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ABSTI/ACT 

The oxygen concentration of fresh gas mixtures delivered to a Bain circuit by a Boyle's 
anaesthetic machine equipped with leaking oxygen flowrneters was measured at the common 
gas outlet during free flow and during controlled ventilation of a model lung. The results 
demonstrate that, despite satisfactory oxygen and nitrous oxide rotameter settings, such a 
machine can deliver hypoxic fresh gas mixtures irrespective of whether the leaking flowmeter 
is mounted downstream or upstream. This selective loss of oxygen increases with the size of 
the leak and increases with the back pressure on the flowmeter assembly during controlled 
ventilation. A downstream position of the oxygen flowmetre should not be regarded as 
foolproof. Continuous monitoring of the oxygen concentration of fresh gas mixtures with an 
in-line oxygen analyzer is recommended. 

EGER, e t  al .  t WERE THE FIRST to point out  that 
anaes the t ic  machines  equipped with an ups t r eam 
oxygen  f lowmeter  could deliver a hypoxic  mix- 
ture,  despi te  deceptively sat isfactory f lowmeter  
readings,  should there be a leak in the oxygen  or 
o ther  f lowmeters.  They  suggested that  this 
danger  could be reduced if the oxygen  f lowmeter  
was mounted  in a downs t r eam posit ion im- 
mediately proximal to the outlet  of  the c o m m o n  
collecting chamber .  Since then,  fatal and near- 
fatal acc idents  due to hypoxic  fresh gas mixtures  
delivered by anaesthet ic  machines  equipped with 
an ups t r eam oxygen  f lowmeter  have been re- 
ported.  2-s In 1978 the Canadian Standards  As-  
sociat ion adopted Eger ' s  r ecommenda t ion  6 
which  was endorsed  by the Canadian Anaes-  
thet is ts '  Society 7 and later implemented  by 
anaes thet ic  depar tments  across  the country .  

Many newer  anaes thet ic  machines  are 
equipped with only nitrous oxide and oxygen  
f lowmeters .  There  is an equal  chance  for a leak 
to occur  in either f lowmeter in such a machine.  
When  the leak is in the ups t ream nitrous oxide 
f lowmeter,  selective loss o f  oxygen  will not oc- 
cur . t  Should the leak occur  in the downs t r eam 
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oxygen  flowmeter,  the  delivery of a hypoxic  
mixture cannot  be ruled out  - a possibility not 
explored in previous studies.  The following in- 
vest igation was designed to look into the effect of  
such  a leak on the oxygen  concent ra t ion  of  the 
fresh gas  mixture delivered by such a machine  
and to determine the effect of  back pressure  dur- 
ing controlled ventilation on such  a leak. 

METHODS 

The anaesthet ic  machine  examined  was a stan- 
dard Boyle ' s  machine  (British Oxygen  C o m p a n y  
M-222) equipped with a back-flow check valve on 
the back bar and fitted with a Bain circuit. Other  
equipment  used in the s tudy  included a mass  
spectrometer  (Perkin-Elmer Medical Gas Ana- 
lyzer 1100) for the analysis of  the oxygen con- 
centration of the fresh gas mixture,  a model lung 
(a one-litre reservoir bag filled with a sponge and 
restricted by a 2.5 cm rubber waist band) and a 
venti lator (Penlon Series 200). 

The investigation was done in two parts: 
(I) In Part I, the oxygen  f lowmeter  was  

mounted  downs t r eam and leaks in the machine  
were ruled out  with lhe help of  Snoop | (a leak- 
detect ing solution). With the oxygen  and nitrous 
oxide ro tameters  set  at two and four litres per 
minute  respect ively,  the oxygen  concentra t ion  of  
the fresh gas  mixture at the c o m m o n  gas outlet of  
the  anaes thet ic  machine  (the outlet  port f rom 
which fresh gas  mixture is delivered to the Bain 
circuit) was measured  cont inuous ly  when:  

(a) there was no leak in the sys t em and the fresh 
gas  mixture  was allowed to flow through the Bain 
circuit vent ing freely into the a tmosphere .  
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TABLE I 

THE EFFECT OF LEAKS IN A DOWNSTREAM OXYGEN FLOWMETER ON THE 
OXYGEN CONCENTRATION OF FRESH ~AS MLXTURES 

Oxygen concentration of fresh gas mixtures (per cent) 
Fresh 

gas flows l. 5 kPa (15 cm 3 kPa (30 cm 
Free flow HzO) HzO) 

02: NzO 
l/min No leak 1 hole 2 holes 1 hole 2 holes 1 hole 2 holes 

2:4 34 29 24 24 18" 21 15" 
2:5 30 25 21 22 16' 17' 12' 
2:8 21 15' 12' 12" 8* 9* 5* 
3:6 33 29 25 25 19" 22 16' 

*Indicates hypoxie gas mixture. 

