hesia, characterized by: nmeans for increasin
veernspr isaying ¢rebay $pede fonm prrtipr of e peeiieushyetited gases.
subject to inhale gases including at |east an
at nospheri c amount of carbon di oxi de conpri sing neans

15 f or cau8i ng Theaggubijtecst danr £ wheadihthe meaey fausljysting comprises

exhal ed. CO2; and ans for. _preventing the subject from
R s a}"ﬁ@\gg@ﬁ% frogfeases rifen g@ﬁ@ﬁa’flﬁswﬁrh the means for
cl &udind Bhnflnddafes2, wherein the neans for causing the

subj ect to rebreathe previously exhal ed CO2 conprises

means for causing the subject to
9. The apparatus of claim 1 or claim 2, wherein the means for causing
20  comprises means for causing the subject to inhale air or a gas mixture which is

substantially free of anesthetic agents.

10.  The apparatus of claim 1 or claim 2, wherein the means for preventing
comprises means for removing at least some anesthetic agents from the previously

25  exhaled gases.

11.  The apparatus of claim 10, wherein the means for removing comprises
means for removing substantially all anesthetic agents from the previously exhaled
gases.

30
12.  The apparatus of claim 10, wherein the means for removing comprises

means for filiering the previously exhaled gases.




inhale air or a gas mxture with a fixed concentration
of carbon dioxide. -17- 4. The apparatus of claim1l or
claim 2, wherein the neans for causing conprises neans
for adjusting a volume of the previously exhal ed
gases. 5. The apparatus of claim4, wherein the nmeans
for adjusting conprises 5 neand8for pernitting a
portion of the previously exhal ed gases to escape a
volume with which the nmeans for causi ng communi cat es.
6. The apparatus of claim1 or claim2, wherein the
- means for causing conprises neans for adjusting an
~anmount b} calBoaPrarans Hfelaim k orelaipedfothrpomphsingd 10
g - LAl in the neans
7 o e, thr prE EneBRRAC Bl Bon Shi MeaotRBhS 0 Car bon
di oxi de froma portion of the previously exhaled
gases. 5 S. The paratus of claim4, wherein the .
3 means f &t adf*USHERfOE BRPIGINESMAESIISC PhR Sehiskt diom infgled anesthesia,
fl QWrdcddeBe@%yf resh gases into a volunme with which the
nmeans f or cgusing communi cates. 9. The apparat us of
cl afilterifooat lehshipartia]ly wherenmarteheste fins fases cdakidroy th@fubject; and

conpry ses ans for_ causi the subject to jnhale air .
or® KO IS oH P HAE SORCRSOr i Be 3 iy Lo plle Ggoes including an
anest hejidve3@eRhBamddt off 0O, BRPEANINGS rebr@kHThd c@hponent for
claim 2, wherein the neans for preventi n%.a conpri ses

SR

10 neans f eausingribe subjechto inbals vt lsanipreviest ledggeast s
fromthe previously 25 exhal ed gases. 11. The
apparatus of claim 10, wherein the neans for renoving

conpri ses nEBOSystedi of @y ifaviendis tanebbihingddmponent is
anest hetic agents fromthe previously exhal ed ases.

30copgigumaddo santhe srPics toonbalpptlgast wae eraviqusly erbaled gases that
f o e \éh%(’&%ifﬁ%ﬁ means for filtering the
e

previ ously ex gases. -18- 13. The apparatus of
I5claiml1 or claim2, further conprising: neans for

prevent 189 ! lf‘ﬁe g)lfls%n? 8} cl];i%? orc aaﬁlrrll ?g, va?etr‘ilz}g %’?enrsébreathing component

is configured to facilitate partial rebreathing by the subject.

17.  The system of claim 14 or claim 15, wherein the rebreathing component

20  is configured to facilitate total rebreathing by the subject.

