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Age and the onset of 
desaturation in apnoeic 
children 

Most patients undergoing general anaesthesia are apnoeic dur- 
ing laryngoscopy and tracheal intubation. This study deter- 

mined the time until the onset o f  desaturation following pre- 
oxygenation in apnoeic infants, children, and adolescents. Fi~y 

ASA physical status I patients, 2 days to 18 yr o f  age, were 

studied. The patients were stratified into one o f  five groups 

according to age: Group 1, 0-6 mo; Group 11, 7-23 too; Group 
1II, 2-5 yr; Group IV, 6-10 yr; and Group If, 11-18 yr. Fol- 

lowing induction o f  anaesthesia with halothane via mask or 

intravenous barbiturates, the ability o f  the anaesthetist to ven- 
tilate the lungs via the mask was ascertained and paralysis was 
r with vecuronium 0.1 rag" kg -1. Manual mask 

ventilation was maintained with oxygen and halothane. When 
end-tidal N 2 decreased below 3% (minimum time two minutes), 
the face mask was removed. The time between the removal 
o f  the face mask and a decrease in oxygen saturation (Sp02) 
from 99-100% to 90% was measured. Manual ventilation was 

then resumed and the trachea intubated. Desaturation started 
earlier in infants than in two- to five-year-old children (96.5 
-t- 12.7 sec vs 160.4 :k 30.7 sec, P < 0.0001). Children became 

desaturated faster than adolescents (160.4 5:30.7 vs 382.4 -1- 
79.9 sec, P < 0.0001). The time required to reach 90% sat- 

uration correlated well with age by linear regression analysis 
(r 2 = 0.88, P < 0.0001). We conclude that the time to onset 
o f  desaturation following pre-oxygenation with mask ventila- 
tion increases with age in healthy apnoeic children. Adolescents 
can tolerate apnoea for longer than children, and infants exhibit 
desaturation faster than children. 

La plupart des patients demeurent en apnde pendant la la- 
ryngoscopie et l'intubation. Cette dtude precise l~ntervalle qui 

pr~cbde la d~saturation aprks prdoxyg$nation chez les nouveau- 
nds, les enfants et les adolescents. Cinquante patients ASA I, 

6g~s de deux jours h dix-huit ans, font partie de l~tude. Les 

patients sont rdpartis en cinq groupes scion leur ~ge: groupe 

1, 0-6 mois, groupe 11, 7-23 mois; groupe II1, 2-5 ans; groupe 

IV, 6-10 ans; groupe F, H-18 ans. Aprbs une induction au 
masque h 17~alothane ou aux barbituriques intraveineux, l'ha- 

bilet~ de ventiler les poumons au masque est constat$e et la 
paralyse initi~e avec du v~curonium 0,1 mg. kg -t. La venti- 

lation manuelle au masque est maintenue avec de l'oxygbne 

et de l'halothane. Quand le N 2 t$ld-expiratoire diminue sous 
3% (en deux minutes au minimum), le masque est enlev~. On 
mesure l'intervalle entre le retrait du masque et une baisse de 
la saturation en oxyg~ne (SpOz) de 99-100% ~ 90o7~ On re- 
prend la ventilation manuelle et la trach~e est intub~e. La d~sa- 
turation d~bute plus rapidement clans les deux premiers groupes 

que chez les enfants de deux d cinq ans (96,5 + 12,7 s vs 
160,4 + 30,7 s, P < 0,0001). Les enfants ddsaturent plus rap- 

tdement que les adolescents (160,4 + 30,7 vs 382,4 5:79,9 s, 
P < 0,0001). Le temps n~cessaire d l'atteindre 90% de d~sa- 

