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During the past 10 yr, there has been a revival of intereA’qjvantages and disadvantages

in low-flow anaesthesia in adult practice. This appears e major advantages of a carbon dioxide absorption
reflect a desire to minimize wastage of expensive VOlati{Echnique were summarized by Waters as reduced loss of
anaesthetic agents and reduce atmospheric pollution. HQyét and moisture, economical use of anaesthetic gases and
ever, paediatric anaesthetists have been more cautious abgifficed operating theatre pollutithlt is also apparent
adopting low-flow methods. The aim of this review is tqhat the use of low-flow anaesthesia promotes greater
examine critically some of the concerns about the use ghderstanding of the function of anaesthetic equipment and
low-flow anaesthesia in infants and children, with a viewhe pharmacokinetics of inhalation anaesth®sithis, and
to encouraging greater use of the method in these patient® extra vigilance required during low-flow anaesthesia,
should benefit patient safety1° The ability to use standard
oo equipment for patients of all ages is a further advantage of
Definitions of low-flow and closed system the jow-flow method. This ability has been enhanced
anaesthesia recently by the development of microprocessor-controlled

White and Baum separately defined low-flow anaesthegfgntilators capable of delivering pre-set fidal volumes to
in terms of the fresh gas flow rate at which a given levél® Ml (€.9. Drger Cicero and Catd}. Disadvantages of

of rebreathing occurs in an absorber system (onset §f low-flow method include reduced ability to predict

rebreathing and rebreathed fraction of 50%, respe'@-Spired oxygen and anaesthetic concentrations and the

tively).3 89 These definitions appear somewhat cumbersorﬂgtem'al for carbon dioxide accumulation in the event of

. . L , soda lime exhaustion.

and fail to specify an exact flow below which ‘low flow o ) .
may be said to occur, as the degree of rebreathing at an ySpgcmc reservauo_n_s of t_he use of low-flow anaesthesia

: : n’children can be divided into concerns about the use of
given .ﬂOW depends on the precise arrangement of t ffcle systemger seand doubts about the feasibility and
breathing _system. Accord_lngly, | suggest that low-flovte fiveness of low-flow methods. The attitude of many
anaesthesia should be defined as the use of a flow rate &sSiatric anaesthetists to circle systems is reflected in the
than the patient’s alveolar ventilation, the latter being t%llowing quotation: ‘They are much bulkier than the
minimum flow required to ensure adequate carbon diOXiqepiece systan . . . andhave greater resistance due to the
elimination during spontaneous or controlled ventilatioBresence of inspiratory and expiratory valves. They are also
with the most efficient non-absorber breathing systerdpmplicated and have a greater potential for incorrect
the enclosed Mapleson &.4° The proposed definition assembly2” Doubt about the practicality of low-flow anaes-
differentiates clearly between high- and low-flow techniquesesia in children is evident in the following: ‘Because of
and is applicable to both paediatric and adult patients. the difficulty in maintaining a leak free breathing system...

Within this rather broad definition, a large number othildren less than 5 years old . . . remain unsuitable
specific techniques are possible, depending on the fresh gasdidates for low-flow anaesthesltd’'Although attitudes
flow chosen. However, it seems likely that the majoappear to be changing, a recent review of breathing systems
advantages of the method are achieved only when the frégh children maintains a bias for non-absorber breathing
gas flow is reduced to 1.0 litre mihor less? ‘Closed Systems?
system anaesthesia’ is a term reserved for a technique in . .
which significant leaks from the breathing system ha/eONCerns about the use of circle systems in
been eliminated and maintenance fresh gas flow is jugildren
sufficient to replace the volume of gas and vapour takeloncerns about the use of circle systems in children seem
up by the patient. to have started with two articles which appeared in the
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Low-flow anaesthesia

HEDCBA  Mately 6 litre mirt should be approximately 2.5 cmy@.”
SRIHCBA  These values suggest that the resistance of the tracheal tube
IHGFCBA in a young infant is at least 10 times that of the circle system.
Anaesthetized infants cope remarkably well with acute
increases in airway resistance, as shown by Graff and
colleagueg® After a moderate increase in airway resistance
IHCBA in 10 anaesthetized infants, there was an immediate increase
CB in the force of breathing, as reflected by oesophageal
pressure, so that tidal and minute volumes were maintained
for the duration of the test (10 min). The speed of the
response suggested a reflex mediated by muscle spindles
in the diaphragm. However, the authors also noted that
Fig 1 Variation in pressure with flow in various parts of a circle systemyantilation was maintained at the cost of a three-fold increase
The arrangement of the circle system is shown in the diagram above iPFthe work of breathing, which could lead eventually to

curves; the letters next to the curves indicate the direction and path of gas . d idosi It of le fati
flow. Three different sets of valves were tested:=SR piece valves; ypercapnia and acidosis as a result of muscle fatigue.

