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Summary

Propofol is an intravenous anaesthetic which is chemically unrelated to other anaes
thetics. Induction ofanaesthesia with propofol is rapid, and maintenance can be achieved
by either continuous infusion or intermittent bolus injections, with either nitrous oxide or
opioids used to provide analgesia.

Comparative studies have shown propofol to be at least as effective as thiopentone,
methohexitone or etomidate for anaesthesia during general surgery. The incidence ofex
citatory effects is lower with propofol than with methohexitone, but apnoea on induction
occurs more frequently with propofol than with other anaesthetics. Additionally, a small
number ofstudies ofinduction and maintenance ofanaesthesia have found propofol to be
a suitable alternative to induction with thiopentone and maintenance with halothane, is
ojlurane or enjlurane. Propofol is particularly suitable for outpatient surgery since it pro
vides superior operating conditions to methohexitone (particularly less movement), and
rapid recovery in the postoperative period associated with a low incidence of nausea and
vomiting. When used in combination with fentanyl or alfentanil, propofol is suitable for
the provision of total intravenous anaesthesia, and comparative studies found it to be
superior to methohexitone or etomidate in this setting.

Infusions of subanaesthetic doses of propofol have been used to sedate patients for
surgery under regional anaesthesia, and also to provide sedation ofpatients in intensive
care. In the latter situation it is particularly encouraging that propofol did not suppress
adrenal responsiveness during short term studies. If this is confirmed during 'longer term
administration this would offer an important advantage over etomidate.

Thus, propofol is clearly an effective addition to the limited range of intravenous an
aesthetics. While certain areas of its use need further study, as would be expected at this
stage of its development, propofol should find a useful role in anaesthetic practice.

Pharmacodynamic Properties Single bolus doses ofpropofol2 to 2.5 mg/kg produce unconsciousness within I min-
ute in a majority of patients, although dose requirements are reduced in older patients
and by premedication with opioids. Anaesthesia can be maintained with intermittent
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bolus doses or continuous infusions: for example, an administration rate of 9 mg/kg/h
fully anaesthetised 85% of patients and rates of less than 6 mg/kg/h produced sedation,
but not unconsciousness, in most individuals.

Recovery from propofol anaesthesia is rapid. Psychomotor impairment following re
covery is minimal - following maintenance of anaesthesia with propofol significant in
creases in reaction times are evident for up to 30 minutes after surgery and a degree of
CNS sedation may be detectable for up to 3 hours. Comparative studies indicate that
propofol produces slightly less residual impairment of performance than methohexitone.
Propofol produces characteristic changes in EEG patterns which are correlated to blood
concentrations of the drug. It does not have the antanalgesic properties associated with
thiopentone, and has been shown to produce a low incidence of postoperative nausea.

Induction doses of propofol 2 mg/kg reduced systolic and diastolic blood pressures
by 16 and 11%, respectively, in un premedicated patients and 2.5 mg/kg reduced mean
arterial blood pressure by up to 32% in patients premedicated with papaveretum. These
actions of propofol are potentiated by the coadministration of fentanyl, and with this
combination of drugs blood pressure increases in response to surgery and intubation are
significantly reduced.

Induction with propofol is frequently accompanied by apnoea which may last more
than 60 seconds, and maintenance of anaesthesia with propofol infusions produces dose
dependent decreases in respiratory rate, tidal volumes and minute volumes. This res
piratory depression is increased by fentanyl, and when this is the case, the effect may
persist into the postoperative period.

Propofol was found to be about 1,000 times less potent than etomidate at inhibiting
ACTH-induced cortisol production in vitro. In clinical practice plasma cortisol concen
trations were reduced in anaesthetised surgical patients and patients sedated using sub
anaesthetic infusions, but propofol did not inhibit adrenal responses to exogenous ACTH
during short term administration.

Pharmacokinetic Properties Following bolus injections of propofol, blood concentrations decline rapidly. Admin-
istration by infusion produces an initial rapid increase followed by a slower rise to a
virtual steady-state, although blood propofol concentrations continue to increase asymp
totically throughout the infusion. The final steady-state concentration resulting from an
infusion of 9 mg/kg/h was estimated at 6 mg/L.

