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Background: EAR circuit or Enclosed Afferent Reservior
is a circuit modified from the Mapleson A ( Magill ) system.
It can be used effectively in both the control and
spontaneous ventilation mode. The EAR- controlling
ventilation circuit has been studied , however,no study on
the spontaneous ventilation mode has been conducted.
Objective: To find the proper ratio of fresh gas flow (FGF)
to minute ventilation (MV) in the EAR-spontaneous
ventilation mode.

Design: Descriptive study.

Setting: Srinagarind Hospital

Material&Method: We used a hand-made EAR circuit to
test of an artificial lung to produce carbon dioxide (CO,).
While the FGF per MV was gradually reduced from 2 times
to 0.25 times , ETCO, and PI_ CO, obtained from the
capnograph was recorded. The FGF:MV and P | CO, were
calculated to find the proper FGF:MV ratio to produce
rebreathing by the Kain & Nunn and Humphrey criteria.
Results: When decreasing the FGF:MV ratio from 2 times
to 0.25 times, the ETCO, and PI_ CO, increased from
33 mmHg to 97 mmHg and from 0 mmHg to 9 mmHg.
According to the Kain and Nunn criteria, rebreathing
occurred when the FGF:MV ratio was 0.83,while it was
0.42 by the Humphrey criteria.

Conclusion: Our hand-made EAR spontaneous
ventilation circuit in the artificial lung model contributed
to rebreathing when the FGF:MV ratio was 0.83 by the
Kain and Nunn criteria and 0.42 by the Humphrey criteria.
Nevertheless, before recommending this system for use
in patients , further study is required to find the proper
ratio for humans.

105

Srinagarind Med J 2001; 16(2)



MM3ANI%ISu10) Fresh Gas Flow @0 Minule Ventilation e Fresh Gas Requirement of a Hand Made Enclosed Afferent Reservoir Circuit:

Nunn Ha=iAN 042 lunsiiildans Humphrey faztindmyai
"mennqmnmuiﬂﬂ@“ﬂnm"lﬂuuuwmimm:‘ﬂnmmalu
angnaslAsHion iivefiazuAn rebreathing mnmjmm‘luwwﬂ

Key words: Equipment, EAR system, CO, elimination,
Rebreathing.

MHBUATUNTIIBANT 2544; 16(2), 105-110 =

Srinagarind Med I 2001; 16(2), 105-110

uni

Enclosed Afferent Reservoir (EAR) circuit #7® enclosed
Mapleson A system 438 enclosed Magill system vl modified
Mapleson A (Magill} system ‘*7;5?1 enclosed reservoir WAT distal
expiratory valve; Usznausag Mapleson A system # enclosed
Al;u non-distensible structure Img non-distensible structure
hilseznausing 2 daude dauusnidunaasnanainiil
reservoir bag 113338gjne T wazgnfiaeilu coaxial tube
138 parallel tube il one-way valve 39:BEjAE ﬁx‘ig'ﬂﬁ 1
LL@:;LI“'?{ 2

— plastic box
V= one way valve

51 1 uansdalazaainees EAR circuit (1mdAuLA¥a N
Miller and Miller/’

gﬂﬁ 2 URPNANMIUZTAY EAR circuit wﬂsmwwumn
'?mwﬂmw Tneldviasaedne via PVC uazdiesiavia PVC
?luﬁml,ﬁumqusmmd 22 9. inspiratory limb @;}ﬂ’muﬂn
WAY expiratory limb ¥NAINAIUNAIAFNTUIALEUEN

AUENA 1 B u9390En e

106

ATUASUNTII¥ATT 2544; 16(2) e Srinagarind Med J 2001;

HAaNMINMNUYD9 EAR circuit

1. anugldnunuumielaias: seaile release valve
Ieglumwmnisindefige  Swdnnisinaumileutu
Maple son A system wazld fresh gas flow (FGF) winfiulu
Mapleson A system An

- dnanglada: diaeazunelaien fresh gas
/1N enclosed reservoir bag LAY inspiratory limb L‘ﬁﬁzjﬂ@m
Tuansidani one-way valve axilavinle expired gas Tu
expiratory limb Tsindudnlyluden

