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Carbon dioxide 
elimination in 
anaesthetized children 

Carbon dioxide elimination (1/COz) was measured in I86 
anaesthetized, spontaneously breathing infants and children 

with body weights ranging from 2.8 to 26.5 kg. They all 

underwent minor paedlatric surgical procedures. The influence 

on VC 02 of age, operation, premedication, eaudal anaesthesia. 
and different volatile anaesthetic agents was investigated. The 

volume of exhaled gas, during three- ta five-minute collection 
periods, was measured and the fraction of exhaled COz was 
determined by a C02 meter. Under basal anaesthetic condi- 
tions, the average output before operation followed the equa- 
tion: 1/C02 (ml. rain - t )  = -1 .25X + 13.0X ~, in which X = 
lne (body weight, kg). Expressed on a weight basis, the 
youngest infants (weighing less than 5 kg) had the lowest f/COz. 
Higher values were measured up to a body weight of  l O kg above 
which a negative correlation occurred between 1/C02 
(rot. rain -I " kg 1) and body weight. The use of premedication 

resulted in a more variable VCO2 during operations than when 
opioid premedication was not used. The combination of o 
general anaesthetic and caudal anaesthesia stabilized ~'C02. 
Also, children anaesthetized with halothane had a higher 1/C02 

than those who were anaesthetized with enflurane or isoflurane 
(P < 0.05). The variable ~'C02 emphasizes the need for 
increased monitoring of VC02 during routine anaesthesia and 
operation in infants and children. 
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Carbon dioxide elimination is a valuable measure in 
clinical anaesthesia because it is related to metabolic rate 
and alveolar ventilation, i-3 The body content of CO2 is, 
however, large and the storage capacity is great. 4 Signifi- 
cant changes in alveolar ventilation give rise to initial 
alterations in carbon dioxide output until a new respirato- 
ry steady-state level has been achieved. Because the body 
storage capacity of CO2 is so large, the finding of a new 
steady-state level is time-consuming. However, after 20 
to 30 minutes of unchanged metabolism and ventilation, 
carbon dioxide elimination is approximated to a steady- 
state level. 5 Although a complete steady state is rarely 
achieved during clinical anaesthesia, carbon dioxide 
elimination is most useful as an indicator of gas exchange, 
ventilatory levels, and metabolic stress. 

The purpose of this study was to assess the influence of 
age and anaesthetic techniques on carbon dioxide elimina- 
tion in anaesthetized infants and children. Different 
patient groups were investigated to illustrate the effects of 
surgery, premedication, inhalational anaesthetics, and 
caudal analgesia. 

Patients and methods 
The subjects of the study were 186 anaesthetized infant,~ 
and children. Their ages ranged from one day to six years 
and their weight from 2.8 to 26.5 kg. Most of the patients 
were scheduled for minor paediatric surgical procedures 
and were of ASA physical status 1 or II. The investiga- 
tions, performed at different institutions, were approved 
by institutional review boards, and parental consent to the 
study was given in each case. The children were fasted for 
at least four to five hours before induction of anaesthesia. 
Children younger than one year arrived in the operating 
room without any opioid or sedative premedieation. Older 
children were premedicated either with a rectal combina- 
tion of diazepam, morphine, and hyoscine or with an 
intramuscular meperidine compound for those weighing 
less than 15 kg or papaveretum combined with hyoscine 
for those weighing more. 

Patient groups and anaesthesia 
Group A consisted of 39 infants and children with body 
weights ranging from 2.9 to 25.3 kg who had no 
cardiorespiratory disease. They were scheduled for 
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minor paediatrie surgical procedures. This group, being 
near to a respiratory steady state, constituted the reference 
group. These children received no premedication and had 
inhalational induction of anaesthesia with O2-N20 (FIO2, 
0.5) and halothane. The trachea was intubated with cuffed 
tracheal tubes (Mallinkrodt) without the use of muscle 
relaxants. They were all spontaneously breathing a 
mixture of O2-air (FtO2, 0.5) and halothane at minimal 
alveolar concentrations (MAC) of 0.8 to 1.2, measured by 
a mass spectrometer (Perkin-Elmer, MGA 1103). Mea- 
surements were performed before the start of operation, 
30 minutes after the induction of anaesthesia. 

