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Ventilation during total 
intravenous anaesthesia 
with ketamine 

Total intravenous anaesthesia with ketamine (TIVAK) is widely 

used throughout the world especially in precarious conditions. 
Although ketamine is usually considered to provide good res- 

piratory function and may be used with spontaneous venti- 

lation, recent studies have shown that desaturations may occur. 
Seventy-six adults and 64 children scheduled for peripheral 
surgery were randomly allocated to breathe spontaneously room 

air or 40% oxygen during TIVAK. Pulse oximetry was con- 
tinuously assessed during anaesthesia and recovery. Desatura- 

tion (SpO 2 < 92%) occurred immediately after induction in 
20 adults breathing air and in only three adults breathing oxy- 
gen (P < 0.05). Respiratory abnormalities were sufficiently se- 
vere to warrant tracheal intubation in two patients. Desatu- 
rations were not observed during the recovery period. Very 

similar results were observed in children although desaturations 
observed after induction in paediatric patients breathing room 

air were less frequent than in adults occurring in only nine 
patients. These desaturations were also less severe and never 

required tracheal intubation. The high incidence o f  arterial 
desaturation observed immediately after induction o f  anaesthe- 
sia with intravenous ketamine should prompt anaesthetists to 

provide oxygen in every adult patient at least for the first 15 
min. The large decrease in Sp02 sometimes observed requires 
that trained personnel be present and that equipment for tra- 
cheal intubation be available. 

L'anesth~sie g~n~rale utilisant uniquement la k~tamine par voie 
intraveineuse est tr~s largement employee dans les pays en voie 
de d~veloppement ou en situation de guerre. Bien que la k~ta- 
mine soit volontiers consid~r~e comme associ~e ~ de bonnes 
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conditions ventilatoires et permette le maintien de la ventilation 
spontan~e, des ~tudes r~centes rapportent la survenue de d~sa- 

turations art~rielles mises en ~vidence par I'emploi continu de 

I'oxym~trie puls~e. Soixante-seize adultes et 64 enfants ont ~t~ 

randomis~s et ont regu soit de I'air ambiant, soit une Ft02 

de lbrdre de 40% au cours d'anesthdsie intraveineuse ~ la k~ta- 
mine en ventilation spontan~e pour une chirurgie p~riph~rique. 

La SpO 2 ~tait mesur~e en continu pendant l'anesth~sie et le 
r~veil. De nombreuses d~saturations an~rielles furent observ~es 
chez les adultes recevant de Fair imm~diatement apr~s l'induc- 

tion anesth~sique et datx patients durent s intubds en raison 
de la gravit~ des troubles respiratoires. Ces d~saturations ne 
furent pas observ~es au cours du r~veil chez ces ms patients. 

L'administration d'oxyg~ne chez les adultes permit d~viter la 

survenue de d~saturation. Des r~sultats analogues furent en- 
registr~s chez les enfants ~ la seule exception que les d~satu- 

rations observ~es en l'absence d'administration d'oxyg~ne furent 
moins nombreuses et moins profondes, ne n~cessitant jamais 

d'intubation trachdale. La grande frdquence des ddsaturations 
art~rielles en oxyg~ne observ~es immddiatement apr~s l'induc- 
tion anesth~sique doit imposer l'administration syst~matique 

d'oxygbne chez les aduhes anesthesias avec la k~tamine pendant 
au moins les quinze premieres minutes de l'anesth~sie. La 
skv~rit~ parfois rencontr~e de ces d~saturations n~cessite la 
presence de personnel entrainS, et de materiel d~ntubation. 

Total intravenous anaesthesia with ketamine (TIVAK) is 
widely used throughout the world especially in precarious 
hospital environments such as occur in war surgery. Total 
intravenous anaesthesia with ketamine is used in 30 to 
50% of anaesthetic cases in the surgical programme of 
the Red Cross. ~,2 There are many advantages to the use 
of ketamine in these circumstances. Moreover, such a 
simple anaesthetic technique may help local workers pro- 
vide safe and effective anaesthesia. 