ED=mushroom valves; GFAdriani valves. |H=Flexible tubing; CB=
absorber unit® Apparatus deadspace

. . . ' The response of paediatric patients to an increase in
American I|teratur.e in the early .19503. In the first, Ste.ph paratus deadspace has been investigated by Charlton,
and tS!atir gescnlsetc)i I_ear!y. fat|hg_:1de ' 'b' artﬁ. untfjeswaq_- dahl and Hatcl¥. These authors found that increasing
ugslet n Io y rtne a Oh'.sr;: tlhn ¢ Ittr'int ;e? ng trom athe deadspace produced an immediate increase in end-tidal
'?hut cbzl_rce syls em, V(\j’ ch I_ey attr du edto Fes'z ange fhrbon dioxide concentration in anaesthetized infants and

€ tubing, valves and soda lime, and €xcessive 0eadspafifyran. However, tidal and minute volumes increased by
under the face mask. A shor.t time _Iater, Adriani anq 40-50% over the next 10 min so that end-tidal carbon
Gr;rg];gs no(tje?t th.atlthe btreathmg c3f mfa}Intsl %nagstheﬂzg xide partial pressures returned to baseline values. They
\év' ,an ha} # thcwc ettggste:jn twahs usualy 1a orlouc? aNfloncluded that the short-term ventilatory response to an

eep’ which they attributed to hypercapnia secondary {@. o ,se deadspace was adequate; nevertheless, apparatus

gxcessive deadspace, ineﬁec_tive absprption of carbon di?fé'adspace should be minimized in equipment designed for
ide and k_)reathlng system reS|_staﬁ¢¢e|t_her of these early children and controlled ventilation should be used liberally
reports includes capnographic or acid—base data andin'tinfants

seems likely that their conclusions were based largely on
clinical impression.
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Paediatric circle systems
Resistance to breathing In adapting the circle system for paediatric use, it was

Resistance to breathing during anaesthesia occurs in @jiginally assumed that all components of the apparatus
breathing system and in the tracheal tube. Traditionally, §ould be reduced in proportion to the size of the patient

is measured in terms of the pressure decrease across/th@rder to minimize deadspace and resistéiicBeveral
equipment at a given flow rate. A study by Orkin, Sieg

dniniaturized circle systems were produced, of which the
and Rovenstein revealed that in a typical circle system thie0mquist Paediatric and Ohio Infant Circle Systems are
tubes and absorber have about equal resistance and togdiRgriPly the best know. However, the assumption that

account for about one-third of the total resistance of trnaller valves would result in less resistance proved to be
system (Fig. 153 Three sets of valves tested had practicall) ©TOr, as resistance is inversely proportional to the

the same resistance and accounted for two-thirds of tHigmeter of the valvé? Furthermore, being non-standard

total resistance. Their data indicated that for an averagBParatus, all paediatric circle systems involved a consider-

adult, whose peak flow under anaesthesia is approximatefy/® nuisance factor, requiring complete changeover from
35 litre mirrY, the pressure decrease across the compl ult systems. Although some authors reported favourably

system should be less than 0.75 csOHwhile that across ©" these systems, they did not gain wide acceptance and

the valves should be less than 0.5 crsOH Contrary to a re little used today: .

widely held belief that the resistance imposed by older ) ) ] )

anaesthetic breathing systems was unduly high, these vaif@@tomical and physiological differences

appear to be quite acceptabfd®For an infant of 9 months, The respiratory system of the infant is disadvantaged in
whose peak flow is approximately 10 litre min the various ways compared with that of the adIfThe ribs
pressure decrease across the systems tested by Orkin, Siegthle infant are almost horizontal and contribute very little
and Rovenstein should be less than 0.25 cgOHIn to respiration which is almost entirely diaphragmatic. Also,
contrast, the pressure decrease across a 3.5-mm tractie&infant diaphragm has fewer type | muscle fibres render-
tube in a 3-month-old infant with a peak flow of approxiing it susceptible to fatigu Increased metabolism on a
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weight basis in the infant is reflected in an increase ibeaks in the breathing system

ventilation; but as tidal volume remains relatively constar, ;tine use of uncuffed tracheal tubes for airway mainten-