The 48 patients in Group B had body weights ranging 
from 2.8 to 20.5 kg and were studied during operation. 
They had normal cardiorespiratory functions and under- 
went minor paediatric surgical procedures. They were not 
premedicated, and anaesthesia was induced with O2-N20 
(FIO2, 0.5) and halothane in 24 patients and with oxygen 
in cyclopropane (FtO2, 0.5) in 24. After the induction of 
anaesthesia, intubation of the trachea was facilitated by 
administration of succinylcholine, 1 to 1.5 mg'  kg-I IV. 
Once spontaneous ventilation had resumed, anaesthesia 
was maintained with O2-N20 (FIO2, 0.5), and inspired 
halothane concentrations of one to two per cent set by a 
calibrated Mark 3 vaporizer. 

Group C included 46 patients without cardiorespiratory 
disease who were older than one year; their body weights 
ranged from 10 to 25.5 kg and they were studied during 
operation. They had all received premedieation before 
operation. In those weighing less than 15 kg, an intramus- 
cular injection of meperidine compound (0.07 ml- kg- i) 
was injected IM 45 to 60 minutes before induction of 
anaesthesia. (Meperidine compound, 1 ml contains: 
meperidine, 25 mg; promethazine, 6.25 mg; and chlor- 
promazine, 6.25 mg.) Children weighing more than 15 kg 
received papaveretum (0.4 mg.kg -I)  and hyoscine 
(0.008 rag" kg- ~) IM 45 to 60 minutes before induction of 
anaesthesia. These children also received atropine 0.2 to 
0.4 mg IM at the time the other premedication was given. 
The trachea was intubated after succinylcholine adminis- 
tration (I .0 to 1.5 mg. kg-~). When spontaneous breath- 
ing had resumed, anaesthesia was maintained with 02- 
N20 (FIO2, 0.5) and inspired halothane concentrations of 
one to two per cent. No caudal anaesthesia was used. 

Caudal anaesthesia using 0.25 per cent bupivacaine 
(0.5 ml. kg -1) was established after induction of general 
anaesthesia in the 30 children in group D. These children 
underwent genital operations and had body weights 
ranging from 10.3 to 25.2 kg. Their tracheas were 
intubated after administration of succinylcholine (1.0 to 
1.5 mg-kg-l),  and they were allowed to breathe O2-N20 
(FIO2, 0.5) and inspired halothane concentrations of 
0.75 to 1.25 per cent. The children were premedicated 

with intramuscular injections of either meperidine com- 
pound or papaveretum in combination with hyoscine, as 
described above. 

The effects of volatile anaesthetic agents on carbon 
dioxide elimination were studied in the 23 patients in 
group E. All 23 children had received a rectal premed- 
ication of diazepam (0.5 mg'kg-~), morphine (0.15 
mg.kg-I), and hyoseine (0.01 mg.kg-t) ,  which was 
administered 45 to 60 minutes before the induction of 
anaesthesia. All the children were free from cardiorespi- 
ratory disease and were subjected to lower abdominal or 
genital surgical procedures. After the induction of anaes- 
thesia, succinyleholine (1.0 to 1.5 mg. kg-~) was given to 
facilitate intubation of the trachea, and the children were 
then allowed to breathe spontaneously. All had received 
caudal anaesthesia with 0.25 per cent bupivacaine (0.5 
ml.kg -I) administered after the induction of general 
anaesthesia. Eight children with body weights ranging 
from 13.7 to 24.0 kg received enflurane in OE-N20 (FtO2, 
0.5) at a MAC value of 0.92, eight with body weights 
ranging from 10.7 to 26.5 kg received isoflurane in 
O2-N20 (F102, 0.5) at a MAC value of 0.92, and seven 
with body weights between 12 and 24.5 kg received 
halothane in O2-N20 (FIO2, 0.5) at a MAC value of 0.97. 
Calculations of MAC values were corrected for age, 6-9 
and ten per cent of nitrous oxide was regarded to be 
equivalent to 0. I MAC. It) 

Measurements 
No measurements were done until 20 to 30 minutes after 
the induction of anaesthesia. In most patients, a Mapleson 
D system was used, and fresh gas flows were set high 
enough to eliminate rebreathing, as indicated on the 
in-line CO2 meter (Hewlett-Packard, 14360A). In some 
patients, a non-rebreathing valve with low inspiratory 
and expiratory resistances was used (AMBU Pedi- 
Anaesthesia System), and an in-line CO2 meter was also 
used for detection of possible rebreathing. The CO2 meter 
was calibrated by two known concentrations of CO2 and 
corrections for N20, due to the collison broadening effect 
of N20 on the infrared spectrum, were performed when 
N20 was in use. Expired gas was collected in a Douglas 
bag during three- to five-minute periods. The mean 
expired carbon dioxide fraction (Fs was measured 
with the C02 meter. Exhaled gas volumes were measured 
with either a standard gas meter, (AB Nordgas, Stock- 
holm, Sweden), or with a supersyringe. 

