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Flow requirements 
for the Bain breathing 
circuit during 
anaesthesia for 
Caesarean section 

We studied the relationship between arterial carbon 

dioxide tension (PaC02) and fresh gas flow (FGF) during 
use of the Bain breathing circuit for Caesarean section 
anaesthesia. Thirty-one patients undergoing Caesarean 
section were anaesthetised using the Bain circuit with 
intermittent positive pressure ventilation. The PaC02 
were measured at F G F  o f  70ml 'kg- t .min  -1, 80 

ml.kg-J.min -I, and 100 ml.kg -l .min -1 . The FGF require- 
ment to maintain a given PaCO z during Caesarean section 

anaesthesia is the same as the requirements for nonpreg- 
nant subjects, despite the increase in carbon dioxide 
production associated with pregnancy. This is probably 
because the total FGF determined by body weight and 
given during Caesarean section anaesthesia is 15-20per 
cent higher than nonpregnant levels, due to the weight 
gain associated withpregnancy. A FGF of lO0 ml.kg -t of  
pregnant weight~rain maintains PaC02 of 4.44 kPa pre- 
delivery, which is in the desirable range of  PaC02 during 
Caesarean section. 
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The Bain breathing circuit | which is a modified 
version of the Mapelson D circuit was described by 
Bain and Spoerel in 1972. I Since then it has been 
used extensively in children and adults. With 
controlled ventilation, a fresh gas flow (FGF) of 
70 ml.kg-l.min - l  produces normocarbia and FGF 
of 100 ml.kg-l-min -1 produces hypocarbia. 2'3 An 
inverse relationship has been demonstrated between 
the FGF rate and arterial carbon dioxide tension 
(PaCOz). 2-4 As the PaCO2 can be predicted for a 
given FGF, the Bain breathing circuit has been 
suggested as the anaesthetic system to be used to 
maintain a predictable PaCO2 during Caesarean 
section anaesthesia. 4 

Pregnancy is associated with increased carbon 
dioxide (CO2) production. 5-12 It has been sug- 
gested therefore that higher fresh gas flows are 
required to maintain a given PaCOz, compared with 
nonpregnant subjects.4 Kneeshaw et al. determined 
FGF requirements for Caesarean section anaesthe- 
sia using the Bain circuit, based on the end-tidal 
carbon dioxide tensions (P[CO2). They assumed 
PaCOz to be higher by 0.67 kPa and suggested that a 
FGF of 120 ml.kg-~.min -~ is necessary to maintain 
PI~CO2 at 4.16 kPa and PaCO2 at 4.83 kPa. 4 Since 
we found no report that evaluated the relationship 
between FGF and PaCO2 during Caesarean section 
anaesthesia using the Bain circuit we undertook the 
following study. 

Methods 
The study was approved by the Medical Ethics 
Committee of Queen Elizabeth Hospital and in- 
formed consent was obtained from all patients. 

Thirty-one patients coming for elective or emer- 
gency Caesarean section were selected for the 
study. None of the subjects had any pre-existing 
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TABLE I Mean values ( •  SEM) for pre- and post-delivery PaCO2 and pH in the three groups 

Group A Group B Group C 
FGF = 70 ml.kg.min -~ FGF = 80 ml.kg.min -t FGF = t00 ml'kg'rain-r 

PaCO2 (kPa) predelivery 4.76 • 0. l I 4.60 --- 0.09 
postdelivery 4.59 +-- 0.08 4.38 --- 0.19 

pH predeLivery 7.373 +-- 0.01 7A20 +-- 0.01 
postdelivery 7.370 -+ 0.02 7.400 - 0.01 

4.44---0.11 
4.34 " 0.12 

7.434 +- 0.01 
7.417 - 0.01 

p <0 .05  Group A versus Group C. 
p = ns Group A versus Group B. 
p = ns Group B versus Group C. 

cardiovascular or respiratory disorder and they had 
never smoked. 

