APPARATUS AND TECHNIQUES FOR REDUCING THE EFFECTS OF
GENERAL ANESTHETICS 5 TECHNICAL FIELD The present invention

relates generally to apparatus and techniques for reversing the effects of
inhaled general anesthetics. More particularly, the present invention relates

to use of ventilation and rebreathing apparatus and, optionally, respiratory
monitoring ARFARATUS ANTUTEGCHNIQUBSE RO RED (00BVE T I E FFECIES
10 of inhaled general anesthédEGBXERKARANIDSYVHEAMER| anesthesia is
often administered to subjects as surgical procedures are being performed.
Typically, a subject who is subject to general anesthesia is "hooked 15 up" to

a Ventilator by way of a breathing clieGiNdréloFHibEe sensors may
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andl MapiakdadageRrim appehisathing circuits, which are also referred to

herein as Bain systems for the sake of simplicity. Circle systems are typically
used with adult patients. The expiratory and 25 inspiratory limbs of a

breathing circuit of a circle system ccﬁr%(rgmgﬁg h one another, with a
carbon dioxidecnernoaestisisehi asfesadiaiiimerearn, aejagstispasedl procedures are
therebgtween. As th iratory and inspiratory.limbs communicate with gne
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systems include linear tubes through which both inspiratory and expirator
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them. @rs A%J#éas thq fresh gas flow is higher than the flow of the patient's
1on

ventila re s little or no rebreathing. 1

20 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 the 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.

Circle systems are typically used with adult patients. The expiratory and

25  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,
a circle system will typically include two or more sets of one-way valves to prevent a
patient from rebreathing just-expired, CO,-rich gases.

30 Bain systems are typically used with smaller patients (e.g., children). Bain
systems include linear tubes through which both inspiratory and expiratory gases flow.
Fresh gases are typically directed toward a patient interface to remove the just-expired
gases therefrom before the patient can rebreathe them. As long as the fresh gas flow is

higher than the flow of the patient’s ventilation, there is little or no rebreathing.
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When a general anesthesia is administered to a subject, respiratory or

inhaled anesthetics are delivered to a patient in low concentrations, typically
being diluted to a concentration of about 1% to about 6%, depending on the
type of anesthetic agent used. As the subject inhales a general anesthetic
agent, the anesthetic agent is carried into the 5 lungs, where it enters the
bloodstream,ven¢his @awigiching tiblioadnitnisasiotis atheyjdaodyspiggussoGiteged
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decrease below the threshold level, or that the anesthe ic agent be removed
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adsorbers are typically placed’in the exhaust flow of the anesthesia delivery
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It has long been known that activated charcoal and other substances can be used
25  to selectively adsorb gaseous anesthetic agents. Accordingly, activated charcoal has
found conventional use in adsorbers, such as that described in U.S. Patent 5,471,979,
issued to Psaros et al., that prevents anesthetic agents from escaping the breathing
circuit and entering the operating room. In this regard, activated charcoal adsorbers are
typically placed in the exhaust flow of the anesthesia delivery system. The potentially
30 deleterious effects of exhaust anesthetic gases into the operating room are thereby
avoided. Further, as most halocarbon anesthetics are considered to be atmospheric

pollutants, the charcoals or other adsorbents of conventional anesthetic agent adsorbers



2 prevent pollution that may be caused if gaseous anesthetic agents were
otherwise released into the environment. U.S. Patent 5,094,235, issued to
Westenskow et al. (hereinafter "Westenskow"), describes the use of
activated charcoal to hasten the removal of gaseous anesthetic 5 agents
from breathing circuits. While such a technique would be useful for
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agents from the subject's lungs. However, hyperventilation typically results in
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When & slexdenelsiata deaeanards heebrainiig IRsolikebiie sigmabddedings

to breatrtlee EQtltchéalermct)gvn an? the ﬁ) ent rema@s élo dep@1 d% tqaete an
ventilaﬁo Ffom tafyc% resplra or ee at%nt % g ISSUeé
Raem@re(heilain@ttené'Rfaemlmﬁ)mAddmohallymthesceU@wd@mﬁlmt@magent
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the rate at which blood flows through the brain, which actua IEl/g‘decreasest
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same. Consequently; the patient also rebreathes the previously 30 exhaled

afesthéanslgahenwisi cREHsn/BRMBRIHES I thEe iiriessSsF léve Ritsgtthd 20,093,
generglaRgstesimer (hereinafter “Raemer”). Additionally, the reduced P,CO; levels that

result from hyperventilation are known to cause a corresponding 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.

25 Rebreathing processes, in which a subject “rebreathes” previously exhaled,
CO,-rich air, have been used to prevent significant decreases in P,CO, levels during
such hyperventilation. The apparatus that have been conventionally used to effect such
processes, however, do not filter anesthetic agent from the exhaled air before the
subject rebreathes the same. Consequently, the patient also rebreathes the previously

30  exhaled anesthetic agent, which effectively prolongs the process of reversing the
general anesthesia.

The computerized system described in Raemer was designed to overcome

purported deficiencies with hyperventilation and rebreathing. The system of Raemer
3



The computerized system described in Raemer was designed to overcome
purported deficiencies with hyperventilation and rebreathing. The system of
Raemer 3 infuses CO2 from an external source into the breathing circuit

and, thus, into the subject's lungs (i.e., the CO2 is not rebreathed by the
subject) as general anesthesia is being reversed to speed the rate of
reversatfand, clusroacovenyrahtbeusithject icosreiiten g einarabhanastiesio. thhe
teachings. of Raemer. with respect to infusion of CO2 from an 5 external .
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brain to reverse the effects thereof. 15 DISCLOSURE OF INVENTION The

préserft HRUSALAAEILERS ARStHSEE-and apparatus for accelerating the rate
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according to the present invention includes increasing the rate at which the
subject inhales or the volume of gases inhaled by the subject while causing

25 the subject to at least perigoisaiiyoierthemasesN™osing an elevated

fraction of CQ2 This may be effected haying or causing the subject to
ebreathe ot IS S SF pe Oad AR AT s e KR grg e
by othetwisehncndasingthecamoungok@OResthgases thatearestoghbeinfiededdf
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some of the previously exhaled anesthetic agent or agents
20  blood flows through the subject’s brain, increase the subject’s rate of respiration and

respiratory volume, and prevent the subject from re-inhaling previously exhaled
anesthetic agents.
A method according to the present invention includes increasing the rate at
which the subject inhales or the volume of gases inhaled by the subject while causing
25  the subject to at least periodically breathe gases including an elevated fraction of CO,.
This may be effected by having or causing the subject to rebreathe at least some of the
gases that the subject has already exhaled or by otherwise increasing the amount of CO,
in gases that are to be inhaled by the subject. The rebreathed gases are filtered to at
least partially remove some of the previously exhaled anesthetic agent or agents
30  therefrom. Itis currently preferred that substantially all anesthetic agents be removed
from the exhaled gases prior to rebreathing thereof.
An apparatus that incorporates teachings of the present invention is configured

to facilitate breathing by a subject at a rapid (i.e., above-normal) rate, while
4



30 therefrom. It is currently preferred that substantially all anesthetic agents

be removed from the exhaled gases prior to rebreathing thereof. An
apparatus that incorporates teachings of the present invention is configured

to facilitate breathing by a subject at a rapid (i.e., above-normal) rate, while 4
maintaining CO2levels in the subject's blood, thereby at least maintaining the
rate atmainiahile oo flrwg dthandstivjectgihbibedstHejestsidiear nfaithidng the rate at
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configured to increase the levels of CO2 inhaled by the subject. The
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will become apparent to those of ordinary skill in the art through
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concentratlon of carbon oxide inhaled by a subject that is recovering from
anesthesia, and an anesthesia filter and Y-connector positioned along the

breathing circuit; FIGs. |A griHB SERertqaly desratewsiiations of the
anesthesia r%vers I %?n ?1 Hf)\g\{p |nVFIJ&(;)uéLaSFIG‘%ﬂZg f;é:%e;nng?tlca n%o%ts of