- Twdaaunglanan: expired gas ANtaAazgnus
elastic recoil waz fresh gas aulaidinlulu expiratory limb &
8& M one-way valve .18 expired gas 8BNRIN9RT U
WReIriu fresh gas azavanlu bag A

2. anzldunuuauANNIswIEla; wAns19an

Mapleson A An

- lugaevngladn: anuedly bag B Anusulunaes
waaRnazgu vl fresh ges Miagflu bag A uAs
inspiratory limb gnlaidinlues whasmu one way valve
o N expired gas 11 expiratory limb Tudnduidnldlu
ian

- lugaamalasan: expired gas AINUBARZYNLI
elastic recoil WAy fresh gas suldluannu expiratory limb
W8T one way valve v ldlunaeaanain o expired
gas muummmmaﬂun@mwmmrfmLL@v bag B W
qummmuluﬂ@mwmmn“lwmww‘lmmﬂmmiﬂ
mumu@@mm expired gas @mﬂﬂzgﬂ’muﬂﬂmd release
valve %SLﬂmQQUﬁadqu

AT EAR circuit ﬁ‘ﬁ'@?m’)'ﬁ Mapleson A A2 luuuyl
mmumimﬂ% FGF 'lel’mv mm"} Mapleson A system
Taeasld FGF iU luwusmaelains ¥l circuit il
ideal breathing system ingzluse@ninwlunisld fresh
gas VVTQLLuumuqumimﬂ‘L@LL@:LLuumﬂ‘me Prnid
wazanuzld Faulani EAR circuit aandanfiunlddne
AnwlTuuiie iy coaxial circle breathing system lu
wuDAaUANNNslanuEie FGF 100 mikg/min wud
Taiflannuuansneiurasua ABG lu breathing system 4

16(2)



winial faugassa uavauy e

Panaratana Ratanasuwan, et al

a84' wardinsAnFauiauny Bain circuit LU
ALANNITVETLA WLFY EAR circuit 1 FGF AnndnTunng
fnwsziu Co, Weliliin rebreathing’ wAsala 1R
m‘immmam‘lﬂuuuumﬂ%Lm AITUATUZEIAEAY
Immmsﬁnmu’mﬂ@mmﬁmwwﬁ@mmmmm fresh gas
flow : minute ventilation (FGF:MV) WLMNW:'&NIMLLUUWEJI@
d‘ d‘ 9 o v o i L}
wanaiaylfindayasenanuntlszgnsfldlunywesalil

(Y] 4
Joguszasn
WaAne wIgmIndiuaes  FGEMY - avnlHidia
rebreathing avielaieasinu EAR circuit Tuilasiie

ad =
IENITIANHI

1 deniiend A nuLaamnann1sAns1eq Chan et
al’ Lﬁ@'ﬁ’mmmﬁémﬁ%mmﬁﬂun&iuﬁn 70 nn. daviann
NeINANARNTEL3NNRS 6,084 ua. @wamalunans
WinfiL 13x13x36 1) NeluLseq test lung (Siemens test
lung 190) fisietlaneidnfiu Bennette 7200 ventiator WAE
Tungaananadinazsievieds CO_ lulfunmu 200 +8 ua/
m'w 1neIn"g calibrate W1 flow meter 1890, AVEINNTUNY
i mmﬁmﬂ’luﬂamwmmmnmmwmlmmnuimﬂ
wmumqmummanamwm@mn breathing system LAY
dead space @:gnm"aL%ﬁund@qwamﬁnmaﬁmﬁ@gjma
fudng  Ysunmennglunaeananapnaziiusauniuaes
umsen meﬁ?ﬁmmmmﬁﬂﬁ@gﬁwdw breathing
system fudamianaziflufaununes anatomical WAy
physiological dead space Lﬁ'mﬂ%@mwmam flow 194 CO2
@:Qnmm%@u%nﬂ;’q N1FIAAN CO, concentration 4 side
stream capnography (Datex-Engstrom type D-VNC 15, Helsinki,
rate of flow sampling 200 N&./47) AiBtd3z19ng
dead space fiU breathing system ﬁ\‘igﬂ‘ﬁ 3