Propofol distributes rapidly and extensively from blood with a distribution half-life
of approximately 2 to 4 minutes and a volume of distribution (Vd) of between 209 and
1008L. In several studies the pharmacokinetic data best fitted an open 3-compartment
model, which indicates that propofol is probably distributed into 2 distinct tissue com
partments.

Propofol is metabolised rapidly, with 88% of an administered dose appearing in the
urine as a propofol conjugate (about 40% of urinary excretion products), conjugates of
4-hydroxy propofol (about 60%) and a small amount « 0.3%) of unchanged propofo!.
Estimates of total body clearance of propofol vary from 94 to 139 L'h, In studies where
a 2-compartment model was used, the elimination half-life (t'h) of propofol was usually
about 100 minutes, whereas when a 3-compartment model was found more appropriate
the elimination of propofol was considered biphasic, with a first-stage half-life (t'h/i) of
25 to 56 minutes, and a terminal elimination half-life (t'h) of 184 to 309 minutes fol
lowing single doses and 277 to 403 minutes following infusions.

Data from a small number of elderly patients show that the total clearance and initial
volume of distribution of propofol are reduced in old age. Preliminary reports suggest
that neither renal nor liver disease alter the pharmacokinetics of propofol, Other anaes
thetic drugs may affect the disposition of propofol - in particular the concomitant use
of fentanyl reduces its volume of distribution and elimination half-life, and also reduces
propofol clearance by about one-third.
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Clinical Studies During general surgical procedures lasting up to 3 hours using propofol in combin-
ation with nitrous oxide and/or opioid analgesics, induction and maintenance of anaes
thesia were rated 'good' or 'adequate/acceptable' in 84 to 100%of patients, with patients
always waking within 15 minutes of the end of surgery. In comparative studies, propofol
2 to 2.5 mg/kg was at least as effective as thiopentone 4 to 5 mg/kg and methohexitone
1.5 mg/kg for induction of anaesthesia, with less spontaneous movement than with
methohexitone and better recovery than after thiopentone, although propofol produced
the highest incidence of apnoea. Propofol was also considered superior to both of these
drugs for the maintenance of anaesthesia and usually produced more rapid recovery.
Preliminary studies also reported propofol for both induction and maintenance to be a
suitable alternative to induction with thiopentone and maintenance with halothane or
isoflurane, although this requires further confirmation.

Favourable operating conditions and rapid recovery were noted when propofol was
used as an anaesthetic for outpatient surgery. When compared with methohexitone in
this setting, recovery of normal psychomotor function occurred more rapidly in patients
anaesthetised with propofol and post operative nausea and vomiting occurred less fre
quently.

Although an infusion of propofol 12 mg/kg/h alone did not provide adequate anaes
thesia, the additional use of alfentanil produced good operating conditions in total intra
venous anaesthesia procedures. In comparative studies, propofol was superior to etom
idate for maintenance of anaesthesia when used in combination with either alfentanil or
fentanyl. The combination of propofol and alfentanil was also superior to methohexitone
plus alfentanil in terms of induction and recovery from anaesthesia.

Infusions of subanaesthetic doses of propofol (between about 3 and 6 mg/kg/h) have
been used to sedate patients for colonoscopy and for surgery using spinal analgesia. Sim
ilarly, critically ill patients under intensive care have been sedated with propofol infusions
of less than 2 mg/kg/h, and in these circumstances propofol allowed good control of the
depth of sedation and rapid recovery of spontaneous breathing when mechanical ven
tilation was withdrawn. Although plasma cortisol concentrations decreased during pro
pofol infusions, the adrenal response to ACTH was not affected during these short term
studies, in contrast to the depression of adrenal responsiveness seen with etomidate. If
adrenal function is similarly unaffected during longer term administration of propofol,
this will offer an important benefit in the intensive care setting.