an exemplary'em ia rev Wh'in
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FIG. 1 is a schematic representation of an example of an anesthesia reversal
20  system according to the present invention, including at least a portion of a breathing
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;
FIGs. 1A and 1B schematically illustrate variations of the anesthesia reversal
25  system shown in FIG. 1;
FIG. 2 schematically depicts an exemplary embodiment of the anesthesia
reversal system shown in FIG. 1, which includes a rebreathing tube positioned along a
breathing circuit, between the anesthesia filter and the Y-connector, which are also
positioned along the breathing circuit;
30 FIG. 3 is a cross-sectional representation of another exemplary embodiment of
the anesthesia reversal system of FIG. 1, in which a rebreathing tube extends from and

back to the anesthesia filter housing;



breathing circuit, between the anesthesia filter and the Y-connector, which

are also positioned along the breathing circuit; 30 FIG. 3 is a cross-sectional
representation of another exemplary embodiment of the anesthesia reversal
system of FIG. 1, in which a rebreathing tube extends from and back to the
anesthesia filter housing; 5 FIG. 4 is a cross-sectional representation of
another embetiment ofranesitiasial kpveksaisystenmofhthie phesendinvenitomesia

in which the anesthe filter thereof includes, an additional d space ...
ol e AR B ARE o inctuces
representadoroof siitdsnatherlambodinhencoffieareddtheisiat mebeaashingystem

that incorporgigs (8aghings QLIRGRIESRUARYSAIIINMAIRR Hhs.angsthasia

filter includes a volume-adjustable deadspace to effect rebreathing; FIGs. 6
throug APBEBIESHERYSEELIY TSR NIRIRGBES KAChBISS QhBthBresst dayratpn. in which
emboditeant tianasibesialueser sal systal]us GO PESIIeh e SWHtEcOfcyad @il
selectively cppioling fltiaian gfrespinalony gases; 10,L1C: . sehematicaly, rary
illustrates, in cross-section, an exempfar)}’ EMBoaiment 6f anedthadia
reversainbpsiarentidiairesibetes ravarsdisy RE@s c8panth 8 B savidckchientetitor selectively

depictig&ﬁrgﬁ%%tfﬁggﬁlaﬁro?;ggggimj}g%ggs;anesthesia reversal system of the

present invention, in which one or more conduits and valves are positioned
bébtween inspifatofy AREEIGH AN HiHSs THEPBYAFRIP D bFtREPSy embodiment of

Y-conngetaisifteveR Schammaticalycagpicisiise of an anesthesia reversal

system accordi g %thg géesentinventi nalonl%a onvemﬂonal ircular
. . an (< .TFhe{na 1C depictl of_yet apother embo 1m?nt of
system; FIG. 10 schematically illustrates uSe of an anesthesia reversa

syste m@th@i@myﬂ Hyvmioﬁtheimeaeoomx@ntiomah mh;ymemr,nambgm:luits and
FIG. 1%&1'15{/(% §Mﬁgﬁe@éﬁ&%ﬂtﬂﬂ ﬂa%r%%‘h@@?{)h%fo%mm %@%Igflch off of the

anesthesia reversal system of the type shown in FIG. 1, in which the element
thit increR8BE ¥ Eoncentration of carbon dioxide inhaled by the subject

comprises a sarboRAK eI USHEIRIESSIAIRENISSI RAGBIE S kB according to
numbethe, including numb rs;receded b&/ 25 additional digits or followed by

primes orpéfﬁ%r}tsuf/rﬁ% g,aré)ﬁ eas%orﬁvgﬂ%l aar1§ EhéhidStHAt may have the same

or similar chdrictéfistiognatically illustrates use of an anesthesia reversal system of the
present invention with a conventional Bain system; and

20 FIG. 11 is a schematic representation of yet another embodiment of anesthesia
reversal system of the type shown in FIG. 1, in which the element that increases a
concentration of carbon dioxide inhaled by the subject comprises a carbon dioxide
infuser.
Unless otherwise indicated, like numbers, including numbers preceded by

25  additional digits or followed by primes or other symbols, represent similar elements

that may have the same or similar characteristics.

BEST MODE(S) FOR CARRYING OUT THE INVENTION
With reference to FIG. 1, an anesthesia reversal system 10 according to the
30  present invention, which may be positioned along a portion of a breathing circuit 50,
between a subject I and a Y-connector 60, and includes a 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
6



BEST MODE(S) FOR CARRYING OUT THE INVENTION With reference to
FIG. 1, an anesthesia reversal system 10 according to the 30 present
invention, which may be positioned along a portion of a breathing circuit 50,
between a subject | and a Y-connector 60, and includes a filter 20 and a
rebreathing component 30. An inspiratory limb 52 and an expiratory limb 54
may bexgpatapliedinbyeconne etetitbl aid titisctoobkemt g cthaedt S0 Natably,
the inspiratory and 6 expiratory limbs of some breathing circuits are.coaxial
NonotB S R oA RS e Sl A R R Lo fterea
such bieathiny-cirendesois still referred to as a "Y-connector.” As depicted,

filter 20 is positigogdiaeaithe eRIRNACHERhMUPE IR AR iRihRIee: RPABRIR A

over the mouth and/or nose of a subject | when breathing through a mask or
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be adsorbed by the surfaces of anesthesia reversal syst Jﬂgto.remov
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as filter 20 is positioned bétween the subject | and rebreathing component
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sides of 15 filter 6) In addition, an anesthesia filter member 28 is contained
within ﬁ%rﬂg?ﬁlﬁnﬁ , iIn_ communication with both proximal port 24 and distal
port 26. Proxfmak gonn2y iarldddistadyporg 28 wdyalpothibeldonfigureudsfdyect 1)

connec%ggrhhoaﬁﬁm%%{?%hm&if R OHNESe FOLSRANRIE oPPIRAL RAE of

24 and distal port 26 may be configured to connect to standard 15 mmor 22
mih re&PRatOryRitaonammetioe i bhker raveRsaP8fiyetsricdasiHeeysbie 22, in
other iphalaghanasthesiavselprikedafifiat 20 anaayshe pesitipned along a

breathing circuit 50 which.is already in communjcation with an airway (i.e.,
the mouth or HBE RRHEA G GEy b SR T R e e Thesiar o
28 maytootadriseatnystypencftiiliegswhiohe isukiptwprdsinsgd| gotivid yraldd e mme26

or morg yRes. QiANeSING UG RGNS BNy LLExampIg ANd.pRkiay FITIL As
the scopé of the present invention, anesthesia filter member 28 may
cé?npr%’éh’ once reversal of general anesthesia or other inhaled anesthesia is desired, filter 20

may be positioned along a breathing circuit 50 which is already in communication with
an airway (i.e., the mouth or nose, trachea, and lungs) of subject L.
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
25  to limit the scope of the present invention, anesthesia filter member 28 may comprise
an activated charcoal, or activated carbon, filter, a crystalline silica molecular sieve, a
lipid-based absorber (e.g., which operates in accordance with the teachings of U.S.
Patent 4,878,388 to Loughlin et al.), a condensation-type filter, or any other type of
filtering mechanism which captures or otherwise removes anesthetic vapors from the
30  gases that have been exhaled by subject 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 member, a screen, or the like.



an activated charcoal, or activated carbon, filter, a crystalline silica molecular
sieve, a lipid-based absorber (e.g., which operates in accordance with the
teachings of U.S. Patent 4,878,388 to Loughlin et al.), a condensation-type
filter, or any other type of filtering mechanism which captures or otherwise
removes anesthetic vapors from the 30 gases that have been exhaled by
subject I. If fillgramember 2% comphises apaiticlidaies Wiateoal psuchmaort 24 and
activated charcaal or crystalline silica, the particulate material m .
conta i D ot b i e S B EE S TAELS AE ysgpit .
membes Zellconfiormicatabanitie bothigrbxisnbicpolt 24 and distal port 26, it

will remove angsthetic, agersd Ry .a33RS IRt A ARRAISPY: RURIRH er 25 of a
well as from gases that are exhaled I1)fzsub|ec&l._ Optionally, filter 20 may also
5

b
induddYah ittt s arsiterhas A Hpemadii thanslastrasticis
as 3M fliypREIEE Yikebmediaaneibar electiastaticiagalyprapylenesiibgimicrobial
basedtﬁner me ia.éd'ke anesthetsiafill%1 r m&mber 28 ap 'mic%)bial filter . 1
member 29 CommUnicatas With breat mrge;acﬁ%%ffl%“{e.g.,e 1§y V\Ya‘f/wgf%rg%’r(ﬁrgﬁ
port 24emadisthipaitpRét 86 filférn 2030Actordidigisly amtimicrobiall fiilter mearpdield