Finlands®,

Variable

Bennetle 7200 deadspace EAR eircuit

Ventilator, 1

I FGF

LT

lemens
{est

lung Datex

g Engstrom
°€ Fan

519 3 wanansregUnsnisine lunmases (HauaY
31311 Chan etal.f

CQp b e

AUATUNTIFANT 2544; 16(2) ®

-nsnageuAuENtTF UV 1RAA CO, 199 temifitn
Tmarﬁ’wumlﬁﬂ@mLﬁﬂymﬂ‘l@‘lumm:ﬁﬂ"ﬂﬂ% breathing
system GReI8R3 16 ATIAaUT CO, production 200 14/
UM WaY dead space(VD) Winffu 150 34 waLfuanAn
tidal volume (VT) @a1n 800 Ua. @ﬂﬂi‘\‘i@“’ 50 WA, A0 300
1A, ANTATinAn ETCO, FE s tidal volume
2. EAR cwcuntw‘lﬂummnmmmnmwmmmnmmm
5 A7 oL Tugauiily enclosed bag U84 Lack system
(Coaxial Mapleson A) one way valve ﬁﬂvﬁlﬂu“nmm 22 .
(Hudson)" 14 syringe 211® 20 N&. Y1l expiratory valve
ﬁqgﬂﬁ‘ 2
3. nsAnM RN SRIEILTRS FGFMY TivnliiAn
rebreathing point
- s desdiaanglaleadag tidal volume
{v) 700 14 [E ratio = 111 V V= 0.4 {280 NQ) Azl
12 m\i/‘mw (Mv=8.4 am/‘mw) uasdl CO, production 200
A /ud mnuuﬂsmm@mmmumm FGF MV /70 2 1in
(16.8 AR5/ANT) ammmmmv 0.25 mwum FGF:MV =1
Win (8.4 BRsANTl antiuan FGFMY asaiaay 0.2 1
wmpFGF:M\/ = 0.25 Wi wdarTusnAN CO, concentration
ﬂm:au@mmw’m%@@ﬂ (End tidal CO concentration,
ETCO2 ) WALAN partial pressure of mmlmum inspired CO
Pl wiéﬁmﬂm CO, concentration ‘muuwnum“ma
~s@ 10mmw'a‘l,m MULmﬁdam@ mwimmnmswmm
uHazANATY 3 ARt AR
- ATl plot graph T,mmmu x 1 FGF:MV
waz Wy iy An CO, concentration Lw'ammammmu
484 FGF:MV ‘VW]’]I‘MLH@ rebreathing ;¥ cntena mu
- Kain and Nunn®Diadfia rebreathing Lllfa]m ETCO
AN AN Gus 0.65 kPa (4.875 N ﬂs@w)
- Humphrey fladnfin rebreathing HaAN Pl CO2
FauanAGudL 025 kPa (1875 M. Usan)

WHan1InNaaod

N1FEUNANIINARDILFAZAY 31U 3 ﬂ%qwu?'j
ﬂ'ﬁ ETCO, waz PI_CO, Haumnseiuluusaza®a
wmmwmmmmmmmu 1 wn.dsan

mmﬂw 4 wosiledSuan tidal volume AN 800 8.
mm\iaw 50 4. AUl tidal volume 7 300 wa. azlden
ETCO, aauann 21w tlsav Lﬂu 76.7 3. san AN
ANAL Imﬂmmm tidal volume RIANGuFUAININALTIHA
mammwmummm ETCO, ¥nN91N13aA tidal volume

wmmwmummﬁ me'mLﬁumammaﬂmmqmmu

107

Srinagarind Med J 2001; 16(2)



