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Anaesthetic  Circuits=Review Study

-Dy. C. P. Shrivastava

Introduction

The maodern anaesthasia machine is usvally equipped with calibrated retamoetey
and accuraic vapourisers ta order to supply kinown volume and Concentration of Oxygeon
and inhalational anaesthetic agents. This concentration of agents may be atiended o1 rasdi-
fied by tvpe of civeult they are passed through, from the machine to the patient. Any rise in
carbon dioxidz (COL) tevel in the circuit resulis in fall of inspired oxygen concenuailion,

Sa the anzesthetic circuits should be and have beecn made (o mainlaia corect
conceniration of different anaesthetic agents used and oxygen. But many iimes 1 s foung
that valves and conducting rubbher tubings are arrangad to anaestheiist’'s convenience

rather than funciional reasoas, Whatever may be the cause of such arangeimenis,
breathing {snacstheiic) circuits have baen classified by meny authors in their cwn way a3
according 1o Dorvsch and Dorsch A favouritc jast time among  anacsthesiclogists hao

iication of breathing systern and the result hes been hapeoiessly coniused

been i

ferminciogy’.

. .

Classifications and thetr descripitons

Moni of the anassthesiologis

3 in thelr clagsificatlon of breathing anaest
A the terms open, seminpes, semiclssed and elosed and vet the seme terms

Circuits hove U3c

have boon deiinod very difforontly by different aneosthieiisis,
fai then all of cireuits are preparnd, giving coonomy  of  anaesthetic gas and

miniragin robreathing the highest priority,

Fieye how T wauld fike 1o prezent

e exsting ciassifications of Dreathing
ciicuins by different authors {anacethesinlogisie)
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Dripps, Vatdam & Eclinsholf in thelr classitication of anazsthetic circuits have
categarised them in five different types  depending on presence or ahsenca of
L. Ressrvoir bar in the breathing cirguit

2o Rehieatning of exheled gas

3. Cerbon dioxide absorber

4 Diractions! valve in the Gircuits,

According i these authors, following are the iypes of anazsihaiio circuits
o Insuii'stion  in (his system oxygen and anaesthetic gases are supnlied  directly ta

eatient’s mouth This cysten bas no reservoir bag or absorber.
-

2. Basn- An this type circuit oxygen and  anaesthetic goses are supplied by an

anasstinetic machine (including intermitient tvpe)  with non-rebreatning valve

“cithe exhaled gas to atmosphere). Resorvoir bag may of may not be
presen: nnd Kas no Co . absorbar.

Inihis system sxhaled cas partially escapes (0 atmosphere and

3. Semin
partialiy enters into the inspiratory tubz which may be re breathed. There is no
CO. absorber rebreathing depands on flow of fiesh gas. Reservoir bag and
velve moy or moy not be present e. g open diop, Maegill Ayre's ‘T piece.

A Semiciosed- In tiis system COa. absorber is used. Reservoir bag and valve are
Reesent. Frhaled gas is partiy tost into atmosphere and partly mixes up with fresh

5. Clesed  Hare 2 CO, absorber is used. Exhaled gas is fuily rebreathied raservoir

a

ré used, e. g. To-&-fro circle.

The whole thing can be charted as foliows

Tynes of Circuit Resear- Rebrea - (O Oirecitio-
voir Bag | thing absor= | g
ber valve
l. Insufilation No Least No No
2. Open Demand No [ Minimal No Two
Non-rebreathing Yes Mirimal No Two
3 Semiopen
Opendrop I Mo Partial No More
T picce i No Partial Mo More
Magill Yes Partial l Yes Two
4. Semiclosed Yes Partial . Yes Two
5. Closed !
To & fro | Yes Complete Yes . None
Circle Yes Complete Yes Two
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of recorvoly bag and rabreathing. Following chart shows Moyer's
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Syhich has divided it inte four varieties depending on
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Coiling, in his clossification has shown four tyvpes  of  classification. o Fi

sification he defined

Oparn cheeit- As ciicult whers anasthetic vapour is given (o paticnt with ihe help

O aSOspneic sapirniory passage has  access (o atmosphere  during

inspiration and expiratian. Thare ie no reservoir bag and no tob wreathing as wall,

Serrlopen- In ihiz patient’s resniratory svstem s open (o o nosthicre both duiing
inepiration  and expivation. Tho reservolr s also open to atmosphera and
iechnicaily there is no rebreathing. Ancesthetic gas or  vapour is  carrisd by

atmasgheric atr.

Semind ed As o cireuit in which patient’s respiratory tract is closed to atmosphiere
during divation but open to atmosphere during expiration. Reservalr basg e

nsi g
present and it does not communicate with atmosphare.