18.  The system of claim 14 or claim 15, wherein the rebreathing component
comprises a length of conduit positioned between a Y-piece of a breathing circuit and
the filter.

25
19. The system of claim 18, wherein at least a portion of the length of

conduit is volume-adjustable.

20.  The system of claim 14 or claim 15, wherein the rebreathing component
30  comprises a length of conduit including two ends, each of the two ends in flow

communication with the filter,




5 14. A systemfor facilitating emergence of a subject
frominhal ed anesthesia, characterized by: a filter
for at least partially renoving anesthesia from gases
exhal ed by the subject; and a COQ2 |evel-elevating
conmponent for causing the subject to inhale gases

i ncluding an above-normal amouddt of CO2 and
conprising a rebreathing conponent for 10 causing the
subject to inhale at |east previously exhal ed gases.

15. The2byst €t Ofsted 6f dRilft20,WiRE@h Bt Teh® a RRIBAMhOBngth of
component |s confﬁgured to cause the subject to

i nfndeitas velumsadgsiatlopr evi ousl y exhal ed gases t hat

have passed through the filter. 15 16. The system of

claim 14 or claim 15, wherein the rebreathing

conponed?. | fhe:wsfeingoﬁcéﬁim b4 dclhini 15 tvehepan tﬂeabbreathmg component

rebreathing b ubj ect temof claim
5 or CUTBHSTP 8eaHaroT A1k & Hib A DA P S EURTANIARSI oo § distal side

copfd ﬂue@éﬁeﬁl&nfo@melﬂﬁeah%n{mte@hbje&bf eathl ng by the
subject. 18. The systemof clarm 14 or claim 15,

wherei n the rebreathing corrponent conprises a length

of conduyjt p it ned n.a Y- e.of a breathin

ci r cui thu%\nd ?I%YS i ?fe?ki fﬂleref’ﬂgl ‘f? ¢ 8hAcH O %degned at
18],eayb|]ﬁftﬂﬁ|§rb§{thé@@§rt a portion of the length of

conduit is volume-adjustable. 20. The system of cl al m

10 14 or claim 15, wherein the rebreathing conponent

conpri S?vvo eng Fénf{)f a9 Pndiji Rvﬂe?ecin '(ﬂ:gd %Qzﬁse% fglnie 1 conﬁgured to

of the ormuni ca on W

fibé adjusted.9- 21. The system of claim 20, wherein at

| east a portion of the length of conduit is

vol une- adj ust abl e. 22. The systemof claim 14 or claim

15, whesein @P@% I{i}hg SP&E g]tWhe?EBl{; Pr{g}%l%gtﬁlr?g component

dead space volu thi the ter
15Ioocan1anbeon a distal side of afllter el enent of the

filter romthe 23. . The of claim22,
wh® B o oS bl pu i toey BB an spitory 1478 of
breathing circuit along which the filter is positioned; and

a valve positioned along the shunt line for controlling a flow of gases therethrough.

20 26.  The system of claim 14 or claim 15, wherein the rebreathing component

comprises at least a section of a circle system along which the filter is positioned.
27.  The system of claim 26, further comprising:
a valve for selectively directing at least some exhaled gases into or out of at least one of

25 the rebreathing component and the filter.

28.  The system of claim 14 or claim 15, further comprising:

one of a circle system and a Bain system with which at least the filter communicates.

30 29.  The system of claim 28, further comprising;




10

15

20

25

30

| east partially by the body. 10 24. The system of

claim 22, wherein the dead space volune is configured

to be adjusted. 25. The system of claim 14 or claim

15, wherein the rebreathing conponent 15 conprises: a
shunt |ine positioned between an inspiratory |inb and

an expiratory linb of a breattf0ag circuit al ong which

the filter is positioned; and a val ve positioned al ong

the shunt Iine for controlling a flow of gases

t hewealvb fauglectiddy abectihet kustsome@ihabdpabed ol the LREIsystem or
15, wherein the rebreathing conponent conprises at

| east athsddain system tosthe ifilter er foy syteblishing sgmmpinggatipn detween the CO;,
filter Heﬁrepaéx'réthg%&‘ﬁgog%ﬁt ar @ he YRl TheRhn o %&iﬁ@g tem,
further conprisifg: valve ftor selectively dire ?lng

at | east sone exhal ed gases into or out of at | east

one of 5t rebr eat hi ng. conponent and the filter.
28. The3 yst Eﬁ? Sfstep 8% g L pr elpigy |9, feherqip fheqgpreathing component