29 m%@%@ﬁéﬁ'@&%ﬁ [0 ARERIY guﬁygﬁgﬁﬂgj%hlyo@mhgfgqg@sgﬂﬁ%e_tﬁﬂﬁ%@or exhaled by

inhaled or exhaled by 10 subject | and, thus, to remove bacteria, viruses, or

otier ﬁ&ﬂiﬁfééﬁg%ﬁ}?ﬁt%%’@%@%@f%w@éﬁ’é?ﬁ@gti’fé&ﬁl?é‘?}éﬁ'mﬁ}ﬁ% Ses.
that inchodeuantimisiabinl iilersitbalars sapaaide kammftieridlracesaleo mdthiparate
the scqpe C%Iﬂthe resent inv%rilﬁi%n. As an?tttfwer ogtion a Egstem that

. er 20 are als 1t € SCOPE O e present ipventio
Incorporates %eac Ings (ﬂ“fﬁe preseni)ﬁ)nven IOP] may pe cor?ﬂgured to

selectively restriotather dipgctionsisterhidhtgasasdiates tierohighs k6 fikgr@@niTiniention
may b, desiraple sineediacing §xpaled 8asadisayal (g 20 My iesdbn

in a high concentration of anestheésia at the subject-side of anesthesia filter
mEmb&oB2{).eThin@ayde desrbitnBsmdirestngsitdim e ddsseiomay
proximakuRaht 24 &f ilire20):i éh BiIdhanesthesiBecaprentiation At hRsia filter
subject-sidg:' OE nest esiad filter m mbe{]]28 mal}{bin%rln, result in tthte < al
reintroBTENSH Bt 4iadMRELIa TS GHEEE AT B APE inhATed By QiBje & RroaHm?
exemppary28mbotemht ¢f bigeleetihesiioverestuiaion 200¢ shjeet-FdE kB abasthesia
includagi RYARSS senty A Gk ancat IR36L PR AAlER AR AR i

(e.g., flap valves of known configuration). Bypass conduit 101 is positione
pafallettoirdedly swhiReé 102 is positioned at an end of or along bypass

conduit 101 m&%ﬁfﬂﬁﬂmcﬂﬁlent of a selective flow restrictor 100, shown in FIG. 1A,
includes a bypass conduit 101 and at least two one-way valves 102 and 103 (e.g., flap
valves of known configuration). Bypass conduit 101 is positioned parallel to filter 20.
Valve 102 is positioned at an end of or along bypass conduit 101 and is oriented so as
25  to open when subject I exhales and close when subject I inhales. Valve 103 is
positioned adjacent to filter 20 and is oriented to close when subject I exhales and open
when subject I inhales. As shown, valve 103 is positioned adjacent to distal port 26 of
filter 20, but may be positioned between filter 20 and subject I. Of course, other
configurations of selective flow restrictors, which perform the same functions, are also
30  within the scope of the present invention.
Valves 102 and 103 work in concert to control the flow of gases through
filter 20. When subject I exhales, the positive pressure closes valve 103 and opens

valve 102. The closure of valve 103 results in a restriction adjacent to filter 20, which
8



25 to open when subject | exhales and close when subject | inhales. Valve

103 is positioned adjacent to filter 20 and is oriented to close when subject |
exhales and open when subject | inhales. As shown, valve 103 is positioned
adjacent to distal port 26 of filter 20, but may be positioned between filter 20

and subject I. Of course, other configurations of selective flow restrictors,

which parfermdhejsane furtilengaarer@lsns 8lovihtypas seameatabi®ypassing
present.invention. Valves 102 and.103 work in concert to control the.flow of. .
Goms s o e SOt et Lo e AL SO Bt
valve 388 ahehogkes (ilpyentoRemThe Slosvresadf vabee 108cesulirles.dhe negative

restrictipn.adiagent tufitan2Quuhichiirarses e malgrty At ihalep.aases

to pass through bypass conduit 101, bypassing filter 20 and preventin
anesthBESRIRPEBIIRRHIY AP thdpieidntaa 16 dimeeasy taenglyfiter 20,

anesthebizcfiliesmeinbene 8aonveselymonarvsubistickinfiate snéhwdrogativere
pressureg]dra S vallve 102 closed,. which reveldnts Eﬂe inhal glgdases fr&ge d
gas

. Su t1lin s the oases. UI;:I echanical ventilation, 1 as 1S
passing 5 throlugh bypass conduit Yot matead, the mhale Mmust pass
througHifiltesh 28 desher entmibsthasiatihdine gusets naychdireproveuemy the

anesthegia fifier MEMBRIRE befere paubiechiiohalesiie BRSEKIRUIA%nd opens

mechanical ventilation, inhaled gas is forced through the device into the
pafient/AhEntd hutag Ry Alefative pressure on the valve 102. Nevertheless,

there is pressue dffeneneeitany algsas yBiyast A iand opans cl & valyeeldidd to

during.inspiration. FIG..1B schematically depicts a bypass, syifch 105, which
o lo0 PR HETUR SRR LIRS By B Sk B
includeeviirsahsgriesthesialire ve thabsyste m aocording posinenpdedent irventtiory

and posilighed alpRg HRUBSING SHGUERANIER,PISINORCH [0PMIREs cases to

orientation, bypass switch 105 allows gases to 15 flow through filter 20 and,
opliondlf) HtsuEbYlstHharconmbordht SHqmescatlifhesmppieatmositl foVerghen

is desirgesthi¥iigrearestheriartayargrhahtiBeoh avaResth esda fanaraihesia reversal
system is not desired, fqQr example, during surgery or after withdrawal of :
et AT S5 G ol e e AR CoPtd CARK B s bu
positiow@'deira wbﬁcmm@hmmi@memimmhmp!tamg aspedypassiiltec@dd
and, oghonaliy,&PIGAIRING A2 GRMRAREIERL- D SEIMINGHi LR IRLE DG dBhing

FIG. 1, filter 20 and rebreathing component 30 are in direct communication
with orfeBPIPIESAs will be shown in greater detail hereinafter,

With returned reference to FIG. 1, filter 20 and rebreathing component 30 are in
direct communication with one another. As will be shown in greater detail hereinafter,
rebreathing component 30 may actually be a part of filter 20, rather than separate
therefrom.

25 Rebreathing component 30 may be configured to provide a volume or an
amount of deadspace which will maintain a particular level of CO; in the blood (i.e.,
P,CO,) of subject I. In the depicted example, rebreathing component 30 comprises
conduit 31 including a section 32 of expandable tubing that can be extended to increase
or compressed to decrease the amount of deadspace for containing previously exhaled

30  gases which are to be rebreathed by subject I. Of course, other types of rebreathing
apparatus, such as one of those (excepting the tracheal gas insufflation device)

described in U.S. Patent 6,227,196, issued to Orr et al., or any other known type of



rebreathing component 30 may actually be a part of filter 20, rather than
separate therefrom. 25 Rebreathing component 30 may be configured to
provide a volume or an amount of deadspace which will maintain a particular
level of CO2 in the blood (i.e., PaCO2) of subject I. In the depicted example,
rebreathing component 30 comprises conduit 31 including a section 32 of
expan@ahisl tabiaghingtappar-desexitsrstecdo inanesasesiOraenmresaad 10 as
decrear% r’éhﬁn%moount (%fedte%ispace for containing previously exhaled 30

gases whic are 10 be rebreathed by subject I. Of course, other types of
rebreathing &ppalsstuaihsudie asoonefdhtroseexveptipytohacisichaathyaslement,
insufflation 4evice)rAGSHHRE Al b & RaLGHH B2 ort 962 BSHES 10 QUaBhGheter or
or any other known type of 9 partial rebreathing apparatus, may be used in )
anesthesi PRI 8 RPEARR Hheref os 23 SBPSA BB GREROSH Ot Ao BEH R KEs 12
the scopegitbaRresontiov@ntiantte resualdprathar elenent tsudfjasiabetween
respiratory flow sensor or gas sampling port 40a therefor, or a capnometer or.
g it Sk S A S
an anesticesies revmisag pystetvnl $0hecordidgthe thep fesdivomvwatition (ergiguration