. " . .
throughout life (7 ml kg’), the increase is caused by an,ce in children is a potential source of leakage from the
increase in ventilatory frequency. This is an inefficient Wa%reathing system. Similarly, leaks may occur in a high

of increasing ventilation as a large proportion of the increa ‘?oportion of cases managed with a laryngeal mask airway
is wasted ventilating respiratory deadspace. The infan Y A). 45

The suggestion that there should be a leak around the

tends t tend atiGAThi lead to atelect Ycheal tube during anaesthesia in children comes from the
enas to occur at end-expirati IS can lead lo atelectasts,, , 1. ¢ Koka and colleague¥, although a link between

agld hypora:/er;nla. tﬁnaesthrezlﬂ/nwthbtracrr\e\?l :jdtzba‘tllornr;])ro xcessive tube size and tracheal stenosis in paediatric
ably aggravates these problems by preventing 1aryngegl;e o undergoing long-term ventilation had been estab-

2:;‘;'236 iggpggf\g ir'psefrzinrl:gir?y \\;\;T:;h infants tend t|shed several years earli&rln a large prospective series,
9 ' ka and colleagues found that 40 of 80 children who

Considerations such as these led Jackson Rees, in 1%%

to recommend the use of controlled ventilation whenevctalgeveIOped post-intubation croup had no leak around the

anaesthesia was required in infafthe rapid ventilatory : i
frequencies and short expiratory times used with h ested that an appropriately sized tube should allow a leak
at,20-25 cm HO. However, it is clear from their results

T-piece technique may also have provided a measure oOf .
positive end-expiratory pressure (PEEP) necessary to coﬁh:]qt the presence of a leak around the tube failed to prevent

. o 0
ter the tendency to atelectasis in infants (Rees, persoﬁcralchp occurring after operation in 50% of the observed

communication). Acceptance of the need for controlled Gpses: .Contrit')uting factprs In these cases incIuQed ”‘f"!Jma
assisted ventilation in infants appears to have occurr@f/ind intubation, coughing on the tube, change in position
much later in the USA (around the mid 1968y’ ©but © the head and prolonged surgery.
with it many of the arguments against the use of circl Ir_‘ my Vview, thg importance of a leak around the tube
systems in paediatric anaesthesia disappeared, and by 194@n9 anaesthesia has been exaggerated; there appears to
the use of adult circle systems with controlled or assistdtf NC Pasis for the commonly held belief that tubes should
ventilation was considered acceptable for patients of ZllOW @ leak in the usual working range 0-20 cmCH
ages®! To this should be added that controlled (rather thefccordingly, my practice is to select the smallest tube
assisted) ventilation is the preferred option in neonatedNich passes easily into the trachea and doetsieak in
indeed, it may be considered mandatory in this agB® Working range. Having used this approach for several
groupl” 44 56 Also, while controlled or assisted ventilationY&a'S: | haye not experienced an increase in problems with
is desirable in infants managed either with a circle systeRStoperative croup.
or a T-piece, spontaneous ventilation is permissible in Recent studies challenge notonly the need for aleak around
children over 1 yr of ag@5° the tube, but the apparent myth that cuffed tubes are contra-
In recent years, the use of an adult circle system fipdicated during anaesthesia in children. Thus, Khalil and
paediatric anaesthesia has become increasingly commoif@{eagues found no correlation between the presence or
the USAL7 64 although most paediatric anaesthetists do ngPsence of a leak at 20-25 cm@® and the severity of
use flow rates less than 2 litre mi?* When using adult Post-intubation croup in 159 healthy children undergoing
circle systems for paediatric patients, connectors should d@aesthesia for strabismus surg€rithine and colleagues
of minimal deadspace and it is advisable to substitudlocated randomly 488 infants and children to undergo
the standard 22-mm breathing tubes with 15-mm flexibigtubation with either a cuffed or an uncuffed tuBeCuff
lightweight plastic tubes (e.g. DAR SpA, 41307, MirandolaPressure was regulated by use of a blow-off device to 25 mm
ltaly) to reduce bulk. In addition, the use of a smalleHd (34 cm HO). They found no difference in the incidence
reservoir bag (800—1000 ml) enables better visual asse@bpostoperative complications, including croup, but there
ment of spontaneous ventilation possible in children ag#@s a significant reduction in the need for repeated laryn-
more than 1 yr. goscopy, lower levels of operating theatre pollution and an
increased ability to use low fresh gas flows in patients man-
] ] ) aged with a cuffed tube. However, areduction in size of 1 mm
Concerns about low-flow techniques in children internal diameter was necessary in order to pass a cuffed
Concerns about the use of low-flow techniques in childregather than an uncuffed tube. The resulting increase in resist-
include the problem posed by leaks in the breathing systeamce could be a disadvantage in smaller children undergoing
questionable economy and the problem of predictimgnaesthesia with spontaneous ventilation.
inspired anaesthetic and oxygen concentrations. Moreln another study, Fidich and colleagues compared
recently, there has been anxiety about the possible accumuiee seal obtained using an uncuffed tracheal tube
tion of degradation products of sevoflurane, a promisirgglected according to the formula: internal diameter
alternative to halothane for paediatric anaesthesia. 16+age (yr)/4 (mm) or a size 2 LMA in 30 children aged