Ketamine is usually considered to maintain good res- 
piratory function and may be used with spontaneous ven- 
tilation. One recent study a has shown, using continuous 
arterial oxygenation saturation (SpO2), that minor and 
transient desaturation occurred in only 6/56 adult patients 
breathing room air with TIVAK and scheduled for pe- 
ripheral surgery. These respiratory abnormalities always 
occurred immediately after induction of anaesthesia and 
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did not recur. By contrast, another study performed in 
similar conditions showed that severe (SpO 2 < 85%) 
desaturations were observed in 18% of adults breathing 
room air. 4 Since our personal experience with TIVAK 
is more in agreement with those reports describing res- 
piratory distress, #-7 we conducted this randomised study 
to examine (1) the incidence and the severity of desat- 
uration during induction, maintenance and recovery from 
anaesthesia and recovery with TIVAK, and (2) the po- 
tential benefit of oxygen administration which has not 
been previously investigated separately. Since children 
represent a large part of this surgical population, the 
study was conducted in adults and in children. 

Methods 
The study was carried out between March and June 1992 
at the Malte Order Hospital (French non-governmental 
organization) in Peshawar (Pakistan), capital of the 
North-West Frontier Province (altitude 500 m above sea 
level) where many Afghan refugee camps are located. 
The purpose of this surgical programme was to provide 
surgical facilities for civilian Afghan refugees and to train 
Afghan healthworkers. All ASA I or 2 patients scheduled 
for peripheral surgery without the use of muscle relaxants 
and with spontaneous ventilation were studied. Emer- 
gency patients and those presenting a contra-indication 
to ketamine (blood pressure > 160/90, ischaemic heart 
disease, recent cranial or ocular trauma, abnormal psy- 
chiatric status) were excluded. Preanaesthetic assessment 
included age and weight determinations and a simple 
scoring of obesity where 0 = thin patients, 1 = normal, 
2 = mild obesity, 3 = severe/morbid obesity. No pre- 
medication was given. 

In the operating room, a venous cannula was inserted 
and isotonic sodium chloride was infused to maintain 
hydration. Before induction of anaesthesia, adult patients 
and children were separately randomized into two groups 
for the administration of oxygen or air. Groups 1 (adults) 
and 3 (children) breathed room air from arrival in the 
operating room until discharge from the recovery area. 
Group 2 (adults) and 4 (children) breathed a 40% oxy- 
gen-air mixture via a face mask. s Anaesthesia was in- 
duced with 0.01 mg- kg -1 atropine, 0.1 mg- kg -t diaze- 
pam and 2.5 mg. kg -I ketamine injected slowly over one 
minute. Boluses of ketamine (1.25 rag. kg -I) were given 
as required during surgery. Spontaneous ventilation was 
maintained throughout the study. During anaesthesia and 
surgery, the patient's head was carefully positioned to 
maintain a patent airway. During recovery, the patients 
were placed in the lateral decubitus position and mon- 
itored for at least 45 min before discharge. The time from 
induction of anaesthesia until incision was recorded. All 
patients were monitored continuously during anaesthesia 

and recovery with a digital pulse oximeter (Nellcor 100| 
France). The SpO2 was recorded while the patient was 
awake and breathing quietly, two minutes after induction 
of anaesthesia and then every five minutes until discharge. 
Any desaturation to <92% was also recorded and treated 
immediately according to the suspected mechanism of 
desaturation. Central apnoea was treated by transient 
oxygen administration or by manual ventilation. When 
an obstructive pattern of ventilation was noticed, man- 
dibular traction was applied and a Guedel airway was 
inserted. If these simple techniques failed to improve oxy- 
genation, tracheal intubation was performed after suc- 
cinylcholine administration. 

Data for adult groups (Groups 1 and 2) and children 
(Groups 3 and 4) were considered separately for statistical 
analysis which included Student's t test and two-way 
analysis of variance for quantitative data and chi square 
test for qualitative data. A P value of <0.05 was con- 
sidered significant. 