Slosed- In this system there is no escape of anaesthetic vopourz or cases 1o
tmosphere. Respiratory tract is not open to atmosphete either an ingpiration oy

on gxpiration. Reservoir bag is present and there is fuil rebreathing,

Callin’s classification is shown in brief in [ollowing chart.

Circuits Heser- | Rebrea- insp- Expira
VoIir thing iration tion
Open No No Yes Yes
Semiopen Yes No Yes Yes
Semiclosed l Yes ro No Yeg

Closed } Yes Yes full No Na

~53_



D) Adriane has simitarly divided breathing clrcuits into -

Insufilation

Semiciosed <Rebreathmq

Open Vapourisation {
Nop- rebreathing %

1

i

f

£} Hall, in Wright's veterinary anaesthesia has described  the anaesthetic circUits g
stown in following chart.

| Circuits
Open

Sami Open
Semij-Closed
a. Withocut COs

Reservoir Bag Febroathing

A e

No Mo
No Partial

e e e e s

|

{

|

i

|

Yes | Partial %
3

1

ahsorber
b, With CO,

absarbor Yes Partial
! Cloaod | Yes : Com

FY WMo Motan in 1931 in Journgl of American Astoc. MNurse  Anaesthoetist ciassified
gnaesihetic circuits es

Cirouits
. ]
Cipan : |
Somiclosard ! Fatial rebresihing i
Closed i fowal e L o1 nhrr ] *

ilication-

&7 O M. Conway’s cl

Conway alio

oIsTalsP f-:m‘niog:er:, miasad and closed

&f

classification of circnits. This claszifjeation is acconted most widsly by o

[
cisis foy purpose of desoription and teaching nH ot



(ONWays slassification allows rigid definition under any given condition though
jyohaviour of many cireuits can be sltered by small change in circull  arangemont o
fresh gas Tlow His cirenits are -

(aen Cpen circuit has been described a5 a circuit with infinite boundaries wiih no
postriction or contic) over frest gas supply. So there is no contol  over concentiation
of inspired anaesthotic gas or vapour. There is no rebreathing and inepired gas
containg the administered anaesthetic vapoaur and atmospheric air, Se the inspived
concentration of anagsibeiics s not amenable 1o simple mathematical analysis.
pxamples of this being - &} when yolatile liquids are administered in an  open drop
fashion on & mask held inches away {rom patient’s face or  b) anaesthetic gases
neing delivered from mask of tube which are held quite away from patient’s Tase.

Qpen Semi-open

Semi-open This is partially bounded circuit with some restriction or conirol over fresh
gas supply. The simplest oxample of this circuit being gauge covered Schimmelbusch
mask closely applied to patient’'s face (amount of rehreathing in  this circuit
depends on thickness of material used on mask). As air is 1he vapourising cas in this
sircuit, high congentration of Ether {this is commonest agent used) may be achievad
undor mask and & reduction of inspired Oxygen may also occur. The hypoxia which
may thus be produced can be redused by administration of a stream of oxygen through
a nasal catheter passed beneath the mask, This  besides  enriching  inspied oxygen
witl aleo mask and reduce rebreathing.

Clased - This is a fully bounded circuit without any provision of gas overflow, Thore is
somplete rebresthing in this type of circuit. Though this circuil had baen in use since
middle of nineizenth century but its safe, conwolled and regular use become possisle
only after introduction of CCa absorber (i, o~ in 1915 by Jackzon & in 3923 by
Waters).



Thare are twa basic type:s of closcd civcuiis with COs ab:®orhey in .
i. To & fro system
. Circle system

To & fro system of Caonway's closed circuit was introduced by Waters &  thore is np
unidirectional valve in this, The patient breaths to &-fro from a2 reservoit Deg &
through & circuit containing Oz absarber. Frash gas is supplied near patient’s mouth,
The reservoir bag is kept away from absorber by using 2 small hosg pipe but the
abisoiber has to be nearer to patient.

Hose Fresh gas How
Y

T L

e ey ey

P
g T ;
L-X.ii_ﬂ,f' -

A

R. Bag Fipe Canisier Mask

To & fro system {From Sc. of faundation of Anaestheaia 1974)
Y

The circle systam was first introdued by Sword (1¥206). In this circle the directicn of
gas flow is controlled by two unidirectional valves, so that the expired gas passes
thiough absoiber o reservolt bag and then ta the patient. There are various
arrangements of circle system depending on site of fresh yas Tlow, pnicirectional valve,
expiratory valver, reservoir bag and CCOx absorber. this arrangemont is of mare
importance when this circuit may have to b2 used as  szmiclosed ong, bot i fully
closed circuit with basal fresh gas flow it is not very sigatlicant,

R. bay CO: abzorbey Velve {unidirectioneal, Wnsp.)
\ .
Y ‘{Y N
e “". ot e ) i
. ST A N
N et Ve e
i3 ~ — - e S
A A S -,
| : l |
Ex. Valve Vapourissar Ex. valve Mask
Vaive (Uniciections! Dxp}

Circle system {from Scientific Foundation of Annesthesia- 1974
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Anather importsnt factor in closed circuit is position of vapourisers used. The main
reasons for use of this circuit were economy of fresh gas, consetvation of  waler
yapour and Yimitation of fire hazard are out of which economy of fresh gas being the
most imporiant ene.