chest wall is also relatively compliant compared with th

be at approximately 25 cmB; accordingly, they sug-
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Table 1 Mean 6p) [range] fresh gas flows used in infants (0-12 months), pregnd gases in pre-school and older children. However, we
school children (1-4 yr) and school-aged children (5-16 yr) managed eitl

r T . .
with an enclosed Mapleson A system or a circle systemP&9.0001 between hf%und no contraindication to using the low-flow teChmque

subgroups managed with the enclosed Mapleson A in infants who may benefit most from conservation of heat
and moisture. As flow requirements for the more commonly
Infants Pre-school School-age . .
0-12 months ~ 1-4 yr 5-16 yr used T-piece systems are at least one-third greater than
(litre min~1) (litre min 1) (litre min %) those for the enclosed Mapleson A system during controlled
o Ag .
Enclosed Mapleson A 1.4 (0.1 2203 3.2 08 ventilation?® it is appargnt that great_er savings would _have
[1.2-1.6] [2.0-2.4] [2.9-3.6] been shown with the circle system in all age groups if one
‘ (n=5) (n=12) (n=20) of the former had been used as our control. Not having to
Circle system [11631(%]4) [019-32(2-]3) [otfl(ng) determine individual fresh gas flows using a complex
(n=10) (=19) (=11) formula was a further advantage of the low-flow method.

. L Predicting volatile anaesthetic concentration
2—6 yr undergoing closed system anaesthesia with controlled ) ) )
ventilation?* Loss of gas from the system was less thahOW-flow anaesthesia, as commonly practised with the
100 ml mirrin 13 (87%) children managed with a trachea\{aporizer outside the circuit, carries the risk of accidental
tube and in 12 (80%) children managed with the LmAunder-dose of volatile anaesthetic if there is failure to
Maximum gas loss was approximately 700 ml mim the appreciate that there may be a significant difference between

tracheal tube group and 350 ml mirin the LMA group. the inspired anaesthetic concentration and the concentration

The authors concluded that airway sealing with both devicg§livered from the vaporizer. The difference between fresh
was adequate to perform low-flow or closed system anad@s concentration and inspired—expired concentrations of

thesia in young children. inhaled anaesthetics is inversely related to the blood solubil-
ity of the individual agents; thus, predictable levels of
Economics of low-flow anaesthesia in children anaesthesia may be achieved and maintained more easily

The question of the economy of low-flow anaesthesia ff '0W-flow rates when the newer, less soluble, volatile
children has been examined in a study from this hosrpqta@naesthetlc agents, desflurane and sevoflurane, aréied.