CORRpicadn afehetth b@ea@ﬂiﬁg bRcRYwiE N RAY offe BRI N System
with which at least the Tilter communicates. 30 29.

The rgmevabln @fbanl digxid@8Jsofertdndr conpri si ng: -20- a

valye for selectively directin | east. so exhal ed

28 DEssf b He s fehRvith doiciiing e whet nebypass o
filter eirbb@fioRRicaRdrEd JTEhCAIREMBIIS Blch@ihdsionren the

CO2 |evel-elevating conponent and the circle system

or the Bain system 5 30. The systemof claim 14 or

clalm 15, Wngheld e LA SR\ NAG, SRS on SOTBY K G Roduce

an anes Ci T Cul

a leasmenlel gasasakbaead Byt subjeatingys the fijtebdido @stBYRMSSmmunication
copduit and, val ve associated therewith for causing . |

ex ReiMvesn il lewelslsyatiag gompenenbinddhe snesthesia bepaipg sircuit.
the anesthesia breathing circuit. 10 31. The system of

clai m 30, wherein the valve is configured to introduce

at | ea82. soifbe g@sms obolhiat &4 obylaink &5 suiirren thd GO ldvbkelevating

filter or to, estahlish. co ni cati on between the CO2
I e%%rpp‘éqeé‘bﬁ’ﬂuﬁﬁs fbg%aﬂf@ﬁf’@ﬁ&wpﬁe anest hesi a breat hi ng
circuit.

33.  The system of claim 14 or claim 15, wherein the filter is configured to

substantially remove anesthesia from the gases inhaled by the subject.

34.  The system of claim 33, wherein the filter is configured to reduce levels

of anesthesia that escape into the environment.

35.  The system of claim 14 or claim 15, wherein the filter includes an

adsorbent for at least a portion of the inhaled anesthesia.

36.  The system of claim 14 or claim 15, wherein the filter comprises at least
one of activated charcoal, crystalline silica, a lipid absorber, and a condensation

generating element.




15 32. The systemof claim 14 or claim15, wherein the
CO2 | evel -el evating conponent includes a CO2 infusion
el enent. 33. The systemof claim 14 or claim15,
wherein the filter is configured to substantially
renmove anesthesia fromthe gases inhaled by the
subject. 20 34. The system of ¢laim 33, wherein the
filter is configured to reduce levels of anesthesia
that escape into the environnment. 35. The system of

clai m 1370r CThakysehbof viaei 4 6r &lben 15, vitekeih A flgeio8dnot
25 adsorbent for at |east a portion ‘of the inhal ed

ané strstiplly redyce appmeupd obah least enewiganbpnglioxfiapnd aggen in the
:ﬁg@ # nprises at |east one of
?vatéémghgicogﬁjggrystalI|ne silica, alipid

absorber and a condensati on generatlng el enent .

-21- 37 The stem o CJa|n11 re|n
the fil P&r d SYsgRm gﬁﬁb‘élt‘%h% PLFlR ﬂé&%@éﬂ%@%ﬁ%@]ﬁ% figggher
at chiasted0end Shexl g8 e
gages exehal e%l b‘gl hlg(%s%ﬂbj ectéil %ng%az%r%%ﬁ%fg%g%qo
claim 14 or claim 15, wherein the filter is further

configured to renove pat hogens from gases inhal ed by
t he subject.