close t@@%}ﬁ%alﬁsﬁwgggg Jiten29 andIRREANNYCAMRANEAbSR: BZOSR Min),

Y-connector 60, etc.). For example, when gas sampling ports 40a, 40b are
used, ﬁﬁ’ég} ‘i"ﬂé‘;?“ﬁésd ?fcﬂ’i?/éﬂ‘ﬁé%}’a{%é?]h@ disansed ey. ?%Pfa?éﬂﬁ&fﬁf‘gl?jl%h of
samplipgahiagd aie@f siperibRdpiviir ter aberit@sQimb Funi4 10 @uehdscation
fittingstﬁréﬁletwa}gg configured to be disposed at an end or along the length of
breathing circuit 50 or an inspiratory or expiratory limb 52, 54 in
communicatidmritingrewitte. HiGmihghrosht 8 KBeifdhrouphe 88, apetbifica reversal

examples of ARGSHRFIRLRY ?Ja?t%'i%%k’%‘ﬁﬁ@p'i‘é?etniﬂﬁ%ﬁ%ﬁt%é%ﬁ&@i{!95 of the

present invention are shown. 15 The embodiment of anesthesia reversal

sydtem 10 sHEGAMEen Hcuridsda rerreathlisly B poA¥AinElthatincludes a
CoMprigefaiEREomMinanathingeaRdidl SdcivichrErmmupIEHes VWith which
e A 20 B e SERiote S0 SO el 20 S
volumessaidjstabtetin 60mBeimentkimgwnnidutha] andeige] sy wergoficarudatioins,
etc.). 2026 iR MAN GRRE IOV IESUHRIQS B £ » 6 RLO5PRIRANAR e o]
may be positioned along breathing circuit 50 or rebreathing conduit 31' to
céhtroQpeFIauesfvalves 36', flow restrictors 37, or a combination thereof may be
positioned along breathing circuit 50 or rebreathing conduit 31’ to control the flow of
gases into and out of conduit 31".
Another embodiment of anesthesia reversal system 10", which is shown in
FIG. 3, includes a rebreathing component 30” that communicates directly with a
25  filter 20" rather than with breathing circuit 50. As shown, rebreathing component 30"
may be configured as a loop of conduit 31”. One or both ends 38" and 39" of
conduit 31" may communicate with filter 20" at a location which is on the distal side of
anesthesia filter member 28 relative to the location of subject I (FIG. 1) (e.g., between
anesthesia filter member 28 and distal port 26) such that gases are filtered before and/or
30  after passage thereof through conduit 31”. Like rebreathing component 30’ (FIG. 2),
rebreathing component 30” may include a volume-adjustable section 32".

FIG. 4 depicts another embodiment of anesthesia reversal system 10"”, in which

filter 20" is configured to provide a deadspace volume 30" in which at least some
10



gases into and out of conduit 31'. Another embodiment of anesthesia reversal
system 10", which is shown in FIG. 3, includes a rebreathing component 30"
that communicates directly with a 25 filter 20" rather than with breathing

circuit 50. As shown, rebreathing component 30" may be configured as a

loop of conduit 31". One or both ends 38" and 39" of conduit 31" may
communibadeiviidditier 20caiia totlatien whithels DexHag distalbisenpdeadspace
anesthesia filtey,me ferd%% Eﬁéa&i‘s’%oléezg#gg{‘%‘c}j‘%ﬁig‘}gg)?l%%ﬁtg 53 sl the

b
O
between anesthesia filter member 28 a port such that gases ar

filterecebdlsrbeasd/dyn B0 efter! Isawdaberdheredilthrsligsortvit Bdrein ial, later, as
rebrea{ﬁ@?%&%%ﬂﬁ&%ﬁ@h{%!@, 215 GREERINIBY HQTIRENRALS ARy include

a volume-adjustable section 32". FIG. 4 depicts another embodiment of

nr

anesthesia reVergtgtabrdreniohMerbeite roemab ey e d st ReviRrIaes
deadspachivel winBe3festntivehiah iBast senem HGaybondiaxidersichsgiases
are coIIectedl%s,,s\lu%jle%)Il.ixhale . As show deadsR)ape v

S

yste ! uch like anesthesia reyersal’syste wh c(:lkl)hl{ms sv(v)rlluiilsand
located’0n the distal Side of anesthesia Hiter member 28, suc that the
exhaledcgraded gt ledsrercolledtiéd #heFeérpaneafiitdviécd asaheirtiomativettsina reversal

and, 'ast%eﬂﬁ6”95{11@%9&%{5%@éﬁfépws(&rgwaﬁssﬁ@i‘%ﬁé héﬁi%aé@ volume 30"" of

subsequently inhales). 5 Yet another embodiment of anesthesia reversal |
sySteni MRS heHATSHESThOIEES L teackiidsi bitrashresetbideERtD RStk tre
in FIG fieAresthesiqusewas sal sysiep 19, cisamughlikelanesine siadaueisdace
system 10™ ich i own in and. described with reference to FIG. 4. Th
ormar G et A S L AR A LS AT £t S e
reversatxsysteppad Ot is thakethieodbadspadeivdharmn®.30™ of 10 anesthesia

reversal SYSt%&%'ihﬁé’lﬁgﬁ%ﬁsiﬁEiﬁ@étdﬂ’%@%ﬁ@ﬁ@%ﬁ@b’% Qe 2207 5 flter

20", is adéustable, for example, by enlarging or reducing the amount of .
space coptapisbipyhRRstioned pdoge HhreRdimystietE&lidinty fAbtOR 6f apgsthesia
otherwise:wall Hetcreadiyi appatentdaitiesaalinrdinaniskil o dbe el iH6s.if
through f68 |IIustrﬁo§a anesthesia reverﬁgl s%ster%; 110 thgt is 15 calnfg%ured

to be positiditedaioriy a’ﬁ?e%ﬁ%i%agseéi%%ﬁt CREWHT e DR ALgREsHL reversal
reversaysystehd) bt Qtlecpositibnes sdoaghbseathiergat iukinb 0] s Aldosgosibed 11" of

above i JIRIEASR A GerhE 1 50 PRLLASHR AN RESRIGHIYE I JU SRiGH Jﬁéﬁin g

anesthesia reversal system 110' or selectively bypass anesthesia reversa

sy8tent T ornAgesiaég fiter bOHEstduReiive FORRYSRIN 3T OR Ahesatiéca

proxima)ppeRind 3t 2 anduw eisiakQIeNH: compact, somewhat convoluted pathway of
sufficient length to hold carbon dioxide-rich gases.

Switch 105" may comprise a rotatable valve of the type illustrated in FIGs. 6
through 6B, which includes a vane 106’ that controls the direction in which gases may

25  flow. Alternatively, switch 105’ may comprise a sliding switch, a diaphragm, or any
other suitable switching or valve mechanism.

When switch 105’ is in a first position, as shown in FIG. 6, gases may flow
directly and substantially unimpeded through breathing circuit 50 and, therefore, bypass
anesthesia reversal system 110’. When switch 105’ is in a second position, as shown in

30 FIGs. 6A and 6B, it restricts gas flow through breathing circuit 50, causing respiratory
gases to flow into and pass through anesthesia reversal system 110".
Additionally, a bypass conduit 101" and a pair of one-way valves 102" and 103’

or other selective flow restrictor 100’ may be positioned within housing 111’ so as to
11