The patients were given 30 ml of magnesium 
trisilicate* half an hour prior to surgery. Anaesthe- 
sia was induced with the patient in 15 degrees left 
lateral tilt after pre-oxygenation with 100 per cent 
oxygen using a Bain breathing circuit for about five 
minutes prior to induction of anaesthesia. Induction 
was with thiopentone 5mg.kg -~ and the patients 
were intubated after succinylcholine 100 mg with a 
cuffed endotracheal tube, with use of cricoid 
pressure. Anaesthesia was maintained with pancu- 
ronium 0.08 mg'kg- l, 50 per cent oxygen in nitrous 
oxide and 0.5 percent halothane until the baby was 
delivered, and afterwards with 33 per cent oxygen 
in nitrous oxide and narcotic analgesic supple- 
ments. 

Controlled ventilation was performed with a Bird 
mark 4A ventialtor. The tidal volume was main- 
tained at 12 ml.kg -t  using a Wright spirometer. The 
respiratory rate was 12/min (minute expiratory 
volume = 144 ml.kg -I .rain-l). The patients were 
divided at random into three groups. Group A (ten 
patients) received a FGF of 70ml.kg-~.min -1, 
Group B (ten patients) 80ml.kg-t.min -I and 
Group C (11 patients) 100 ml. kg- i.min- i. 

Arterial samples were drawn from a radial artery 
just before uterine incision and approximately 35 
minutes after induction (post delivery). The arterial 
samples were analysed immediately in a Coming 
blood gas analyser (model 165/2) for PaCO2 after 
two-point calibration before every sample. The 
induction-delivery time, uterine incision-delivery 

*At the time of the study, it was the practice in our 
hospital to use magnesium trisilicate as antacid before 
Caesarean section, but it now has been replaced with 
sodium citrate. 

time and Apgar scores were noted. The nasopharyn- 
geal temperature of the patients was monitored and 
blood gas results were corrected for the body 
temperature. 

Student's t test was used to compare mean values 
of PaCO2, pH, age, weight, induction-delivery 
interval and uterine incision-delivery interval 
among the groups. 

The relationship between FGF rate ml.kg -1.rain -~ 
(x) and PaCO2 (y) was studied with regression 
analysis (both linear and curvilinear). 

Apgar scores were compared among the groups 
using non-parametric statistics (Mann-Whitney 
test). 

The mean pre- and post-delivery PaCO2 and pH 
values in each group were compared with a paired 
't '  test. 

Results 
Table I shows mean pre- and post-delivery pH and 
PaCO2 values in the three groups. The mean ages, 
weights, Apgar scores, induction-delivery inter- 
vals and uterine incision delivery intervals are 
presented in Table II. 

The mean PaCO2 at a FGF of 70 ml.kg -1 .min -~ 
was 4.76 + 0.11kPa before delivery and 4.59 +-- 
0.08kPa following delivery. For FGF of 80 
ml.kg-l-min -1, the pre- and post-delivery PaCO2 
values were 4.60 --- 0.09 kPa and 4.38 --&- 0.19 kPa 
respectively. At 100rnl.kg-l.min -1 of FGF, the 
PaCO2 was 4.44 -+ 0.11 kPa pre-delivery and 4.34 
--- O. 12 kPa post-delivery. There was a statistically 
significant difference between the PaCO2 and pH 
values of the Group A and Group C patients (p < 
0.05). 

Regression analysis of FGF rate (x) and PaCO2 
(y) showed that the PaCO2 varied inversely with 
FGF rate delivered to the system (r = 0.248, p < 
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TABLE II Mean (-+ SEM) values for ages, weights, induction-delivery intervals, 
uterine-incision delivery intervals and Apgar scores in the three groups 
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Group A Group B Group C 

FGF = 70ml'kg'rain - t  FGF = 80ml.kg,min -I FGF = lOOml'kg'min -I 

Age (years) 25.50 +-- 1.31 27.70 • 1.70 27.4 • 1.47 
Weight (kgs) 74.92 "*- 3.70 71.15 --- 4.04 76.48 • 3.17 
Induction-delivery interval (min) 7.90 - 0.28 8.20 - 0.30 8.09 • 0.30 
Uterine-incision interval (sec) 51.50 -+ 1.07 50.00 -+ 0.75 49.54 -+ 1.06 
Apgar scores 8 9 9.5 

0.05). Linear analysis produced a better "fit" than 
curvilinear. 