We measured consumption of isoflurane and fresh gas flol/a€ Use of volatile agent monitors permits precise control
in 77 infants and children aged 1 month—16 yr during 2@f the inspired anaesthetic concentration and is regarded as

all-day operating lists. Patients were allocated to recei\r/‘éandatorx when fresh gas flows of less than 1 litre Thin
anaesthesia with controlled ventilation using an enclos@f€ used-* _ N

Mapleson A system (MIE Carden ‘Ventmasta’, A mode) or 1here is little information on the predictability of anaes-
an adult circle system modified as described above. Frdbgtic concentrations during low-flow anaesthesia in chil-
gas flows for the enclosed Mapleson A system were detd¥ren. In a recent study at this hospital, 40 healthy children
mined by the formulaVF=0.6xvweight (kg) litre mirrl, Were randomized for maintenance of anaesthesia of short
approximating to normal alveolar ventilatiérf® Fresh gas duration with sevoflurane or halothane using a low-flow
flow for the circle system was initially set at 3 litre min techniquet’ Induction of anaesthesia was with 33% oxygen
for 5 min, followed by 1.5 litre mint for a further 5 min 6 litre mirm? in nitrous oxide and either 8% sevoflurane or

before being reduced to a maintenance flow of 0.8 Iit@% halothane. After intubation, inspired concentrations
min-%. The initial periods of high flow were necessary tyvere reduced to 4% and 2%, respectively. In the operating
denitrogenate the system and to ensure adequate uptakto8fm, patients were connected to a circle system with a
anaesthetic gas and vap8uf” they were taken into fresh gas flow of 6 litre mimt until the ratio of the expired
account when calculating the mean fresh gas flows for tR8d inspired anaesthetic concentratioRs/E1) was 0.8; at
circle system. this point fresh gas flow was reduced to 0.6 litre ThifFe

The mean consumption rate of isoflurane for the enclos@fid FI were then measured for another 20 min.
Mapleson A group was 11.1 g-hwhile that of the circle Mean time to low-flow in patients who received sevoflur-
system group was 4.7 g'h a saving of 58% with the ane was 1.7 min while the time to low-flow for patients
circle. Mean fresh gas flow for the enclosed Mapleson Who received halothane was 2.8 min. After flow reduction,
group was 2.6 litre mirt compared with 1.2 litre mid for there was an initial rapid decline in sevoflurane concentra-
the circle group, a saving of 54% with the circle. Wheition followed by a very gradual increase (Fig)2Halothane
mean fresh gas flows were stratified by age, the percentag#icentration declined initially and then continued to decline
saving with the circle was less in infants than those fdéo 20 min (Fig. 3). These results suggest that the end of
pre-school and school-aged children (14% 45% and the initial rapid increase ifre/Fi (signified byFe/Fi=0.8)
59%), reflecting the fact that flow rates for the encloseid an appropriate end-point to institute flow reduction with
Mapleson A increased with age (Table 1). Under thgevoflurane, which may therefore be regarded as a suitable
conditions of the study, the use of low-flow anaesthes&gent for low-flow anaesthesia of short duration. In contrast,
resulted in substantial savings in volatile anaesthetic vapdbe progressive decline in halothane concentration after
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49 A Table 2 Oxygen (Q) and nitrous oxide (BD) flowmeter settings for use with
:\o‘ low-flow anaesthesia in paediatric patients. The flowmeter settings were
° . calculated to provide aRig, of 0.33 with total fresh gas flowd/€) of 1000 ml
5 31 mintor 600 ml mirrt baseé on the upper limit of each weight range. Percentage
S oxygen concentration is provided for use with machines fitted with fresh gas
"c>'> o - mixing valves. All values are approximate
3 2
% Flowmeter Flowmeter
=2 14 settings settings
S for VE for VE
& 1000 mi mit 600 ml min-t
0 T T T 1
0 5 10 15 20 Age group Wt (kg) O, Air O,(%) O, Air 0,(%)
Time (min)
2= B Infants € 1 yr) 3-10 400 600 40 250 350 40
Children (1-12 yr) 11-40 450 550 45 300 300 50
9 Adolescents ¥ 12yr)  41-70 500 500 50 350 250 60
)
c
(1]
=
o .| . . .
g 1 in the desired ratio and added to the calculated oxygen
g consumption to give the final flowmeter settings. The
by following formula was used to facilitate calculation of the
i oxygen flowmeter setting:
c T T 1 1 . . . .
0 5 0 13 20 Vo, = Vo, + (VFV0y,) X Fio, )
Time (min)

where Vro,=oxygen flowmeter settingVo,=calculated
oxygen consumptiony/F=total fresh gas flow; anéio, =
desired inspired oxygen concentration.