20 114', and contains a filter 120" and a rebreathing component 130'.
Rebreathing component 130' is illustrated as including a compact, somewhat
convoluted pathway of sufficient length to hold carbon dioxide-rich gases.
Switch 105" may comprise a rotatable valve of the type illustrated in FIGs. 6
through 6B, which includes a vane 106’ that controls the direction in which
gases oatyolhefldivecAdieinatiug sassitkiw kb ugtayneaneprisevarsiidingeswitich, In
a diaphra or any other suitable switching or valve mechanjsm. ,
Siten o B B S Y e T I e
and subssitintiedlpruthinppededltkidsud hiliee 42hing airouin SOrentithti erefongs exhaled
bypass,anesthesiadry sirairysion HiQh\hen switthd0R: s i wasenh
position, as shown in 30 FIGs. 6A and 6B, it restricts gas flow through
bréathfﬂitff’éi]r%(ait 50, causing respiratory gases to flow into and pass through
anesthesia reveisaksYsEIG. 51 wAdditionally cahllgeassi Candut 1Y thantoavs,
pair of Qne-wa aYaIvlﬁ%,looz;lsarég %03' hor oml r ele%t'{\é%‘gov%qggstﬂ%tora%gO'

may be ﬁovsvf%ne&sm in%odsmuglﬁi $6'as 1o X tontrol the diredtion in
which gesbstfloW thdotygh. ampsivasihaeverkdl systdmm f0Wwing thie fillistrad@d The
example, Hypass CORML QAN ORBNEY YV ER.HAR RBRIORARR 101", As the

positioned on the proximal side of filter 120' in an arrangement that prevents

h
exfaletP Reas siedamiryTberresd1be vakPa el ehiratung RamRPRE S to

flow theaugh &iilied 205 svshownibiGiAonmperta $ebjesd Bxhalgsl @sof

illustrated by the arrows, one- valve 102' opens sing the exhaled
gases O e O DyAREL LR PRI [ event the exhaled
gases from fléwshgvintm filter AR OVliEhehextipetigades artenyebieathligs drawn to

compopgpt 3R SHIRAUGHOYPARR CPRIUIFL AW AR IBErIR YANMELLisK A Dathing

gases may exceed the volume of rebreathing component 130', excess _
exhaleti’gaisel- v ks terbbrehinmsy doipnsaie1do’.ama mslidpng 1ebreghing
anesthesipseversabosyaten b0’ thiowakkdistabepanindidld SOmeh@Wprtkimal

FIG. 6B, Whenﬁlae §%gl§0t ir]rfziljgs, one-way valve 103'is drawn to a closed

positio%?eﬁhneg nega(’uve 788sure draws gases from a distal section of

breathing 15gircuit 50biniobwLesing tdsitieonghl distaiopefinghEh4s iintstrated in
and aloqg rEREERINg GOMRIBENtHrgygh;l 'ESE&&QE@?%‘P&FM%P[@@%% or

circuit 50 through proximal opening 112" of housing 111".
20  nose of a subject I. In addition to mask 115", anesthesia reversal system 110" includes

a housing 111" with a proximal opening 112" and a distal opening 114". Housing 111"
contains a rebreathing component 130", as well as a filter 120".

Proximal opening 112" communicates mask 115" and, thus, with the airway of

subject I (e.g., through one or both of the mouth and nose of subject I). Distal
25  opening 114" may be configured to communicate with subject I’s surrounding
environment, as illustrated.

Rebreathing component 130", which is located along a flow path between
proximal opening 112" and distal opening 114", is configured to hold at least a portion
of the relatively carbon dioxide-rich gases that are exhaled by subject I. While

30  rebreathing component 130" may have any suitable configuration, rebreathing
component 130" is illustrated as including a plurality of concentrically arranged,
serially connected passageways 130a”, 130b"”, 130c”, etc. A proximal end 132" of

rebreathing component 130" communicates with a distal end of filter 120" which, in
12



Another embodiment of anesthesia reversal system 110", which is illustrated

in FIG. 7, includes a mask 115". Mask 115" is configured to interface with the
mouth or 20 nose of a subject I. In addition to mask 115", anesthesia

reversal system 110" includes a housing 111" with a proximal opening 112"
and a distal opening 114". Housing 111" contains a rebreathing component
130", asrwelbamaniitessh2eh pRyaximabegpagping 1d2hasmgunicatestmnaskith
115" arr%lglIS tl*Hg,,with the airway of subject | (e.g., through one or both of the
mouth ané‘ nose of subject I). Distal 25 opening 114" may be configured to
communicate’nwitithssibjesaetssistoundingmen vipbpminingydiustelege flow
Rebreatling SAOmPORRM 3%y el isrqaied alonga JowmPath DeEeeR:  and

proximal opening 112" and distal opening 114", is configured to hold at least =
a portiof oftHOeIAIRIY EAIEbY arkilelsdiPyLlaesHat vesasgidiugug]) filter 1207
subjectbr Whilp BOwRi eabling eamionante130" mayrhamMatanysyé@piBition, which
configuratio breathing component 13Q!" is illustrated.as.including a,,, .
oo o S aree T A Dt A A B g forcea
130b",i1@Cal'optu pAsproximatieatht 82tadéd islsee &tting oomipeaenton@oit 101" and
Commﬂﬂjé‘c@f}‘?ﬁﬁ’(‘f'@b?egﬁﬁﬁ?g ?&%‘AE%@B@.OM’!B'&bol%%ﬂ%r&%mﬁg@%i?&t

with proximal opening 112" of housing 111" and, thus, with mask _ ,
AHestHeSal tdiers gressterhal ot garaPapashanysneb ok’ heuterfida opening 1147
restrictahdAQibpuchiarHYpRRSS 6ONEWHrd&ilinanded Ralhefiane Wil valves02” is

102" apd 5 d]_03", arranged.or lPoziitioned to control the flow o reslpi ato
%I‘CG IPI'[?. no OSHIOI. sar?sult, ases II]BIP/ % ravY,]n rom e[ireat '
gases through filter . For example, when subject I exhales, valve is

forced dntapancio d8q’ pusitioopgihidter p2oV daterthexexigdiedigaddd ftbrmugh proximal
enterir}qjg'&lﬁﬁ[g 120710 @ﬂgfﬂ%"m}!@l}ﬁe@pﬁg gl%&par}ged into an open position,

causing the exhaled gases to flow into bypass conduit 101" and directly into
réBreathing cOhfeRshtieInnti ns REWRIUME G rad sk Rihg e anspbpBhterersal
130" iss§ied, excessiexhalen: GRsas ihaya $xic e sngot Horéhimg hdissal”

postioN KT DY EORUHAA THD S ol BEENBA AL oS, Gugyice o
may beetirawelfromd brdgtiiag dtemponein 130 tmhddinreougindpierctP0ib 52"
before exiting NRYSHIGL-IA  DEPHIN RGP AL ABEAINIALba FRAGCUNYLRE i
subject I's airway.”15 As another alternative, pictured in FIGs. 8A and 8B, an
ar@sthessidioasbaieqg each shunt line 56" to selectively direct the flow of inspired and
expired gas.
During normal or baseline breathing, as depicted in FIG. 8A, the two-way shunt
valve 58" will be in a closed position and exhaled gases, which are represented by the
shaded area, will enter the expiratory limb 54'"".
25 In order to facilitate rebreathing, as pictured in FIG. 8B, two-way shunt
valve 58" is opened, permitting exhaled gases to fill a portion of inspiratory
limb 52'"", substantially all of expiratory limb 54""", and shunt line 56'"", all of which
serve as deadspace.
The deadspace may be rendered adjustably expandable by using an expandable
30  conduit for all or part of one or more of inspiratory limb 52", expiratory limb 54'"",
and shunt line 56""".

Turning now to FIGs. 9 and 10, use of an anesthesia reversal system 10 of the

present invention in combination with various anesthesia delivery systems is shown.
13



system 10™" of the present invention may include one or more shunt lines
56" positioned between an inspiratory limb 52"" and an expiratory limb 54
to provide a selectively sized deadspace in the circuit. In this embodiment,
inspiratory limb 52™" and expiratory limb 54™" act as part of the deadspace.
A two-way shunt valve 58" is 20 positioned along each shunt line 56™" to
selectively directthe flovirat inspiredoeindlexpieeld gasledwing Narwtatoincludes an
baseline breathing, as depicted in. FIG.. 8A, the.two-w srt;unt .valve 58" ill

b 1 & M i g P e S BT AT mpy 53'ano
shadedxateronwilireih fef . thes pixgsivatdigtipIhabd expastomydraerxs facilitepéed to a
rebreathing,as RiGBHELIN filGEnBR AWBraY SBHMLNAVERR S0 BREAGH:

permitting exhaled gases to fill a portion of msplrato%/ limb 52" substantiall

allof e%ﬁfg&é@iﬁﬁfgl%auﬁﬁdéﬂmm HEhserubieql bERRidA isakpoye manner (e.g.,

deadspaceubiie aeadspacsinaiibe reatenatadiusialdy expandal@dns includes
using an.expandable 30 conduit for all or part of one.or more of inspiratory. ,
imb SIME BL T  HE  T3ri St Bt S T HoH DRI g 52
and 1@1@%@@%@@5@5@%@@@&gymn@s@femf Yrezwattionehtioneimay
combingfian yith yaioUG RPERIER A CE VS SYSHEMSIS W o 3 KLEIS- O