There was no significant difference between pre- 
and post-delivery PaCO2 and pH values in each 
group (paired t test). There were no significant 
differences between the groups with regard to mean 
age, weight, induction-delivery interval, uterine 
incision-delivery interval and Apgar score. 

Discussion 
The fresh gas flow (FGF) requirements for the Bain 
breathing circuit for controlled ventilation during 
anaesthesia for nonpregnant subjects has been 
evaluated by several workers. 1-3 Henville and 
Adams suggested that a FGF of 70 ml-kg -~.min -t 
produces normocarbia 5.44 --- 0.57kPa ( -SD)  
ranging from 4.05-6.53kPa, and a FGF of 100 
ml'kg-~.min -I produces moderate hypocarbia of 
4.57 -+ 0.60kPa (--+SD) ranging from 3.46- 
5.98kPa. 2 Bain and Spoerel found that a FGF of 
70ml'kg-I 'min -~ maintains an arterial carbon di- 
oxide tension (PaCO2) of 4.88 +-- 0.57 kPa ( - S D )  
ranging from 4.0-6.53 kPa. 3 

Our data show that during Caesarean section 
anaesthesia, a FGF of 70 ml 'kg- l 'min -1 maintains 
a PaCO2 of 4.76 kPa (range 4.17-5.37 kPa) before 
delivery and 4.59kPa (range 4.13-5.05) after 
delivery. These figures are similar to those sug- 
gested by Bain and Spoerel. 3 A FGF of 100 
ml.kg-t.min -1 resulted in a PaCO2 of 4.44kPa 
(range 3.85-4.92) pre-delivery and 4.34 kPa (range 
3.52-5.07) post-delivery. Again, these agree 
closely with the results of Henville and Adams. 2 
There was also an inverse relationship between FGF 
ml'kg-Lmin -1 and PaCO2 during Caesarean sec- 
tion anaesthesia. A similar relationship has already 
been demonstrated in nonpregnant patients during 
anaesthesia with the Bain breathing circuit. 2"3 

Therefore, our study shows that, despite the 

increase in carbon dioxide production during preg- 
nancy, the FGF based on body weight need not be 
higher in patients undergoing Caesarean section 
than in nonpregnant patients to maintain a given 
PaCO2 with the Bain circuit, during controlled 
ventilation. The magnitude of the increase in CO2 
production during pregnancy is difficult to measure 
accurately since CO2 output varies from minute to 
minute, s However, it is likely to be proportional to 
the increase in oxygen consumption which is 10-20 
per cent higher than prepregnancy levels.5-12 There 
is an average weight gain of 13 kg (range: 8-17) or 
10-20 per cent over prepregnant weight. 7'8'~~ 
Therefore the total FGF based on pregnant body 
weight increases by 10-20 per cent over the 
prepregnant values. Since the magnitude of the 
increases in CO2 production and total FGF are 
likely to be similar, a higher FGF (ml'kg -1 "min-') 
is not required to maintain a given PaCO2 during 
Caesarean section anaesthesia using the Baln circuit 
and controlled ventilation. 