ion indi ianifi Ui The nitr xide flowmeter setting was then

ﬂzlvg%d;cnon indicates significant continuing uptake afte(gbtaiﬁed tb?/ussugtrgcgin;theeotiygseer;[th(%//vF(n'%ze()t)er setting from
These results are in agreement with the analysis of Lme total fresh gas flow:
and colleague8 41 which emphasizes that the initial rapid VFns0 =\'/|-_\'/F02 2)
rate of increase inFe/FI ratio demonstrated by Egér
reflects mainly FRC washin and not uptake of anaestheticUsing this method, reliable guidelines for the control of
by the blood. According to Lin and colleagues, body uptak&xygen concentration with flow rates less than 1.0 litretin
of anaesthetic agents should be maximal after the wasMigre drawn up for use in adutt®’”; however, no comparable
phase is complete; this will clearly have a greater impagpidelines have been published for paediatric patients. Table 2
on a relatively soluble agent such as halothane than gows oxygen and nitrous oxide flowmeter settings calculated
sevoflurane. In practice, the satisfactory performance #%pm the above formulae to provide a minimiiy, of 0.33
low-flow anaesthesia with moderately soluble anaesthelitthree groups of paediatric patients (infants, children and
agents such as halothane, enflurane or isoflurane, requitdglescents)withtotal fresh gas flows of 1000 or 600 mttnin
a fairly long initial period of high flow (approximately ~©OXygen consumption was calculated from body weight
15-20 min) together with a significant increase in thésing a modified version of Brody’s form@I&”.
vaporizer setting gfter flow reduction (60-130%8f This Vo, =10xwi(kg)®7® 3)
being the case, it is clear that any subsequent change from
low to high flow may result in serious overdose unless The flowmeter settings shown in Table 2 have been
accompanied by a reduction in the vaporizer setting.  rounded to 50 ml, being the usual limit of accuracy of the
) ) _ fine flow tubes used in clinical practice. In most cases this

Oxygen concentration during low-flow anaesthesia pas resulted in increased oxygen flows, but where oxygen
During low-flow anaesthesia, using a mixture of gases, #lows were decreased, this did not exceed 10 ml or 3% of
allowance must be made for the amount of oxygen consumtge calculated setting. Percentage oxygen concentration has
by the patient when calculating maintenance fresh gakso been calculated for use with machines fitted with fresh
settings. Failure to do this may result in unacceptably logas mixing valves (e.g. Dger Julian). In practice, fresh
levels of oxygen in the inspired gas (%o, <0.3}*and gas flows of both 1000 and 600 ml mircan be used
possibly lead to oxygen desaturation. Foldes, Cervaolo asatisfactorily in paediatric patients, although the use of the
Carpenter'®® solution to this problem was to calculate théower flow provides less room for error in setting the flow-
oxygen consumption of the patient and subtract this frometers. For reasons of safety, it is a requirement that
the desired fresh gas flow. The remainder of the fresh gag,, and Sao, are monitored continuously when fresh gas
flow was then divided between nitrous oxide and oxygeitow is reduced to 1 litre mitt or less?® Fresh gas flows

Fig 2 Variation in mean $p) end-tidal concentrations of sevoflurang (
and halothanes with time after flow reductiort!
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Table 3 Qxygen (Q)_ a_nd air_ flowmeter settings for use with low-flow high fresh gas flow of 4—6 litre mif. Thereatfter, flow rate
anaesthesia in paediatric patients. The flowmeter settings are calculated t d d to 600 | it which lculated
provide anFio, of 0.33 with total fresh gas flowsV) of 1000 i mirlt Was reduced to mi miwhich was calculaied as
or 600 ml min! based on the upper limit of each weight range. Percentad®llows: the infant’s oxygen consumption was set at 60 ml
oxygen concentration is provided for use with machines fitted with fresh 9agin-1 and the remaining fresh gas flow of 540 m| was split

mixing valves. All values are approximate . . . .
9 PP into 180 ml mirr* of oxygen and 360 ml mir of nitrous