Results 
Seventy-six adults and 64 children were included in this 
study. In three children and one adult, SpO2 monitoring 
became unsatisfactory during recovery. Groups of adults 
and children respectively receiving (or not) oxygen did 
not differ for age, weight, obesity score, ketamine dosage 
to maintain anaesthesia and patient position during 
anaesthesia and surgery (Table Ia and Ib). Surgery began 
6 + 3 rain after induction of anaesthesia (NS between 
groups). Duration of surgery was longer in adults breath- 
ing room air (Table Ia). The type of surgery performed 
is shown in Table II. In adults breathing room air, there 
was a decrease in arterial oxygen saturation immediately 
after induction of anaesthesia compared with control 
SpO2 measured before anaesthesia (Figure 1). Desatu- 
rations were less frequent (air: 20/40 patients versus oxy- 
gen: 3/36 patients, P = 0.001) and less severe in adults 
receiving oxygen. Similar results were observed in chil- 
dren (Figure 2). However, the number of these desat- 
urations was greater in adults (33%) than in children 
(18%) (P = 0.04) (Figure 3). Trachea/ intubation as a 
treatment of severe desaturation was necessary in two 
adults because of apnoea associated with generalised ri- 
gidity (Figure 3). By contrast, tracheal intubation was 
never required in children. All the events occurred within 
a few minutes after induction of anaesthesia except in 
two children in whom hypersalivation caused respiratory 
obstruction during the course of surgery. No desaturation 
occurred during the recovery period. 

Discussion 
We found that TIVAK was associated with impairment 
of oxygenation especially in the 15 min following induc- 
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TABLE la Characteristics of adult patients 
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Group 1 Group 2 
Adults without 02 with 02 Statistics 

Age (yr) 35.9 + 2.9 29.6 4- 2.0 NS 
Weight (kg) 59.5 + 2.0 59.2 + 1.8 NS 

Obesity score 
- Thin 2 2 NS 
- Normal 31 32 NS 
- Mild obesity 2 5 NS 
- Morbid obesity 1 1 NS 
Time (induction-incision) (min) 6.0 4- 3.1 5.8 4- 3.2 NS 
Duration of surgery (min) 29.7 + 2.9 39.7 + 3.7 P < 0.05 
Dose of ketamine during surgery (Ixg" kg -I �9 min -I) 81.6 + 9.5 66.7 + 4.1 NS 

Patients positions 
- Dorsal decubitus (n) 39 32 NS 
- Lateral decubitus (n) 1 4 NS 

TABLE Ib Characteristics of paediatric patients 

Group 3 Group 4 
Children without 0 z with 0 z Statistics 

Age (yr) 8.1 + 0.6 7.2 + 0.6 NS 
Weight (kg) 21.7 4- i.7 20.9 4- 1.6 NS 

Obesity score 
- Thin 2 6 NS 
- Normal 29 32 NS 
- Mild obesity i 0 NS 
- Morbid obesity I I NS 

�9 Time (induction-incision) (min) 5.7 + 3.3 6.2 + 3.4 NS 
Duration of surgery (min) 33.7 + 2.7 41.6 + 3.7 NS 
Dose of ketamine during surgery (~g '  kg -I �9 min-i) 110.0 + 11.9 92.8 + 4.0 NS 

Patients positions 
- Dorsal deeubitus (n) 30 31 NS 
- Lateral decubitus (n) l 2 NS 

tion of anaesthesia. Most of these desaturations were pre- 
vented by oxygen administration. The desaturations were 
usually mild with no clinical consequence and disap- 
peared spontaneously after a few minutes except in some 
adults in whom more severe desaturation requiring tra- 
cheal intubation was observed. Two adult patients with 
obesity scores of 2 and 3 respectively developed gener- 
alized muscle contracture with apnoea after injection of 
ketamine. Manual ventilation was impossible and because 
of severe desaturation (30 and 50% respectively) tracheal 
intubation was performed. This phenomenon has been 
described previously by Zsigmond et al.,7 Morgan et aL 9 

and Jahangir. l0 These data partially agree with those of 
Pesonen 3 who showed that several patients had brief pe- 
riods of desaturation. However, our interpretation of the 

data differs from that of Pesonen's who stated that "ar- 
terial oxygen saturation remained acceptable when pa- 
tients breathed air during ketamine anaesthesia." We have 
found several severe desaturations and this is in agreement 
with Pederson who noted severe desaturations in adults 
with TIVAK and recommend that oxygen be available. 4 