a circle system 70 is illustrated. Circle system 70, which includes an
intercoiFeERi (e it thRITed SRR IS P iER BPTIaB i ARy NARiF LT
52" anginexplraiaryol iy &d subispineton 1imhib2 sand exaingtannlinpibdoBmb 54.
coupled to a IY-(:ortme torb6 ,vvitnich,lin tutrn, '%coulglfd ttola t%reathin ircut h
50" Breathingn?:p citcurt i5 cgnﬁgﬁree%}’%c? htertdce With aeaésul%réecﬁs( G. ) e
a knovas apeniribat(Rglitalyy tvytation awithe stheraskevithy ayyasa B8 rmulechanical
etc.). GILGIR.RYSISM f0. A5 NEUGESHRhISARH WA IREURL YRR If B0 o
which are positioned across inspiratory limb 52" and expiratory limb 54,
réSpectitdfSyateappoLits sHEEBINEHRMR ARG OB Way/ N Otds 12 )dAdl P
restricibRiflow Ot gases reHght GEcla sysiame X PiltadtySiple al e Gragliomn type is

such that expir ases are prev d fram flowing djrectly into inspiratory

limb 52 %lgg%(?ﬁd]r&v%ﬁf%ﬁ%f&tﬁlr@cﬁg i(l’)][i[l% |Cr% S@’%e%sqgirectly from expiratory
!imb 54", Inspisartmwﬂiwﬁpﬁﬂooj @'rrrkiééﬁymkbmsmaindddels _[ I@_ag;@ioq@@aéocation
inlet 73,340 3R @ E&B&i’v@?‘ﬁ%@@&&%«b@m%j@& POCEES FRIYE Yemoval

system 300, a mechanica
20  element 77, such as a soda lime canister. As one-way valve 72 prevents exhaled gases

entering inspiratory limb 52/, the exhaled gases are directed through expiratory limb 54’
and, depending upon the positioning of a bypass valve 78 positioned along expiratory
limb 54', possibly into carbon dioxide removal element 77, which reduces the amount
of carbon dioxide present in such gases.

25 Additionally, circle system 70 includes an anesthesia reversal system. While
any anesthesia reversal system that incorporates teachings of the present invention may
be included in circle system 70, for the sake of simplicity, circle system 70 is described
as including anesthesia reversal system 10. As shown, anesthesia reversal system 10
selectively communicates, by way of bypass valve 78, with expiratory limb 54’ of circle

30 system 70 and is positioned in parallel to carbon dioxide removal element 77. The
volume of deadspace that may be present within circle system 70 depends upon
whether or not expiratory element 76 causes exhaled gases to remain within expiratory

limb 54’ and upon whether bypass valve 78 is positioned to permit exhaled gases to
14



ventilator, or a breathing bag, or which permits air from an environment

external to 15 circle system 70 (e.g., an operating room, a patient room in a
hospital, etc.) to flow therein. An expiratory element 76, such as an expiratory
spill valve of a known type is positioned along expiratory limb 54" of circle
system 70. As shown, expiratory limb 54" and inspiratory limb 52" are joined

at a loogpan cabiahdis diiat ieledivectoeltconneaddrton, avtdisubjecidniyailventilator
carbon dioxide remova element 77, such as a soda lime canjste

one vk RT3 Bt o e o CH A B S R R Genas
exhaledbgadespaosidits ctedidigro ugfht Erpiratometionl36 4f anssthdepending siseam 10
the positigningiQfayRessvalve 78 positioned along expiratory limb 54/,
possibly into carbon dioxide removal element 77, which reduces the amount

of tarbon dioXiEPPRFHTRSUCH Gideash Baridyicleand, dopepdiagaiam the
includgmatioangsihegpaskexgisaissysienmt. sWktler apyasesthasiceearsalaled by
system that incorpoyrates teachings of ﬂ]f‘e resent invention m e incjuded

et St T e D e ey R R ™

as incloding dnesthesizorel/egad syStarty 20cstis shownssamresttesie. rEvenzab

system 0. S8IRClyEI AL MMASALES W HAYAL RYR2SS YAVEHTB: Withrecied into

expiratory limb 54" of circle 30 system 70 and is positioned in parallel to _
cafborPaiBRRsethetiovaF s msisir 10 %WB%M’Q’S%@%%‘%&@%E fayt Bl it
presenhyithin&iste systesil) depenrdipasunkhgihienrdnaleXpiiaienyirected into
element 76 causes expaletd ngg&es 0 r%ma&n wghin ex&i{a}%}/ |tl 54' a{]d

upon Whether bypass vave"7s 1 Posiioned to permit exiiated gased 16'14°
bypassadrblorydithd dervemobahdleneertide that additienthadtrersebrrdhainidalr, if

venilaigpis Geneleshi0,gasdlEtic ihe wellue Al feadsRas WA dikleen

system 70 depends upon the proximity of the gas inlet 75 to a junction 80 of

anesthEsEserear sy stetam dOvithamspiRb ey R Exids thalxpmatern gases that

elemephskblifoatieast maitialyclassdidle pending: Wpaivih e hpdskaningeafmount of
bypass valye 78, at least some of th 1Ease thg\&)h?\fe been exhaled by
subjecf“}eétn IR 2 HOW ast‘ﬁsr%g Expitato 9’ ilrrli%rg * may be diverted

from carbonTiiolxjdghcrembj@Itéﬁaha:@atﬁ?ﬂmah&@hte@aatévmp@ymnf 1.

It bypags. valye.48 5. Adiypiakie ‘g’a@so&ﬁtf?e@ﬂaﬂé’&iﬂﬁﬁ'ﬂfé@ﬁﬁ%%ﬂ%ﬁ 8555

may bé directed into 10 both anesthesia reversal system 10 and carbon

di¥xideneshevalreysrs iy sty RuE i baaly Berpyssibiedo Carékhigasgulate
the amounts gf exbRIed @aSASHAAL@EE HFECIRA W Rispace from which a subject I may

be caused to rebreathe previously exhaled, carbon dioxide rich gases, an anesthesia
reversal system 10 that is used in a circle system 70 may lack additional deadspace,
such as a rebreathing component 30.

25 Referring now to FIG. 10, a Bain system 90 that incorporates teachings of the
present invention is depicted. Bain system 90 includes a linear breathing circuit 50", a
patient interface 92 located at one end 51" of breathing circuit 50", and a fresh gas
inlet 94, which is configured to communicate with an anesthesia delivery system 300 of
a known type, a mechanical ventilator, a breathing bag, or the environment external to

30  Bain system 90, positioned along the length of breathing circuit 50”. In addition, Bain
system 90 includes an anesthesia reversal system 10 that communicates with breathing
circuit 50”. Anesthesia reversal system 10 is preferably positioned proximate to patient

interface 92 so as to optimize the amount of anesthesia removed from the exhaled gases
15



anesthesia reversal system 10 and carbon dioxide removal element 77,
providing control over the amount of carbon dioxide that is rebreathed by
subject I. Further, if bypass valve 78 is positioned such that the previously
exhaled gases flow through 15 anesthesia reversal system 10, the amount of
carbon dioxide that remains in gases that pass through anesthesia reversal
systemidd) til, bei iztatively mighnydiiladhireampent ebrenksthgsiaypiesdntsithe
such gaF?gC%W' | be retS:itHced bg filter 20. Thgn, when subject | inhales or is

e . . |
caused to mf(])ale,e Atfeast a 2r})ror lontor ¥ﬁresegases that are inhaled (i.e., the

gases that reWhile {lithir? bheating dihetin§0agnds 26tame sthesiausferfalproviding
system, )44l e Rigyiausly exbrledA2%Ieh gasesné\s Slisi& sy RieRmE0

may itself serve as a deadspace from which a subject | may be caused to
reBreatié frRvAORTy Wit CATHSRCHBKIS i Yade sOar B dhrbiduces

reversaltsysiigny bOdArabisdusedtin a sischasysteratinmayclackaddiponake of

deadspace,. such rebreathing component 30. 25 Referring now to FIG.
10, & SE YRR Qe D IROTAL VR RWEE AP RILU A e sn
depicteaeBain.system 90 includes a linear breathing circuit 50", a patient

interface 92 logated aheReRRd GL40LRIGAIING [iFSHit 3mand A resh.g8s.