TABLE lI 

THE EFFECT OF LEAKS IN AN UPSTREAM OXYGEN FLOWMETER ON THE OXYGEN 
CONCENTRATION OF FRESH ~AS MIXTURES 

Fresh 
gas flows 

Oxygen concentration of fresh gas mixtures (per cent) 

1.5 kPa (15 cm 3 kPa (30 cm 
Free flow H20) H20) 

Oz:N20 
l/min Noleak lhole  2holes lho le  2holes lhole  2holes 

2:4 33 26 20 18" 8* 10" 4* 
2:5 28 21 14' 13' 4* 6* 2* 
2:8 20 12' 4* 6* 1" 2* O* 
3:6 32 25 19" 18" 8* 10" 3* 

*Indicates hypoxic gas mixture. 

(b) a leak was created in the upper  end of the 
oxygen flowmeter by the insertion of a 16-gauge 
needle through the rubber mount  at the upper end 
of  the oxygen flowmeter and the fresh gas mixture 
was allowed to flow through the Bain circuit 
venting freely into the a tmosphere .  

(c) the leak was increased by the insertion of  a 
second 16-gauge needle through the rubber  
mount  and the fresh gas mixture was allowed to 
flow through the Bain circuit venting freely into 
the a tmosphere .  

(d) leaks were present  as in (b) and (c) but  the 
fresh gas mixtures were used to ventilate the 
model lung with the Bain circuit to peak inflation 
pressures  of  1.5 and 3 kPa (15 and 30cm water) 
with the ventilator. 

These  measurements  were then repeated with 
oxygen and nitrous oxide flows set at two and 
five, at two and eight and at three and six litres per 
minute.  

(II) In part II, the oxygen flowmeter was rear- 
ranged to occupy the ups t ream position and leaks 
were again ruled out. Wi~h smilar oxygen and 

nitrous oxide flows, the oxygen concentrat ion of 
each combination of fresh gas was again mea- 
sured under  conditions outlined in (a) to (d). 

RESULTS 

These  leaks in the oxygen flowmeter did not 
affect the rotameter  se t t ings  of  the oxygen or 
nitrous oxide flowmeters. Their effect on the 
oxygen concentrat ion of  fresh gas mixtures is 
recorded in Tables I and I1. During free flow, the 
oxygen concentrat ion of the fresh gas mixture 
was constant.  During controlled ventilation, the 
oxygen concentrat ion varied with the phasic 
changes  in pressure - it was lowest when inflation 
pressure  was at its peak, it was highest at the end 
of  expiration and equalled that during free flow 
with the respective leak. The tabulated results 
are the lowest concentrat ion observed at the peak 
of  inflation. 

(I) When the intact oxygen flowmeter was 
mounted downst ream (Table I), the oxygen con- 
centrat ion of the gas mixtures delivered was an 
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accurate reflection of the oxygen fraction of the 
set fresh gas flows. When a leak was present in 
the oxygen flowmeter, there was a fall in the 
oxygen concentration of the gas mixtures deli- 
vered at all fresh gas flows. This fell further when 
the leak was increased. It fell even more when 
ventilation was controlled and the extent of this 
fall increased in steps as peak inflation pressure 
was increased from 1.5 kPa to 3 kPa (15 cm to 
30 cm water). At the higher peak inflation pres- 
sure and with the larger leak, the gas mixtures 
delivered were uniformly hypoxic at all set fresh 
gas flows. 

(II) When the intact oxygen flowmeter was 
mounted upstream (Table II), the oxygen con- 
centration of the gas mixtures delivered was 
again an accurate reflection of the oxygen frac- 
tion of the set fresh gas flows. In the presence of a 
leak, oxygen concentration of the delivered gas 
mixtures fell. The extent of this fall increased 
when the size of the leak was increased and when 
controlled ventilation was introduced. Compar- 
ing data from Tables i and II, it can be seen that 
the fall in oxygen concentration was more serious 
when the leaking oxygen flowmeter was up- 
stream than when it was downstream. At the 
higher peak inflation pressure and with the larger 
leak, the gas mixtures delivered were almost 
anoxic at all set fresh gas flows when the oxygen 
flow meter was mounted upstream. 