Carbon dioxide elimination (QCO2) was calculated 
according to the following formula: 

VCO2 (ml.min-1) = gas collection V E x  F~-C02 

where inspired CO2 concentration was zero in all mea- 
surements and in which gas collection VE indicates the 
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expired gas collection volume during four- to five-minute 
collection periods. All CO2 values are presented at 
ambient temperature and pressure, saturated. The accuracy 
and precision of the CO2 meter were investigated by re- 
peated measurements of the same certified gas concen- 
trations. The largest deviation was 0.022 per cent or less 
than 1 mmHg. 

Statistics 
Mean values and standard deviations were calculated. 
Numerous linear and polynomial regressions were used to 
model the relationship between 'v'CO2 and body weight. 
Transformations to logarithmic scales and fitting models 
without intercept terms were also explored. To predict 
normal values, not only the predicted mean value but also 
the variation about the predicted value was considered by 
modeling the residual as a second step after fitting the 
equation used to obtain the predicted mean VCO2. 
Analysis of covariance was used to compare ~'CO2 levels 
for patients receiving halothane, isoflurane, and enflur- 
ane, adjusted for body weight. 

Results 
Body temperatures varied between 36-38~ Blood 
pressures changed with age. During measurements, no 
subnormal blood pressures were recorded. In group B, in 
which anaesthesia was induced with cyclopropane in 24 
children and with halothane in O2-N20 in another 24 
children, the 'v'CO2 value did not differ with the induction 
technique used. In the comparison of various volatile 
anaesthetic agents (group E), body weights and MAC 
values were similar in all three groups. 

Carbon dioxide output - before operation, no caudal 
anaesthesia and no premedication (group A) 
The %'CO2 was related to body weight according to the 
diagram shown in Figure 1 for the 39 children in group A. 
The predicted mean value of VCO2 followed the relation- 
ship: VCO2 (ml. min- i) = _ 1.25X + 13.0X 2 in which 
X = lne (body weight, kg). This model was obtained 
by a least-squares fit of a second degree polynomial with 
a zero intercept. Note that this model forces the predicted 
VCO2 to be zero when body weight is 1 kg because ln~ 
(1) = 0. The range from the lower 2.5 per cent to the 
upper 97.5 per cent percentile was calculated according 
to the following equation: predicted mean ~'CO2 - 
2.0 • V ' - 2 4 . 0  + 12.3 • body weight. Corresponding to 
these equations, a 10-kg child would have a predicted "~CO2 
of 66 • 20 ml. rain- 1. The sigmoid shape in the lower range 
of the mean predicted VCO2 curve demonstrates a 
decreased elimination of CO2 per kilogram in infants 

FIGURE 1 Carbon dioxide elimination (~'CO2) in relation to 
body weight in 39 infants and children who were studied before 
operation and who did not receive caudal anaesthesia or premedica- 
tion (group A). The continuous line represents the predicted mean 
value, and the shaded area is the 95 per cent confidence interval for 
individual values. 

compared with younger children. The mean value ( •  SD) 
for all 39 children was 6.1 --- 1.2 ml-min -I "kg -1. The 
mean value ( •  SD) was 5.8 - 1.2 ml .  rain- i .  kg-1 for the 
children weighing between 2.9 and 5 kg, and it was 6.3 • 
1.2 ml-min-J-kg - t  for those weighing more than 5 kg. 

Carbon dioxide output during operation 

WITHOUT PREMEDICATION (group B) 
The children who had not received any premedication 
were often younger than one year. The 'r 2 during 
operation was within the normal range for the output 
measured before operation (Figure 2a). The mean value 
(•  SD) was 6.2 ~ 1.7 ml .min -1 .kg - t .  

WITH PREMEDICATION (group C) 
Premedicated children had a greater range for 9"CO2 
during operation than those who were not premedicated 
and studied before operation (Figure 2b) and than those 
who had not received premedication but underwent 
operation (Figure 2a). The mean value (--- SD) for 
children in group C was 5.7 _-2 1.5 ml '  min -1 -kg - j .  
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FIGURES 2a and 2b (a) Carbon dioxide elimination (VCO2) in relation to body weight daring operation in uupremedicated children (group B). 
(b) Relationship between 'JCO~ and body weight in premeditated children who underwent operation (group C). Neither group B nor group C 
received any caudal anaesthesia. Note the greater variability in children who had received premeditation than in those who did not. Shaded area 
represents the confidence interval for the VCO2 in unpremeditated patients before operation, and the continuous line is the predicted mean in 
group A, as shown in Figure 1. 