MIANMIMIYUTINY Fresh Gas Flow 919 Minute Ventilation Fresh Gas Requircment of a Hand Made Enclosed Afferent Reservoir Circuit:

arldnsnindnenediuduld

mngﬂ*ﬁ 5 wuinilediuandnadaumes FGRMY
AN 2 wh AIHNAUTIN 0.25 win azlfAn ETCO, uaz Pl _CO,
RaA1AIN 33 WAS 0 al 1sam Lﬂu 97 LL@‘” 9 W, ﬂmw
ANNANAL Immmm FGEMY TR BuguAisnndiesl
mmmnwmumm ETCO, uaz PI_CO_ w7 nndnnsan
FGF:MV mmmumumnm mﬂmmﬁum@mm%mm
maﬂuﬁwimﬂmwlﬁu‘im 1aeIAn ETCO, avilmaulaes
uwlasreudneeniile FGF:MV umaqi”mw 1-2 1911 uae
AN Pl CO, axfimauldsuntasreninaiendle ForMy
um@gixmw 0.52 1N

a0
70
x
€
=%
$
B
£
5
g
&
o 40
h-!
]
2%
5
8
g
gzu
z
510
0
20 300 400 500 800 700 800
VT (ml)

517 4 wansanmeaeuAuaNiFresdaniianlunng
R IGT co, Turnizanaaauuuniunelawe nanass
ANTHANNUETZUINIAN ETCO. il tidal volume (VT)

Carsondioxide cancentration (mmHg.)

+
oéf
_Jr

(=]
(=]
~
o
-
o
o)
@

FGF: MV

sﬂw 5 memmﬁuwuﬁi”mwm CO, concentration 11
Fmsdauaes FGFMY Al T EAR cucwt wﬂi“mﬁ’nu
Taenawdui 1 wamar ETCO, (LEUNL) uaz anLﬁuw
2 UAAYAN PIMinCO_ | (1&ulee)

108

Lﬁ@‘l"ﬁ rebreathing criteria "ufm Kain and Nunn W91

”ﬂﬂdl‘ﬂﬂﬂ?’]’d’}u%ﬂ\i FGF:MV ‘VI?JF’H@QT;"MQ’N 0.83 uay

Lﬂﬂl‘ﬂ rebreathing criteria °nﬂ\7 Humphrey WLANRF B9
ARINAIULRY FGFMV V]Nﬂ’l‘ﬂq‘a‘ﬁ,’wl’]\'i 0.42

o130

donfesildlunmaaesivnt ulnetinudnnig
ANNNIANET9 Chan et al’ Aamsld flow 89 CO, #
AaWindy 200 wa /0T Lﬁﬂlﬂluﬂdmwmmﬁnmq
NITUBNIWIA 6 Ans N1eluL9sq bag 2 RRS wmm.lma
WU Cape ventilator (@NABUANNNISAUAS mmmmﬁmm
Bumainiuiinesnain bag) lunasswanasnazmayie
3 CO, TufFunns 200 38409 Lmzmmﬂmﬁlun@'m
narannazgnuanlidiiulnadnanfiogsiuanases
naaewatain  Usuimsniglunasswanamnasiiy
FaunuetTuInILen Lmzlﬁ*mmmmﬁ@ﬁﬂgiwdw
breathing system filtlasiedazidufiunuaes anatomical
uas physiological dead space

Lummnﬂmvmmmmwmﬂmnmmuﬂﬂmm@\11&1
mmLtﬂmmmmﬂmmwmamh Tnafidiudsznaui
wANAN9aINUaniienaed Chan et al.’ Aa

- 4 Bennette 7200 ventilator (mode: volume control
ventilation) Wnt Cape ventilator It test lung An bag 1UA
2 am9 meﬁﬁmauuﬁmmmﬁuimmmmﬂ?{mﬂuﬁq
muaﬂﬂlmulﬁmmﬂn@mmnummﬁmn@mmlﬂ

- naanad RN TG AR UUNFRINSS
nsUan

- UFurmsniglunasananafnvintu 6,084 Na.