turation prdsente une bonne corrdlation avec l'dge comme le 
montre l'analyse de r~gression lindaire (r e = 0,88, P < 0,0001). 
Nous concluons que l~ntervalle qui prdc~de la ddsaturation 
apr~s la pr~oxyg~nation avec ventilation au masque augmente 
avec l~ge chez les enfants apndiques en bonne sant$. Les ado- 
lescents peuvent tol~rer l'apn~e plus longtemps que les enfants 
et les nourissons se ddsaturent plus rapidement que les enfants. 
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All patients who receive a muscle relaxant before tracheal 
intubation during general anaesthesia experience a var- 
iable period of apnoea during laryngoscopy and tracheal 
intubation. Apnoea begins when mask ventilation is 
stopped prior to tracheal intubation and ends following 
intubation when ventilation is resumed. Apnoea may also 
occur during procedures such as bronchoscopy. Although 
healthy adolescents can usually tolerate a period of ap- 
noea without becoming desaturated, infants may not. 
Newborns may become desaturated even before an un- 
complicated .intubation can be accomplished. The pur- 
pose of this study was to examine the effect of age on time 
until onset of desaturation (apnoea time) following pre- 
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TABLE Relationship between age and apnoea time (n = 50) 

T90% (sec) T90% (see) 
Group* Age Mean 4- SD Range 

1 2 d-6 mo 96.5 + 12.7 77 + 118 
II 7 mo-23 mo 118.5 + 9.0 79 - 163 
III 2-5 yr 160.4 4- 30.7 114 - 205 
IV 6-10 yr 214.9 4- 34.9 165 - 274 
V 11-18 yr 382.4 4- 79.9 185 - 490 

*10 pts in each group. 
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oxygenation with 100% oxygen via mask ventilation in 
apnoeic, anaesthetized infants, children, and adolescents. 

Methods 
The protocol was approved by the Institutional Review 
Board, and informed written consent was obtained from 
parents. Patients were stratified into one of five study 
groups according to age. Group I, 0-6 mo; Group II, 
7-23 mo; Group III, 2-5 yr; Group IV, 6-10 yr; and 
Group V, I l -  18 yr. 

No premedication was given. Anaesthesia was induced 
with oxygen and halothane via mask in 47 children with 
intravenous barbiturates in 13 patients. After placement 
of an intravenous catheter, vecuronium 0.1 mg- kg-t was 
administered. Manual ventilation via mask was continued 
via a semi-closed circle system with 100% O2 for at least 
two minutes following paralysis. Oxygen saturation was 
measured by Nellcor| pulse oximeter set in mode 1. Ap- 
propriate size oxisensors (Nellcor~ No. N-25 for infants 
and No. D-20 for children and adolescents) were used. 
End-tidal nitrogen (Nz) was measured by placing the end 
of the sampling tube of a mass spectrometer (SARA| 
system - Allegheny International Medical Technology) 
under the mask near the nostril. The face mask was re- 
moved when end-tidal N2 was <3% (after manual ven- 
tilation for at least two minutes). No attempt was made 
to alter the position of the patient's jaw or head. The 
time between removal of the face mask and a decrease 
in SpO2 from 99-100% to 90% (onset of desaturation/ 
apnoea time) was measured. Manual ventilation was then 
resumed. The trachea was intubated when SpO2 > 98% 
was restored. 

The relationships between the time to onset of desat- 
uration and the patient's age and weight were analyzed 
by linear regression analysis, and the fit characterised by 
the correlation coefficient r 2. Equality of the correlation 
coefficient was investigated by Fisher's z-transform, and 
differences between mean apnoea times for different age 
groups by the two-sample t test. Values are presented 
as the mean 4- SD. 

FIGURE 1 Relationship between duration of apnoea and patient 
age. 

FIGURE 2 Relationship between duration of apnoea and patient 
weight. 

Results 
Fifty ASA physical status I patients, ranging in age from 
two days to 18 yr, were studied. Ten patients were in- 
eluded in each group. Results are summarized in the 
Table. All patients had an SpO2 of 99-100% at the start 
of apnoea. Scatter-plots were drawn of the duration of 
apnoea before onset of desaturation vs age (Figure 1) 
and weight (Figure 2). Close correlations were found be- 
tween age and the time to onset of desaturation (r 2 ---- 



Patel el al.: D E S A T U R A T I O N  IN C H I L D R E N  773 

0.88, P < 0.0001) and between weight and duration of 
apnoea (r 2 = 0.77, P < 0.0001). After reinstitution of 
manual ventilation, SpO2 values continued to decline 
briefly in all patients before an upward trend was ob- 
served. The lowest SpO 2 value observed in our study 
was 83%. No arrhythmias or bradycardia were observed. 