inlet 94, which is configured to communicate with an anesthesia delivery
syStentabeRskoxifnHi IR cRIHeitIbal enf siBIcaAh e SoRREEAYS drRifked
environyanisexiernakton b Basugysient Btheposiianatlasgdheilengifeahing

breathing circuit. 50"..In additign, Bain system 90 inclu an anesthesia
e & D Y R e 170 R PO algne
reversalsystentdoug pHeferablnge sitiomed (irdilima e stoap adientudatbefane @2 of

so as 19, opiimize DRAMAIE Ak ANESHESIR LEMNE IO he FXDRIRD BASER of

15 and, thus, minimize the amount of anesthetic agent rebreathed by a
subjecticadienia B e an 84idEm afe"dlifig ravEradcitie qendyit 250 and
through-8Q4iléatrateuspous systems that are useful for providing a

deadspace v e from which a subject re reatq%as subject | is bejn
o withirann RO SHEHAGA AR Aot M BAIAEE S Shaah i 1
induceshaebieathidgsofibat both ditetithedmodHie chamig debredthingioirbuitfomer),

the purRoSE.Qf, FEVGLRINGSHG #HRE B ARENFREINR §M§%§ﬁti%@g%lﬁ%ation with

within the scope of the present invention. Turning now to .11,
aR@stheRigHRpErSET Y StaRt thoyithegl e gauy (e-g., those shown in FIGs. 9 and 10).

It is currently preferred that filter 20 be positioned proximate to subject I and that
rebreathing component 30 be positioned closer to Y-connector 60. In the case of
anesthesia recovery system 110 (FIG. 11), the position of carbon dioxide infusion
element 130 relative to that of filter 120 is irrelevant.
25 A deadspace (e.g., in the form of the volume within a rebreathing
component 30) may be adjusted by an anesthetist to provide the desired volume of
deadspace therein in order to facilitate rebreathing. For example, when the deadspace
volume is at least partially located within corrugated tubing, the deadspace volume may
be adjusted by extending or contracting the length of the corrugated tubing. As another
30 example, when a fixed volume of deadspace is present, or even with a
volume-adjustable deadspace, the amount of carbon dioxide within the deadspace may

be tailored by adjusting the flow of “fresh” gases, including recycled gas from which
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10 carbon dioxide infusion element 130 rather than a rebreathing component

is depicted. As illustrated, carbon dioxide infusion element 130

communicates with a breathing conduit 150. A filter 120 of anesthesia

reversal system 110 is also positioned along breathing conduit 150,

proximate to subject | (FIG. 1), so as to reduce the amount of anesthesia in
gases thavoard xtaiad taygstipjectd. anthethihs, flowninimize thasamaoieothhb the
anestheel2 hanfemping. nanv0ases (st are wibdran rom Breatbing, occur
conduit 150 and rebreathe by subjec vt Tetured reference to FIG. X"
(although anéxstbresiastessarsayayaiteysicin 00 shashasirpendoded oripedmvitication with

referengg daih@ citdu MR USEY dBIR SR MARRENhARRRCRA F?(‘)’s%(ﬁ@ét I
a

system 10 may be used %y placing the same in communication with
bréathigSdiMLard netiB S de ) Tt &t Fathioges dretis i pgesss igom the
and 1Mxhhida gagently IpiefeFeddhaf tilker20hheop asitinRed pradinaasts enters and
subject | and that rehreathing compaonent 30 be positioned closer to

-conrbl B TR JRLE Bt AL NS 3R g AT ety 0
the positiontofredvbog Wicstidd imfistionc edentremt 3G thiativectdalrdtbof filpgct L,

120 s fielexpnk b RRACE &l JPASHRIN QL FRENR IS NI 2

rebreathing comiponent 30) may be adjusted by an anesthetist to provide the
déSire GV B e alds PREEHRE FaRIn BT XaTai ﬁé{f’é’%}ﬁféaﬁﬁﬁ&f’lﬁﬁﬁume“ I
exampighamkien the deadspace volume is at least partially located within

corrugated tybing, the deadspace vplume may be adjust %b extending o
contracting (U TEATSH § BTG AN LR AL G ATTr S8 SR
a fixedthotigntepat deagisfrave ébrprdsentoomevent Hhhvathvolywibeadpsstdisiog drawn

deads@1%‘&‘?eﬁ'ﬂ@r"f‘l‘i@%%Qfo?ﬁ‘@é%%x@é%%MJ&'EBW%%%%‘Q%%&EJB@% Rfith

tailored by adjusting the flow of "fresh" gases, inc recycled %&s from
which VE8'Eaior disitB ek mers fiehiove drovaR Rrate M B frelb ihqyarss

is lowehibam teerfimmwaicasib e soverdilatiorniabieaihingaf gases ehim are
the deads ace may occ .O]g]ce. anesthesiatlre.versal system 10 has been, ¢
positioff8Y 1§ R Teatioh With” B BVeHFHRG & raale O 2 EHEL R HvaHps ©
systenvxgases-thaioarecexbdlethiy sipetct insypabs:atiio hadathequagimfifte ri@@s and
which Egmgélgﬁﬁgi@%t&%&msthetic agents from the exhaled gases. At

least a portion of the volume of the filtered, exhaled gases enters and at

le¥st tempordtily FEFRBINS IR iR eE 8 18S REISFeifthiAg M porRsten of
30). Alsochydatiucingerelseirnesthatic aganisingnsasithat sieexhalgtor

by sub %(s:ésl are “fresh”) be used in reversing the effects of inhaled anesthesia. This is
because subject I requires some oxygen during the reversal. Of course, the use of total
rebreathing processes is also within the scope of the invention. The manner in which
25  rebreathing is effected may be varied or controlled to provide the desired affects, while
providing subject I with sufficient oxygen.

Of course, a gas sensor and monitor 210 (e.g., an anesthetic gas monitor of a
known type) that measures carbon dioxide or oxygen may be used to monitor the
ventilatory gases of subject I. A respiratory flow sensor and monitor 212 may also be

30  used to monitor the flow of ventilation of subject I. Gas concentrations may be
determined by a processing element 220 (e.g., a computer processor or controller, a

smaller group of logic circuits, etc.) that communicates with gas sensor and

monitor 210 and flow sensor and monitor 212, as known in the art. If the carbon
17



filter 20 may effectively reduce levels of anesthetic agents that escape into
the 10 environment (e.g., the operating room, recovery room, atmosphere,
etc.) when subject | exhales. When subject | inhales, at least a portion of the
inhaled gases are drawn from the deadspace (e.g., from rebreathing
component 30), with any other gases being drawn from either the air or from
a sourde Ridnspiaiasy lgade s.thabhempas visader\vilpraldwenitiatoetdsrtach
inhaled gases are drawn through breathing circuit 50, they pass through filter
20, AT o T R A G A O PR A AR
removezbitrshafzomemNoeb B0rpmodian esthbrskihsylsteness (g deglentration of

conceniradions: efyeeRiez SARME USakITIVS, SHRISE! | may fsRsEaihAe
the same gas many times and still be sufficiently oxygenated. 20 It is

cufrentR§HeRgrreddh atigsimenteByamAle procaatedlly, sucBan by PorsoH s
the gasksnifialmy) wiitheopatiant WeeepaHatisiyxnategpyshiiathe ifigiming and

portion of Jases are "fresh™) be used in r?ye%rsinl%th effects of inhale
COI 1cates with one or mQre o ? yventlator a valves 6&, Eﬂgass \fﬁ ve 78
anesthesia. ThiS' IS because subject T requires some oxy: Ing the

reversd’ﬁl@f%bafs@g 4hesmsémmaﬁl_ﬁQMt}ﬂn@b¢owgsbs figijaisgoe\nrit‘bﬁ ththe
scope QS IVERYRR  fIGAAMELIBMOISH 23 dgPieat g b &Iecied Mk tons

be varied or controlled to provide the desired affects, while providing subject
| With SusTeeA LSRR CIRE6I5aeN a0 88 ¥ Nor and monitor 210 (e.g., an

anesthetic gasyreeniRiR afi kaowniiRe)bak i easdies Gashan Aivxide Qfarbon

oxygen.may be u to monitor the ventilatory gases of subject I. A .
oo o SR AR or S0y A BEcaRP e 1 S g
flow ofivenidatEmehtsLitjeict 4n Grstooncavmationy armys vé tbateyennad doyien,

procesSing SISMENT 23R 4Pt %ha P EOMALELRIARESSAR QIAANRIEE @ HSmalen,

group of logic circuits, etc.) that communicates with gas sensor and monitor

21D an@vebw SueisBRERIheREFe23s biropAlowrsrethandrthisiie daibhynviich

dioxide@soxygapclayeisy(6cdeteed Bas SRR Kasp hiriRidiachantBiCihproves
reach Hndesirab e levels ad'éustments mIaI\ly be made to Ehe de d%pace
0 d g S

volumd e e WS ARSP ARG CEMBoSBIN 5Dy 8P MsitiRegrbidufdg!ed by
gases stjtieeIconcentration of oxygen or carbon dioxide in the other inhaled

gases, or to 3pi qMRINARL QJSUP&?OBOIERQ}P&QIQ e AAUSIGRL A% BF of

made automatically, such as by processing element 220, which, of course,

operateNEiareistial BraPPAdsRISSAI§ ARt isgBpRYatus and methods of the

present invention are useful for reversing the effects of any type of inhaled anesthesia,
whether or not such inhaled anesthetic agents have a general anesthetic effect.
Although the foregoing description contains many specifics, these should not be

construed as limiting the scope of the present invention, but merely as providing