The basic principle of closed circuit of anaesthesia is that at equiliibriam
{(petween) there is no net exchange of anaesthetic agent between the patient anc
ambient atmaspherc. Thus after reaching a state of  equillibrium anaesthesis
can theoretically be maintained for indefinite peried by simply providing a supply of
oxygen to meet patient’s basal requirement and efficient absorption of caiben diexide.
Under this condition no additional anacsthetic agent has to be added to Fresh gas
supply-

But in practice even with the most insoluble anaes thetic vapour
it it takes few hours to reach a state of equillibrivum  between inspired and alvecolat
concentration i even after attainment of equillibrium alveolar concentration can
he attended with the change of respiratory patterns and with small change i
proportion of gases which may be added to the circuit iii) the uptake or cxcretion
of any component of mixture of gases from the circuit wilh efer the wholc thing
again,

Thus thowugh the Tully closed circuit is supposed to require. Gnly basal
axygqen flow, it is not possihle to maintain, but yet this circuit needs wvery low gas
flow and minimal volatile anaesthetic agents, hence this circuit is believed to be the
most economical one.

For these reasons circle -systern and to & fro system are comtnonly used
as semiclosed system rather than fully ciosed one and in this semiclosed system it
requires fresh gas flow more than basal and minimum amount of anaesthetic agent
0y agents

Samiclosed- M. Conway's semiclosed circuit is of three types.
i) Re-breathing

ity Semictosed with COg absorber
i) Non rebreathing

i1 Semiclosed rebreathing is divided by Mapeison as A, B, C, D, Eelc. This has

heen very widely accepted.
YThe Magills (or Mapelson's A) -

During spontanecus ventilation rebreathing in this ¢an be prevented by refatively
smaller amount of frash gas. According to Mapelson amount of fresh gas equal
to that of alveolar ventilation should be enocugh to prevent rebreathing how-
ever ia practice he advised a fresh gas flow equal to the minute volume of
patient, but again Kain & Nun (1968) show that 7190 total minute volume is
enough to prevent rebreathing.
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Fresh Gas Flow E R DR

A \

Mapalson- A
Sp. Vent - 1 X MV
Asst. T - 2-25X MV

Fresh Gas Fiow

Mapelson- B
Sp.V - X MV
Asst. V- X MV

During controlled ventilation the Mepelson A show a different pattern, In ordet
to ventiilate a patient, expliatory valve opening pressure has to be increased
and the venting of gas occurs during inspiration, during expiration alveolar gas
is retained in the tubos and this alveolar gas is the first component of gas
delivered to patient during inspiration, when the pressure during manual or
mechanical ventilation is raised high enough to open the wvalve a mixture of
expired (Dead space -i- alvealar gases) and fresh gas goees out. So thereis
marked- rebreathing. And this can be reduced only by increasing Tidal volume
or by increasing fresh gas flow nearly 2 25 times the normal minute volume.

[n circuit B, C, D fresh gas is supplied close to the patient's
mouth which looks gquite beneficial but are not as good as Mapelson A when
the patient is on spontaneous ventilation.

In ‘B’ there is a closed l{imb unflushed by fresh, the tubhe can also
be or act as a part reservoif. During expifation fresh and expired gas flow into
reservoir and a mixture of fresh gas and alveolar gas goes out whaen the valve is
opened. During inspiration the patient receives fresh gas from machine and

—58-
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mixture of fresh gas -1+ alveolar gas from reservoir bag. To prevent this

rebreathing fresh gas flow greater than twice the minute velume is required.

In 'C" the tube length is reduced to Zero thus the volume of
reservoir is reduced and the fresh gas mixed throughly wiih expired gss. 5S¢
when rebreathing occurs CO,; buitd up is at slower rate than in B.

In ‘D’ botih the fresh gas and expired gas flow back aleng the
tubing in the bag then out through the wvalve during expiraiion. During
inspiration the patient therefore receives fresh gas from the machine and
alveolar and fresh mixed gas from tubing. This rebreathing can be prevented
by administering fresh gas twice the minute volume of paticnt.

During controlled ventilation B & C behaves in same way as in
spontaneous. Rebreathing is slightly reduced as fresh gas accumulates near
patient-end during expiratory pause. But this less marked due to ebsence of
rubber tubing in 'C’.