DISCUSSION 

The oxygen concentration of fresh gas mix- 
tures delivered by a Boyle's anaesthetic machine 
equipped with leaking oxygen flowmeters was 
measuro, d. Our results confirm Eger's j finding 
that an anaesthetic machine equipped with an 
upstream oxygen flowmeter can deliver a 
hypoxic mixture to the patient, should there be a 
leak in this flowmeter. They also demonstrate 
that this danger is not entirely eliminated by 
mounting the oxygen flowmeter downstream. An 
anaesthetic machine equipped with a down- 
stream oxygen flowmeter can still deliver a 
hypoxic gas mixture if this flowmeter has a leak. 
These leaks have no observable effects on the 
position of the rotameter float. Although this loss 
of oxygen is more serious when the oxygen flow- 
meter is upstream, this selective loss is still highly 
dangerous when the flowmeter is downstream. 

The loss of oxygen increases with the size of 
the leak. The leaks created in this study are not 
large enough to be detected by the usual method 
of allowing pressure to build up passively in the 

Bain circuit and the reservoir bag until the Norry 
valve blows off at 5.3 kPa (40 mm Hg). Yet the 
drop in oxygen concentration is alarming at all 
fl'esh gas flows. With larger leaks, the danger of 
delivering a hypoxic mixture will no doubt be 
more serious. 

Despite the presence of the back-flow check 
valve, this selective oxygen loss also increases 
with the peak inflation pressure when respiration 
is controlled because, although this valve pre- 
vents the direct transmission of back pressure 
from the ventilator to the flowmeter assembly, 
the continuous inflow of oxygen and nitrous 
oxide will cause a build-up of pressure proximal 
to the check valve, which is transmitted to the 
flowmeters. To maintain adequate ventilation, 
patients with increased pulmonary impedance 
(e.g. the bronchitic and the obese) may need a 
high inflation pressure during controlled ventila- 
tion. Under these circumstances the oxygen leak 
is particularly serious. Therefore the chance of 
delivering a hypoxic mixture to patients who are 
more susceptible is increased. 

Minor leaks in anaesthetic machines that can- 
not be detected by simply pressurizing the circuit 
are common. Although a specific leak at the oxy- 
gen flowmeter must be relatively rare, leaks in 
other areas can also have a less predictable effect 
on the loss of oxygen and lead to the delivery of a 
hypoxic mixture. It must be emphasized that the 
oxygen failure protection device recommended 
by the Canadian Standards Association 6 and in- 
stalled in all anaesthetic machines only gives 
warning of failure of the oxygen supply from the 
pipeline or the tank. Loss of oxygen through the 
flowmeter assembly or distal to it will not activate 
this alarm. The anaesthetized patient is ill- 
equipped to cope with hypoxaemia because of 
impaired ventilatory 8-~~ and circulatory tl re- 
sponses. This study lends support to the continu- 
ous monitoring of the oxygen concentration of 
the fresh gas mixture with an in-line oxygen 
analyzer, which is strongly recommended in a 
more current publication of the Canadian Stan- 
dard s Association. ~ 2 

The Canadian Standards Association must be 
given credit for establishing a uniform down- 
stream position for the oxygen flowmeter of 
anaesthetic machines across the country. How- 
ever, this position must not be regarded as fool- 
proof. A constant awareness on the part of the 
anaesthetist that his equipment can fail and his 
readiness to meet such an emergency at all times 
are still required in the safe practice of anaes- 
thesia. 
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R~SUM~ 

La concentration en oxygbne du m61ange de gaz frais fourni au circuit Bain par le d6bitm~tre 
d'oxygbne d'un appareil Boyle sur lequel on avait cr66 une fuite a dt6 mesur6e ~ I'orifice 
d'6mission Mrs de 1"6coulement libre et Iors de la ventilation contr616e. Les r6sultats ont 
d6montr~ que malgr6 un r~'glage satisfaisant des rotam~:tres de I'oxyg~ne et du protoxyde 
d'azote, on pouvait obtenir de I'appareil des m61anges hypoxiques ind6pendemment du 
montage en amont ou en aval du d6bitmbtre. Cette perte s61ective de l'oxygbne s'accroit avec 
I'importance de la fuite ainsl qu'avec la contre-pression impos6e au d6bitm~tre par la ventila- 
tion contr616e. Le fait d'installer un d6bitmbtre d'oxyg~me en aval ne prot~:ge doric pas de ce 
danger. Un monitorage continu de la concentration en oxyg~ne des m,~langes gazeux avec un 
analyseur est recommand6. 