fosanildadninresauingesglnsniiiussylundes
WaERAN NN ANEATLIUN ALEHARIAINANY

- flow 994 CO, A TSIt 200 + 8 ua T

ANnnmaeLANANIFIResRENNITI AN
ﬁ'ﬁﬁ‘[ma Chan et al” azl¥iAnwae ETCO, mmwﬂ@m
el unmaaesiitlssann 08 Wianan WA
UAIAIANARITUS ST 9AT ETCO, WazAN tidal volume (V)
mﬂmuuﬂmlﬂmnwmyﬂmﬁﬂmnu

umimuum criteria 784 rebreathing Alunsvinnag
ﬁﬂmﬂauumu@wma criteria (H@9a1NNISANEIENG 7
104 EAR circuit 3inaz 14 criteria 2849 Kain Wae Nu:mJb7 WAy
Humphrey® ’Lummanamﬁtﬁm rebreathing A9YLALUARN
dana criteria fanana wazfaannsansadaladnetnald
Lﬂ?@ﬂ@ﬁﬂﬂﬁi}ﬂﬂ*ﬂmmﬂﬂ?um?uw? wrneinglafinu
e FeLiienvieany criteria WU criteria 194 Kain and

AsuASUNTYMS 2544; 16(2) o Srinagarind Med J 2001; 16(2)



winimi Saugissw uaznogy

¢ Panaratana Ratanasuwan, et al

Nunn Q@A NITDATIAWLNIIE rebreathing TA3andnams
Humphrey” ﬁqﬁmﬁl@mwﬂ@@mﬁmmﬁﬂwma‘ﬁn‘m
mu’Lum’Luuuwmam@n’Lm criteria 984 Kain and Nunn

’Lumﬁ‘ﬂnmm@m@mwmm rebreathing 8114 criteria
484 Kain and Nunn wudnluwuyataaslimalansaziia
rebreathing fleflensdauaes FGRMY B¢j7TU919A1 0.83
eflingeniiilonBrudiousunsdneludenfienlne
Chan et al. ® NAWYINU 0.65 WAz Jennings et al.” HAN
Winfy 0.68 uaziileld criteria 194 Humphrey Wo411u
wwusasslimelaesaziia rebreathing ileilsnadau
89 FGEMV gjsziing 0.42 BefidngenddeBaundion
funsanenludendiening Chan etal. HAwwiniU 0.39
WAz Jennings et al. " HAwindL 033 wiflefansanann
NeRLERIANLAR ST aAn CO, concentration WAz
FRINAIULRY FGFMV vﬂm’mum mmn‘mwmm
am&mmmma\mu mmw@nimm EAR circuit #
ﬂivmmmuummauuﬂummwmCO Fiinannnismnela
imﬂmmmnu EAR circuit w’mumiwm@mmm Chan
Fapndmsdauaes FGEMV i
IﬁL\,mnﬁNﬁﬂuLWi@ n3ANEIeNAaziAanNTiELen
mawmmum“iﬂLmumaémma‘wmmLmnmqnum‘@
graluann  EAR circuit  TlHlunnmMaaedn e
ﬂamwﬁmw’[,umﬁ‘mqm CO, #REiN91 EAR cirout ‘w‘mu
mswm@@wmmmmmmnmwnmqmLLm yanannis
dethafildainmmeaesli Usaiiaures EAR circuit
WAAY LmuiﬂL'Lf?ﬂumﬂunumwimmnmmnmluuuw
WUIERIEIes FGF: MY Tilgumnsinariys

- AM9AN284 Bruce and Soni ¢ luaanadas Tae
1 EAR circuit (Voss) wuLivnglal@s N rebreathing point
AN criteria 284 Kain and Nunn WL91LAA rebreathing e
fRdautes FGF:MV Winfu 0.78-1.0 wazldvinnng
ﬁmsrﬂw:iﬂwﬁmﬁ*ummummulmmwm‘lﬂmeudﬁ
filatl 110 9800 rebreathing Wwanusild FGF winffu
100 N&/NNANTLAN 5 Tefadleld FOF Wil 70 Nay
NNANT. uazAesn 4 :eNfin rebreathing 10Uz FGF
WAL 50 1a/nn AN Fartu Bruce and Soni Az
W4 Far Lﬁﬁﬁuﬁﬁﬁﬂﬂ?mdw gstimated alveolar ventilation
hae MV

- ANIANENANHEUTIABATY Jennings et al. 1nel Barrie
etal.’ Anslulugilsunsaneaauiuumelaies
15 918 19 Ohmeda EAR circuit ¥N8RT&9U289 FGF:MV
el rebreathing criteria U89 Kain and Nunn wud i
rebreathing el% FGRMV 1nnndn 086

et al. LAY Jennings et al.