Q.
e [
-~ \mh7kﬁ_“__)LJ r

Y S —
S )
PN
Mepelson- C
Sp.V - 23 MV
Asst. V - 2-3 X MV
.1,__‘-\ J ‘\ _ﬂ)

Mapelson-- D
Sp.V. - 1-5-2 MV
Asst. V - 70ml -100ml/kg
minute vo!.

In D during controlled wventilation all the fresh gas input is
supplied to patient theie is much less rebreathing than in B & C. Fresh gas
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flow reguirement is also very fow. i, e. 70 160 mlskg is said to encuah
maintain & PCO; between 40 & 36, ;

In order of merit the circuit are but as shown below clur @
spontaneous and assisted ventilatian,

Spontaneous vent, Assisted vent,
A D
(] 24
C ¢
B A

in Mapelsan’s E circuit, he used a valvelese Ayres  (Phillips  Ayf
in 1973) 'T" piece. During expiration fresh gas and expired gas from patied
flow down to expiratory limb. Duting expiratary pause fresh gas occtumulates ;8
patient’s end of ‘T' piece. During inspiration gas is drawn from fresh 9
supply and also from expiratory limb,

Now if fresh gas flow is more than peak inspiratory flow rate thg
anly all included gas will be frash gas, So according to Mapelson fresh gl
flow of three times the minute volume is required to inhibit gas from expirato
limb to be rebreathed butin practice 2-25 times is usually sufficient 1o prevend
rebreathing. :

Controlled ventilation in circuit is produced by intermitienf
occulsion of expiratory limb. As there is no reservoir bag and minute volum
should be related 10 fresh gas flow and inspiratory expiratory ratio.

S ;’T\\L.__\ T N —ﬁ
T T “J_h—_m) \\_\ LL\_//L_*L\hl\S\ !

Mapelson- E Jackson-Ree's Modification of M~E

Modification of Mapelson’s E has been done by Jackson-Ree bl
adding a open tailed reservoir bag to expiratory Himb. The function reamaing
unaltered provided the length of tube is more than tidal velume batient, This i
sametimes called Mapelson F,

ii}  Semiclosed circuit with CO5 absorber- :
Increasing fresh gas flow to a closed circuit above basal level and letting ouf

the alveolar air from it converts a ¢losed circuit into semiclosed circuit withg
absorber.
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In this circult for inspired atmosphere to be simifar to fresh gas
flow, it is preferrable that all the atveolar air be vented out from the circult
under these candition use of scdalime wilt be minimal. This occuis if the
overflow valve is kept, close to patient and fresh, gas entry should be between
inspiratory unidirectional valve and absorber, and reservoir bag between
absorber and expiratory unidirectionat valve.

Overflow valve

Exp. Vaive TNy E:] G———= [nsp, Valve
(@ | COy absorber

Raservoir bag

{From Sc. Foundation of Anaesthesia 1974)

Semiclosed non-rebreathing- These circuits contain some form of non-
rebreathing valves close to patient. These wvalves can be used in any of
Mapelson”ABC circuits by replacing the expiratory valve.

n ideal condition a non-rebreathing circuit will have full control
over the inspired gas when it is equal to minute volume.

During spontaneous veniilation with non-rebreathing circuit
serious dysfunction can occur even if there is small discrepency between fresh
gas flowiand patients minute volume. If FGF is inadequate there will be
depletion of inspiratory reservoir which may finally prevent inspiration similarly
excess ofiFGF will raise pressure in inspiratory reservoit causing the unidirec-
tional valve to gain in inspiratory position of prevent expiration.

So one has to be very careful in using these non-rebreathing or
unidirectional valve. If they have to be used at all slight excss of FGF should
be given with one overflow valve in inspiratory limb which will vent out excess
gas and prevent the rise of pressure inspiratyuory reseruoir.

Besides all these circuits there are a) Bain's circuit-which is a
modification of Mapelson D where fresh gas tubing runs inside the expiratory
limb. These two tubes are made of two different colour, usually the outer one
is white PVC and the inner one is blue. This to recognise any damage in the
inner tube,
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Functionally its simitar to Mapelson D circuit, dysfunction Can‘
occur only if inner tube is broken or damaged This was invented by Bain ang §
Spoerel (1972). This light handy and lengthy enough to keep anacsthetlst away. _':
from operating field and make the operating field less clumsy as there is ro§
seperate fresh gas tube. i

Another is Lakc's which is similar to Mapelson "A" where §
expiratory tube is inside and inspiratory tube is outside. There is difficulty in §
assisted ventilation of patients with this circuit. Functionally ifs similar 1
Mapelson A.

These two are also known as “'Co axial circuits”.
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