Our study is the fast to present a large group of chil- 
dren anaesthetised with TIVAK for surgical procedures 
and monitored with pulse oximetry. In other studies con- 
ducted in children, ketamine has been used for cardiac 
catheterisation or radiological procedures and ventilatory 
problems have also been described. In Malviya's expe- 
rience of anaesthesia for interventional cardiology in chil- 
dren, the incidence of upper airway obstruction and hy- 
percarbia was increased in patients receiving ketamine. 5 



Adul ts  Children 

Type o f  surgery n = 76 n = 64 

Orthopaedic 27 6 
Plastic 13 39 
Surgical dressing 7 4 
Umbilical/inguinal hernia I 6 
Ganglion biopsy 11 3 
Drainage of abscess 7 4 
Haemorrhoidal surgery 3 0 

- Peripheral urology 7 2 

Sp02 (~,) A d u l t s .  l ntraoperative 

'00 

98  

96 

94 

92- 

90 
Time (rain) 

Pre Oxy 2 5 ,0 ,5 20 25 30 35 40 45 50 55 60 
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TABLE II Types of surgery performed 

FIGURE 1 Evolution of arterial oxygen saturation (SpO2) during 
anaesthesia and surgery in adult patients. Group i represents patients 
breathing room air ("without oxygen") and Group 2 represents patients 
receiving oxygen ("with oxygen"). * P < 0.05 between groups. 

Also, Hickey et al.  6 used a similar technique for trans- 
catheter closure of atrial septal defects and concluded that 
"although general anaesthesia with spontaneous ventila- 
tion using ketamine and midazolam was usually safe and 
effective, tracheal intubation for control of airway and 
ventilation was sometimes (2%) necessary for safety and 
for optimal operating conditions." The high incidence of 
desaturation in our study may be explained by (1) the 
relatively large dose of ketarnine necessary to perform 
surgical procedures (as opposed to non-surgical proce- 
dures), (2) the systematic use of diazepam which may 
have potentiated the respiratory depressant effect of ke- 
tamine, and (3) the continuous SpO2 monitoring which 
allowed any desaturation to be detected. The desaturation 
occurred immediately after induction of anaesthesia, i.e., 
at the time of the highest plasma ketamine concentration. 
The mechanism(s) of desaturation may be partly related 
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FIGURE 2 Evolution of arterial oxygen saturation (SpO2) during 
anaesthesia and surgery in paediatric patients. Group 3 represents 
patients breathing room air ("without oxygen") and Group 4 represents 
patients receiving oxygen ('with oxygen"). * P < 0.05 between groups. 
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FIGURE 3 Minimal SpO 2 values observed in adults and children 
during anaesthesia with ketamine. Each point represents the minimal 
value for one patient. 

to airway obstruction but also to central ventilatory de- 
pression which is more pronounced when ketamine is 
used as a bolus. J l Decreases in SpO2 were less frequent 
and less severe in children than in adults although ke- 
tamine doses (related to body weigh0 were larger than 
those used in adults. The larger requirement of ketamine 
in children agrees with previous reports 12,13 and might 
be related to a decreased sensitivity to this drug in chil- 
dren. ,3 

We chose a lower limit of  SpO2 at 92% at which to 
commence treatment to improve oxygenation. This rel- 
atively high threshold was chosen for reasons of safety 
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since a large number of children were included and may 
have contributed to the large number of desaturations 
recorded. Finally, the observer (LMJ) was not blinded 
to oxygen administration. However, our results probably 
remain unaffected by this bias in design since pulse ox- 
imetry provided an objective assessment of arterial oxy- 
gen saturation. 

Conclusion 
Although total intravenous anaesthesia with ketamine is 
a useful technique, its reputation of respiratory safety 
needs to be reconsidered. Desaturation occurred espe- 
ciaUy in adult patients whereas it was less intense and 
less frequent in children. The high incidence of arterial 
desaturation observed immediately after induction of 
anaesthesia should encourage anaesthetists to provide 
oxygen administration in every patient at least for the 
fLrst 15 min after its administration. The large decrease 
in SpO2 sometimes observed requires that trained per- 
sonnel be present and that equipment for tracheal in- 
tubation be available. 
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