Discussion 
Oxygen desaturation is relatively common in children un- 
dergoing general anaesthesia. In an apnoeic patient, the 
time to desaturation depends on the adequacy of preoxy- 
genation, functional residual capacity (FRC) of the lungs, 
and oxygen consumption of the body. There is no agree- 
ment in the paediatric anaesthesia literature concerning 
the optimal duration or method of preoxygenation. Vi- 
deira et al. I concluded that a three-minute period of 
preoxygenation maintained SpO2 at a safe level for a 
longer time in children than a one-minute pre-oxy- 
genation. In adults, preoxygenation at normal tidal vol- 
umes for three minutes leads to the same PaO2 values 
at the time of tracheal intubation as those achieved after 
similar breathing of 100% oxygen for five minutes. 2 Al- 
though healthy adult patients undergoing routine anaes- 
thetic induction receive adequate protection against hy- 
poxaemia with four maximal inspirations of oxygen, 
patients in whom a prolonged period of apnoea might 
occur after induction of anaesthesia should probably 
breathe oxygen for at least three minutes before the ad- 
ministration of anaesthetic drugs. 3 

Paediatric patients have smaller FRC in relation to 
closing volume and a relatively greater oxygen consump- 
tion rate than adults. The time to desaturation is, there- 
fore, likely to be less in children than in adults. In infants 
undergoing rapid-sequence induction following preoxy- 
genation, desaturation is not uncommon during laryn- 
goscopy and intubation in spite of preoxygenation. The 
FRC in children correlates well with height, weight, and 
age; but there is no difference in FRC between the 
sexes.4-6 The ratio of FRC to body weight increases with 
age. 4-6 Thorsteinsson et al.5 reported that the ratio of 
FRC to body weight was 17 5 : 4  ml-kg -I in infants 
and 24 + 6 ml-kg -I in children more than one year 
of age. Oxygen consumption is relatively greater in 
younger than in older children. 7-9 Oxygen saturation de- 
creases more rapidly in infants and children than in adults 
because the oxygen supply in the former is smaller, as 
a result of low FRC and higher rate of oxygen consump- 
tion. 

Determination of the safe apnoeic period following 
preoxygenation (i.e., the time until oxygen saturation de- 
creases to 90%) is particularly critical in a patient who 
must undergo emergency surgery shortly ffter ingestion 

of food. To avoid gastric distension, mask ventilation is 
avoided. The trachea is intubated as soon as the patient 
is judged to be adequately anaesthetized and muscle re- 
laxation complete. Based on their study of 61 patients 
between one month and 12 yr of age, Kinouchi et al. ~o 

concluded that SpO2 decreases to 95% more quickly in 
younger than in older children. In their study, the trachea 
was intubated after paralysis with vecuronium, and the 
lungs were manually ventilated. Apnoea was started by 
disconnecting the breathing circuit from the endotracheal 
tube. We initiated apnoea by removing the mask from 
the patient's face before intubation, because such a pro- 
cess more closely simulates the clinical situation during 
rapid-sequence induction. 

The true importance of each desaturation incident de- 
pends on the duration of desaturation, level of SpO2, 
and the health of the patient. It is often difficult to eval- 
uate the clinical importance of a brief, single SpO2 of 
85%. Cot6 et al. defined "major" events as those in which 
oxygen saturation was <85% for >--30 see; "minor" events 
as SpO2 < 85% for <30 sec. Jl,~2 We chose a cutoff limit 
of 90% because many other recent studies have defined 
a saturation of <90% as hypoxaemia or as significant 
desaturation. 13-15 

In healthy anaesthetized apnoeic adults, oxygen sat- 
uration decreases to 90% in 364 sec; in obese adults, desat- 
uration occurs in 163 sec. t6 By comparison, in infants 
and children (two days to ten years) desaturation occurs 
in 96-214 sec. 

In conclusion, the results of this study confirm the clin- 
ical impression that infants and children become desat- 
urated more raidly than adolescents. In infants, the time 
to desaturation may be so short as to allow only one 
attempt at intubation. If the first intubation attempt is 
unsuccessful, such patients may require mask ventilation. 
Time to onset of desaturation following ventilation with 
100% oxygen increases with age among the paediatric 
surgical patients. 
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