Carbon dioxide output and caudal anaesthesia 
(group D) 
The ~/CO2 was less variable during operation when 
caudal anaesthesia was combined with inhalation anaes- 
thesia in children who had had opioid premedication 
(Figure 3) than in those who did not receive caudal 
anaesthesia (Figure 2b). There was a tendency toward a 
lower CO2 output than in children who did not have 
caudal anaesthesia, although the differences in mean 
values were not statistically significant (Figure 3). 

Carbon dioxide output and volatile anaesthetic agents 
(group E) 
The 23 children in this group had all received caudal 
anaesthesia and opioid premedication. Most of those 
anaesthetized with enflurane and isoflurane had a ~'CO2 
that was lower than the mean ~/CO2, adjusted for body 
weight among the three groups using an analysis of 
covariance. Those patients anaesthetized with halothane 
had outputs similar to the predicted mean ~'CO2 (Figure 
4). The differences in "v'CO2 between those receiving 
halothane and enflurane on the one hand and between 
those receiving halothane and isoflurane on the other hand 

were statistically significant (P < 0.05 and P < 0.05, 
respectively; Figure 4). 

Discussion 
In previous studies, 'v'C02 during anaesthesia and opera- 
tion has been shown to be higher in younger than in older 
children when expressed on a weight basis, tt't2 This 
observation is also true for anaesthetized children older 
than one year or who weigh more than 10 kg. For those 
weighing less than 10 kg, VCO2 becomes unpredictable, 
and it is often lower than in children weighing more than 
10 kg. H-13 When the formula for predicted ~/CO2 
presented in this study was used for the calculation of 
average ~/CO2 in healthy, non-premedicated, spontane- 
ously breathing infants and children, the average child of 
3 kg eliminated 4.8 ml .min  -t  .kg - t  whereas a child 
weighing 7 kg eliminated 6.7 ml. min- ~ �9 kg-  ~, an increase 
of 40 per cent. These findings are in agreement with 
earlier results in infants, t t-  t 3 In older children, however, 
~/CO decreased with increasing age when VCO2 was 
expressed on a per kilogram of body weight basis. This is 
exemplified by the child weighing 12 kg who had a ~'CO2 
of 6.4 ml. min -t  .kg -1 and by the child weighing 20 kg 
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FIGURE 3 Carbon dioxide climinatioo (~tCO2) in relation to body 
weight during operation in children who had received caudal 
anaesthesia and premedication (group D). In most pullouts, the ~'CO 2 
was within the normal ring,: (group A), which is indicated by the 
shaded an:a, and the predicted mean VCOz output for group A is 
indicated by the contimmus line. 

FIGURE 4 C.agoon dioxide elimination (~tCO2) in relation to body 
weight for children who wet'e spontaneously breathing holothane 
(open sqtm.w.s), enflurane (open circles), or isoflurane (closed ci~:tes) 
(gronp E). Note that patients an~esthetizod with halo.bane had 
OUtputs that followed and were rear to the pmdic~d values, whereas 
child~n who received enflurane or isofluranc had outputs that were 
in the lower range or just below the normal range (indicated by the 
shaded area). 
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who eliminated 5.7 ml .  r a in - t ,  k g - ' .  Thus, the ~/CO2 is 
expected to be lower in anaesthetized neonates and young 
infants than in young children. Furthermore, because 
VCO2 is more variable in infants than in children, i t,i 2 the 
indications increase for COt  monitoring during anaesthe- 
sia and operation in patients of  this age. 

The VCO2 was CXDCCted to bc enhanced during 
operation compared with a steady state of anaesthesia just 
before surgical stimulation, particularly if the cl~ildren 
were not prcmedicated. This was, however, not the case 
and could most probably bc explained by the fact that the 
surgical procedures were minor lower abdominal opera- 
lions with only negligible sympathetic reactions to the 
surgical trauma. Surprisingly, ~/CO2 showed a greater 
range in children who bad received opioid premedication 
than in those who were not prcmedicated, although mean 
values did not differ. Premeditation should result in a 
lower metabolic stress ~4']5 and hence in a more stable gas 
exchange during operation. However, plasma concentra- 
tions of drugs used for prcmedication, sometimes admin- 
istered up to 90 minutes before measurements during 
anaesthesia, may vary. Thus, the premedication may have 
had a good effect in some patients or the effect of  the 
premedication may have almost worn off  in others; as a 
result, the variability of  ~/CO2 in premedicated infants 
and children was increased when compared with the 
finding in the patients who were not premedicated. 