25 illustrations of some of the presently preferred embodiments. Similarly, other
embodiments of the invention may be devised which do not depart from the spirit or
scope of the present invention. Features from different embodiments may be employed
in combination. The scope of the invention is, therefore, indicated and limited only by
the appended claims and their legal equivalents, rather than by the foregoing

30  description. All additions, deletions and modifications to the invention as disclosed
herein which fall within the meaning and scope of the claims are to be embraced

thereby.
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communicates with one or more of a ventilator and valves (e.g., bypass valve
78 (FIG. 9)) of the anesthesia reversal system 10. Alternatively, adjustment of
the deadspace may be effected semiautomatically, such as in accordance
with instructions 10 provided by a processing element, or manually. By
combining a filter 20 and an element for increasing the amount of carbon
dioxide inhaled by subject | (e.g., with a agbxedathing component 30 or carbon
dioxide infusion element 130) in an anesthesia reversal apparatus of the
presenjyinpyentigimeyentilation of a subject | may be increased while
maintaining normal to high PaCO2 15 levels, which maintains or increases
blood flow levels and, thus, the rate at which anesthetic agents may be
removed fronm.the bAaipsasnthe facileasedenamtitatio nfimpitguasreheimbagdtnesthetic,
which %ﬁ\%ﬂﬁ}g agents are removed from the blood and, thus, exhaled by
subject I. While'much of the description provided herein focuses on the

reversalfBreriorgé tashpartisdihesia Vit S ABtHABE Hpprétistsditad Mehe subject;
apparafgand nethadsof dhgoiesentinvertindarftsefiinhios raversiofdhe an
effects of any type of inhaled ane§t (zzia, whether or not such inhaled

anesthetic agBRts HAVB L YAHEI A Sridsditic effect. Although the foregoing

descriptielragonrtaissicnariyr spedifics, these should not be construed as

limiting the S‘éQHﬁe‘afggL%sﬂE)ep@g%EMM§ Hﬂgpalﬁi’él{{%ﬂﬁéy&i RN A: component;

illustrations of some™of the ently preferred embodiments. Similarly, other
embodiments of théiivention may be devised which do not depart from the

spirit or scopghafthe.RERERY iRveRtiM eatoraskpandifprenhenkedinetdugh
may be employed inegﬁkr?]bination. The scope of the invention is, therefore,

indicated and limitet! by the appended claims and their legal
eguiivalents, rather than by the foregoing 30 description. All additions,

deletions andzmodifi%%fgga%%w?% A éﬂies&l?e%ﬁgeb%%{ﬁ%ﬂo‘f"?& fRlls o

within the meaning and scope of the claims are to be embraced thereby. 138
CLAIMSPyrandugianshadas af wispstaietsr dFagNrBER) Baaigdate pptioned at an

subjectfrasmn drha)sd faseledica GRS ML @HEte,IRE stlaast partially
removing anesthetic from gases exhaled by the subject;
20 3. The system of claim 2, wherein the at least one valve is positioned at an
end of the bypass conduit most proximate to a subject with which the system may be

used.

4. The system of claim 1, further comprising:

25 amask in communication with the bypass conduit.

5. A respiratory system, comprising:
a breathing circuit;
an anesthetic reversal system adapted to remove anesthetic from the breathing circuit
30  and to minimize or eliminate the reintroduction of anesthetic into the breathing circuit,
the anesthetic reversal system including a rebreathing component for creating an above

normal level of CO; for receiving exhaled gases from a subject; and
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a C02level-elevating component for causing the subject to inhale gases

including an above-normal amount of CO2; and 10 a selective restrictor for
causing: exhaled gases to bypass the filter and enter the CO2 level-elevating
component; and inhaled gases to be drawn from the CO2 level-elevating
component and through the filter. 15 2. The system of claim 1, wherein the
selectiygwashiigielcmmpsisatonebypags tordLil ana: arpaid of wrlvesidhiedsiuit for
one valve of I being positioned at d of the ss conduit o

alond a tongt VA e S G P s B S e

the at least omeesthdlie isvousitionethat an end of the bypass conduit most
proximate to a subject with which the system may be used. 4. The system of
claim 1, further comprising; 25 a mask in communication with the bypass
conduit. 5. AfespirdeiVeSPEreRy BHRBRIAEMS 0 HhISIAGEi R IEhip clement
anestraﬁﬁlgaharsawmam@d&nladﬂ@dmﬂwelﬁnesthet|c from the breathing
circuit 3 and t Rimize or ellmlntate the reintroduct on of nestheté: tp

e b S b S Al SRy BT
component fmmammrant@bowtrmmwleﬁ@lsmm@? g@ﬂesenm\ﬁngnmsﬁated
gases from aré\;g%gpg Q&q 19 a switching element positioned along a length

of or at an end of the breathlng circuit for facilitating selective communication
béﬁmeéﬁ??@ﬁ%’é{ﬁ%df&tr&ﬁ“éﬁ&]ﬂ% ObFrSBRHIRNY %Vér%lé’l“gy}gﬁe‘?ﬁaﬁ’@gfﬁéuu and
respiratory syisteim akplaivp givbeniatathriswilahing element reanfiguiesa.
switch configured to be oriented in: a first position that allows respiratory

gases to flow substantially unimpeded along the breathing circuit but restricts
flow of respirdtory gilseyittm tHelameSthditceirehersalsdystemyand $8tem further
second,pRsition that restricts flow of respiratory gases along the breathing

circuit and .
15  afilter, wherein

ng the

a CO;, level-elevating component comprising the rebreathing component is located

distally relative to the filter.

8. The system of claim 7, wherein the filter removes anesthetic at least

20  from gases to be inhaled by a subject.

9. The system of claim 7, wherein the CO; level-elevating component

comprises a rebreathing component configured to receive gases exhaled by a subject.

25 10. The system of claim 7, wherein the anesthetic reversal system further
includes:
a selective restrictor for causing:
exhaled gases to bypass the filter and enter the CO; level-elevating component;
and
30 inhaled gases to flow from the CO, level-elevating component and through the

filter.
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directs respiratory gases into and through the anesthetic reversal system. 7.
The system of claim 5, wherein the anesthetic reversal system further
includes: 15 a filter, wherein a CO2 level-elevating component comprising the
rebreathing component is located distally relative to the filter. 8. The system
of claim 7, wherein the filter removes anesthetic at least 20 from gases to be
inhaled by a subject?.sy$iensystennof @laimsrédinwiieyabe e restrictor comprises a

CO2leyelclevaing componer vgﬁl%“péﬁ%ssta L%bvﬁ?é“hif;@é:m}“ QeMositioned at an
configu?’@& fo receive gases exha ed ‘by a subject. 2510 The systge?n ot

claim 2pd/hevieEbthes aemstieticaleve sskhgifsed thfbstbrss dpredudes: a selective
restrictor for causing: exhaled gases to bypass the filter and enter the CO2
level-elevating component; and 30 inhaled gases to flow from the CO2
level-elevating component and through the filter. 20 11. The system of claim

10, wherein the selective restrictor comprises a bypass conduit and a pair of
valves, at least one valve of the pair being positioned at an end of the

bypass conduit or along a length of the bypass conduit. 21
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