ATUATUNTYENS 2544; 16(2) e Srinagarind Med J 2001; 16(2)

@T\iﬁumn@”ﬁﬁ%mﬁiﬁmnmsﬁnmﬁiﬂﬂﬁwmﬁ
Iﬂumuwﬂmsmmmnmm@’Lummaumn@u LW@‘V]’Q"’
AN rebreathing point mﬂmmu@?\ﬂuuuw Inel FGF 'Vl

aziiun ldAaslAN NN vsawinty 0.9 Wineee MV

agil

EAR circuit fitlsy mmmmmwﬂmwummmmum
lunsnnan co, ‘Luﬂ@mmawm@mmww%L'a\i
AREIARITL EAR circuit FHlUNIMARDITEY Chan et al.
WAL Jennings et al. LLmlummzmﬁ‘umm rebreathmg ARTIAIU
289 FGF:MV 2gj9s1974 0.83 mmmmmwmw\mmma‘
NARAY m@mmmnmﬂm@mmawLmnm\mu VB
ﬂ?xawﬁm‘wluma‘mqm CO, 783 EAR circuit wﬂamm
Sugoandn mewiinmu EAR circuit wﬂsvmmﬂnuu
aunsom i lfesuazsangn mumuﬂammmwiu
N13MAR Co, I mmnm‘l,umumﬂwammmmum\a

FGF:MV wmmmulmmww’[ﬂmemmma‘mmnm
sialil

fnAnssulszma
NINAZENIINFIALIIAUANY NIARTIGF-UTINT

AN AUZEANLANARST NUIINEIALTDULAL, T LN,

anynl (Fiounes, AU asudng aUNEAWITA, Dr.
wazIAMinNNIAIN
Wydnen AnzunwneAdaT HMNINENAYTBUUTILNN
muw‘mmmmﬂmamummwumLa@@m\amm

Neil Soni., Dr. James Riopelle.,

1BNE15913909

1. g Boweding, qudl LE3NANTIANA . A comparative
study between EAR and coaxial circle breathing system. The
Thai Journal of Anesthesiology 1992;18:140-3.

2. wwiml feugossny, @sade BaweAANA. EAR and Bain
cireuit: MauBeuiaunisnidnanfueulaeantss lunns
fmmmmLmumuaumwm‘h Ime3% capnography. Thai
Journal of Anesthesiology 1939, 25: 104-9.

3. Barrie JR, Beatty PC, Campbell IT, Meakin G, Healy TE. Fresh
gas requirements of an enclosed afferent reservoir breathing
system in anaesthetized, spontaneous breathing adults. British
Journal of Anaesthesia 1993; 70: 468-70.

4. Bruce WE, Soni NC. Preliminary evaluation of the enclosed
Magill breathing system. British Journal of Anaesthesia 1989;
62:144-9.

5. Chan ASH, Bruce WE, Soni N. A comparison of anaesthetic

breathing systems during spontaneous ventilation. An in-vitro

109



MIANHIM TN Fresh Gas Flow @8 Minute Ventilation

® Fresh Gas Requirement of a Hand Made Enclosed Afferent Reservoir Circuit:

110

study using a lung model. Anaesthesia 1989; 44: 194-9.
Humphrey D. The Lack, Magill and Bain anaesthetic breathing
systems:; a direct comparison in spontaneously-breathing
anaesthetized adults. Journal of the Royal Society of Medicine
1982; 75:513-24.

Jennings AD, Michell BC, Beatty PC, Meakin G, Healy TE.

Physical characteristics of an enclosed afferent reservoir
breathing system. British Journal of Anaesthesia 1992; 68:
625-9.

Miller DM, Miller JC. Enclosed afferent reservoir breathing
systems. Description and clinicat evaluation. British Journal of

Anaesthesia 1988; 60: 469-75. @

AUATUNINITANT 2544; 16(2) o Srinagarind Med J 2001; 16(2)