Caudal anaesthesia, in addition to a general anaesthet- 
ic, is frequently used to diminish surgical stress during 
genital or lower abdominal operations in paediatrie 
patients. Benefits from the combination of  a regional 
anaesthetic technique and general anaesthesia, as far as 
surgical stress response is concerned, have beca docu- 
mented in previous investigations. )6.17 When the children 
who received caudal anaesthesia in the present series were 
compared with those who did not, a somewhat lower and 
less variable ~/CO2 was found. This finding demonstrates 
a more stable gas exchange, which suggests the liberal use 
of caudal anaesthesia in combination with general anaes- 
thesia for minor lower abdominal surgical procedures in 
paediatric patients. 

Despite patients having similar MAC values and 
comparable ages and body weights, VCO2 was higher 
during halothanc anaesthesia than during cnfluranc or 
isoflurane anaesthesia. This increased output may be 
caused by the different effects of  these volatile anaesthetic 
agents on catecholamine surge during anaesthesia, in that 
halothane anaesthesia is related to higher plasma cale- 
cholamine concentrations than enflurane and isoflurane Is 
and since increased plasma catccholamines may raise the 
metabolic rate and hence CO2 output. This explanation is 
in conformity with the finding of Joyco et at., ~9 who 
showed an increased surge of norepinephrine after indue- 
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tion of anaesthesia with halothane. The observation of a 
higher ~'CO2 with halothane anaesthesia has to be further 
investigated in controlled metabolic studies using the 
three volatile anaesthetic agents, halothane, enflurane, 
and isoflurane. However, the observation again demon- 
strates that there are unexpected variations of '~'CO2 
during anaesthesia and operation and emphasizes the need 
for its increased routine monitoring during anaesthesia in 
paediatric patients. 

We conclude that the average ~'CO2 is lower in young 
infants than in older infants and children when expressed 
on a weight basis. Opioid premedication does not seem to 
have any stabilizing effects on "v'CO2 during operation in 
children, whereas caudal anaesthesia in combination with 
general anaesthesia does have a stabilizing effect. Halo- 
thane anaesthesia was associated with a higher 'r  than 
enflurane or isoflurane anaesthesia. 
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Rrsum6 
L'~limination du COe (VCOz) a ~td mesar~e chez 186 
nouveau+ors et enfants dont le poids variait de 2.8 d 26.5 kg 
respirant spontandment. Tous ont subi une operation 
chirurgicale mineure. L'influence sur la VCO~ de l'r 
l'op~ration, la pr#m~dication, l'anesthdsie caudale et les 
diff~rents agents aneslh~siques volatils ont 6t# investiguds. Le 
volume du gaz expir~, pour des pdriodes de collection de trois d 
cinq minutes, ~tait mesur~ et la fraction du C02 expir~ ~tait 
d~termin~e par un capnom~tre. Sous des conditions 
anesthdsiques normales, l' dlimination moyenne durant 
l'op~ratioo correspondait d l'~quation: VCO~ (ml. rain - t )  = 
- 1.25X + 13.0X 2 ou X ~ ln~ (poids corporel, kg). Exprimds 
selon le poids, les nouveau-n~s (pesant moins que 5 kg) avaient 
les valeurs de ~'C02 les plus basses. Les valeurs plus ~lev~es 
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~taient mesurdes jusqu'd un poids de 10 kg au-delgt duquel une 

corrdlation ndgative est survenue entre la 9C0~ (ml. rain -~ . 

kg -l  ) et le poids corporel. La pr~mddication a amend des 

variations dans les valears de la VC02 durant les opdrations 

alors qu'on n'a retrouvs aucane variation en rabsence de 

pr~mddication. L'association de l'anesthdsie gdn~rale et de 

I'anesthdsie caudale a stabilisd la VCOz. Aussi les enfants 

anesthesias avec r halothane avaient des valeurs de (/C02 plus 

[levdes que ceux anesthdsids avec renflurane ou l' isoflurane (P 

< 0.05). La variation de la VC02 suggdre la ndcessit~ de la 

surveiUer durant une anesth~sie de routine chez les nouveau-n#s 

et les enfants. 