Flowmeter Flowmeter oxide or, 90 ml min*of oxygen and 450 ml mirt of air,
settings settings to ensure a minimunirig, of 0.33. (The theoretical basis
for VF for VF . 2 . .
1000 ml mirt 600 ml min-L for these calculations has been outlined above; the resulting
flowmeter settings are similar to those shown for infants in
Age group Wt (kg) O, Air 0,(%) O, Air 0,(%) Tables 2 and 3.) Duration of mechanical ventilation was
60 (30-115) min during which medf, remained greater
Infants 1 yr) 3-10 200 800 40 150 450 40 han 0.33 0.32-0.49) in all 2t' s O f
Children (1-12 yr) 11-40 300 700 45 250 350 50  than 0.33 (range 0.32-0.49) in all patients. Oxygen flow
Adolescents¥ 12yr) ~ 41-70 350 650 50 300 300 60 was increased in two infants with a post-conceptual age

<31 weeks because @&, <95%; no increase in fresh
gas flow was required to maintain the volume of the system.
should be adjusted, if necessary, to maintain acceptalilee authors concluded that low-flow anaesthesia was a safe
Fio, and Sz, levels. technique in infants providing oxygen consumption of the
Occasionally, air may be preferred to nitrous oxide aspmtients was taken into account when calculating fresh
carrier gas for oxygen administered with or without gas flow.
volatile anaesthetic agent. Air is indicated relatively often ) L
in infants as bowel distension caused by nitrous oxide ciffgradation of sevoflurane by carbon dioxide
exacerbate surgical difficulty during abdominal closure arfPsorbents
premature and sick neonates may not tolerate the depres3drg use of sevoflurane in low-flow systems has been the
effects of nitrous oxide on the hedftIn older children subject of controversy following the demonstration that a
and adults, air may be used similarly to avoid distensidireakdown product, fluoromethyl-2,2-difluoro-1-(trifluoro-
of air-containing cavities, or simply to avoid denitro-methyl) vinyl ether (compound A), formed by a reaction
genatiorf® In calculating the flowmeter settings of air andvith carbon dioxide absorbents, is nephrotoxic in rats. The
oxygen for a giverFig, during low-flow anaesthesia, it is concentration of compound A found in absorber breathing
probably simplest to start by calculating the air flowmetesystems increases with decrease in gas flow, increased
setting from the known amount of pure nitrogen in a mannsevoflurane concentration, increased carbon dioxide produc-
similar to that described for high-flow systetfis tion, increase in absorbent temperature and drying of the
- oy absorbent. These increases are greater with the use of
VFair=(VEV02) X (1-F10,)/0.79 ) barium hydroxide lime (Baralymeg)] than with soda lime.
The flow of oxygen is then obtained by subtraction fromAlthough inhaled concentrations of compound A sufficient
total fresh gas flow: to cause nephrotoxicity in rats (50 ppm) have been found
Vo, =VF-Vey ) QUring low-flow (0.5-1.0 litre mint) sevoflurane anaesthesia
2 ar in humans (67 ppm32 3*they are generally much lower and
Table 3 shows the oxygen and air flowmeter settingbere have been no reports of compound A nephrotoxicity.
required to provide a minimurfig, of 0.33 in three groups Nevertheless, the Food and Drug Administration of the
of paediatric patients with total gas flows of 1000 olSA prohibited the use of sevoflurane in rebreathing
600 ml mirr?. It was constructed using the above formulasystems with flow rates less than 2 litre mif In contrast,
and Brody’s formula for oxygen consumption (3). The errahe Medicines Control Agency of the UK has not considered
associated with rounding flows to 50 ml was similar to that necessary to impose such restrictions.
for Table 2. Again, it is emphasized that fresh gas flows The nephrotoxic potential of sevoflurane in low-flow
should be varied, if necessary, to maintain acceptiide systems is of special concern to paediatric anaesthetists as
and Say, levels. the drug has several physical characteristics (e.g. low
Only one study has addressed the problem of ensuribpod:gas solubility, non-pungent odour) making it attractive
adequate inspired oxygen concentration during low-flofer use in paediatric patients. In a study of 19 infants and
anaesthesia in paediatric patiefit$n this study, 20 infants children undergoing 4 h of sevoflurane anaesthesia with a
weighing 2.2-6.0 kg were anaesthetized using standard fresh gas flow of 2 litre mirt, the mean maximum com-
or inhalation methods; tracheal intubation was facilitatggound A concentration was 5.4 ppm, while the maximum
with neuromuscular blocking agents and ventilation wasoncentration in a single patient was 15 ppnThere was
controlled using a Diger Cicero or Cato ventilator. Anaes-no evidence of abnormal renal or hepatic function up to
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