Keenan and Boyan I3 suggested that variations in 
physiological dead space would affect the effi- 
ciency of FGF in the Bain breathing circuit during 
controlled ventilation. When physiological dead 
space is reduced, a lower FGF (ml.kg -1 -min -I) is 
required to maintain a given PaCO2 .I3 Fisher and 
Prys-Roberts found a low physiological dead space 
(0.19) during the first stage of labour. 14 However, 
during Caesarean section anaesthesia, the physio- 
logical dead space was variable, ranging from 
0.19-0.53, with a mean of 0.30.15 This may be due 
to many factors such as changes in blood pressure, 
pulmonary blood flow, variations in pulmonary 
compliance, anaesthetic agents and surgical posi- 
tion, all of which can affect physiological dead 
space.~6-2~ Therefore it is difficult to predict the 
effect of physiological dead space on FGF require- 
merits. 13 This could probably be one of the factors 
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contributing to the low correlation between FGF 
(ml 'kg-i 'min - l )  and PaCt2  (r = 0.248) in our 
study. 

At term, the PaCt2  has been found to be 
4.26-4,53kPa 7-~1'z2 and the pH to be 7 .40-  
7.44. 7,s The ideal anaesthetic technique should 
attempt to achieve a PaCt2  of 4.26-4.53 kPa as the 
best results are obtained when maternal PaCt2  is 
near preoperative levels. 7'22'23 Our study shows 
that a FGF of 100 ml.kg-1, min- 1 (pregnant weight) 
produces the desirable maternal PaCt2  of 4.44 +-. 
0.11kPa (---SE) before delivery and 4.34 • 
0.12kPa (•  after delivery, during Caesarean 
section anaesthesia with the Bain circuit with 
controlled ventilation. 

Kneeshaw et al. advised a higher FGF of 
120 ml 'kg-l .min - i to achieve a maternal PaCt2  of 
4.83 kPa and end-tidal carbon dioxide (PI~CO2) of 
4.16kPa. They based their study on PI~CO2 mea- 
surement and assumed the PaCt2  to exceed Pt~CO2 
by 0.67 kPa. This assumption was based on the 
findings of Nunn et al. in nonpregnant subjects 

during general anaesthesia. 24 This assumption does 
not apply during Caesarean section anaesthesia. 
The PaCt2 was very close to PI~COz and in 50 per 
cent of instances the (a-I~)PCO2 was negative. 25 
Therefore the FGF recommended by Kneeshaw et 
al. could be higher than required. Further, Raemer 
et al. concluded that estimation of PaCt2  from 
monitored P[CO2 may not be reliable, as deviations 
up to 1.06 kPa were common in (a-I~)PCO2 values 
during the course of anaesthesia. 21 

In conclusion, there was an inverse relationship 
between FGF and PaCt2  during anaesthesia for 
Caesarean section using the Bain breathing circuit 
with controlled ventilation. A FGF of 100 ml.kg-i  
of pregnant weight/min produces a maternal PaCt2  
which is in the desirable range of 4.26-4.53 kPa 
during Caesarean section anaesthesia. 
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R~sum6 
On a 6tudi~ la relation entre la PaC02 et le flot de gaz 

frais lors de r utilisation du circuit de Bain lors d'une 

c~sarienne. Trente et une patientes devant subir une 

cdsarienne ont 6t6 anesth#sires utilisant le circuit de Bain 

avec une ventilation dt pression positive intermittente. La 

PaC02 a dt6 mesurde avec un flot de gaz frais (FGF) de 

70 ml'kg-l'min -j ,  80 ml.kg-~.min -~ et 100 ml.kg-~,min - j .  
Malgr6 une augmentation dans la production de C02 

lors de la grossesse, le flot de gaz frais requis afin de 
maintenir une PaC02 donnre lors d'une c~sarienne de- 
meure le m~me que celui requis pour des sujets non- 
gravities. Ceci est probablement dCt au fait que le flot de 

gaz frais est determin~ par le poids corporel. Lors d' une 
cdsarienne, le flot de gaz frais est de 15 dt 20 pour cent 
suprrieur d celui d'une femme non-gravide d cause de 

raugmentation du poids associde ~ la grossesse. Un flot 
de gaz frais de 100 ml.kg -I. rain- 1 maintient une PaC02 
de 4.44 kPa avant l'accouchement, ce qui serait la valeur 
ddsirable de la PaC02 lors d'une c~sarienne. 