Side Effects The most frequent side effect of propofol is pain during injection. This is experienced
by about 30% of patients when veins in the dorsum of the hand are used, but by only
6 to 8% of patients if administration is into the larger veins of the forearm or antecubital
fossa. Apnoea is common during induction with propofol and may last for more than
60 seconds. Excitatory effects are seen in about 14%of cases.

Isolated instances of bradycardia have occurred in patients anaesthetised with pro
pofol; these are usually associated with vagal stimulation and have not been clearly at
tributable to propofol itself. Epileptiform movements have also been reported in rare
instances, but again these could not be directly related to propofol. The only other serious
complications during surgery to which propofol may have contributed are a few reported
cases of severe hypotension.

Dosage and Administration Induction doses of propofol are best given as 40mg increments at 10-second intervals
until full anaesthesia is achieved. The dose required in adults is normally 2 to 2.5 mg/
kg, but older patients may require a lower dose. The rate of administration should be
halved in infirm patients. Anaesthesia can be maintained either with a continuous in
fusion of propofol (approximately 6 to 12 mg/kg/h) or with bolus injections of propofol
20 to 50mg as required.
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1. Pharmacodynamic Properties

Fig. 1. The structural formulae of propotol, methohexitone,
etomidate and thiopentone.

Propofol (2,6-diisopropylphenol; fig. 1) repre
sents a new class of intravenous anaesthetic agent,
being chemically unrelated to the barbiturate, ster
oid or eugenol agents.

Since propofol is only very slightly soluble in
water some form of solubilising agent is needed to
prepare the drug in a form suitable for intravenous
administration, and initially it was produced as a
1% solution in 16%'Cremophor EL'. However an
unexpectedly high occurrence of pain on injection
was observed during early clinical studies with this
preparation (Major et a1. 1981). This, and the pos
sible association between 'Cremophor EL' and an
aphylactic reactions to intravenous anaesthetics
(Clarke et a1. 1975; Dye & Watkins 1980) neces
sitated the development of an alternative formu
lation for propofol, and it is now produced as a 1%
w/v solution in an aqueous emulsion of 10% soya
bean oil, 2.25% glycerol and 1.2% purified egg
phosphatide.

Preliminary studies with this newer preparation
suggested that it may differ slightly from the ere
mophor-based formulation in terms of its phar-

macokinetic disposition (Kay et a1. 1986)and that
it may have a slightly reduced anaesthetic potency
(Glen & Hunter 1984). Consequently this review
will concentrate on the properties of the newer
emulsion formulation - where results are referred
to which were obtained with the cremophor-based
preparation, this will be specifically stated.

1.1 Anaesthetic Properties

1.1.1 Induction and Maintenance of
Anaesthesia
When propofol is administered as a single bolus

dose, induction of anaesthesia is dependent upon
both the dose and the speed at which the injection
is given. Rolly et a1. (1985) found that the mean
induction time (i.e. from the start of administra
tion to the loss of verbal contact) in 20 surgical
patients was 50.5 seconds when propofol 2 mg/kg
was given over 60 seconds, but was significantly (p
< 0.001) reduced to 21.5 seconds when the period
ofadministration was reduced to 5 seconds (fig. 2).
Similarly, induction was successful in 100% of
patients with the 5-second period of administra
tion, but in only 90% of patients with the 60-sec
ond period of administration (fig. 2).

Dose-ranging studies demonstrated that sensi
tivity to propofol is increased in the elderly (Dun
dee et a1. 1986b). Figure 3 shows the mean induc
tion times and percentage of successful inductions
for groups of 20 patients aged between 16 and 59
years given bolus injections of propofol 1.5 to 3
rug/kg, and for groups of 10 patients aged 60 years
and over given propofol 1.25 to 2.25 mg/kg,
Whereas a dose of at least 2.25 mg/kg was neces
sary for successful anaesthesia in the younger
patients, between 1.25 and 1.75 mg/kg appeared to
be adequate in the older patients. Further, in an
other study of unpremedicated patients where the
same age groupings were used, but where anaes
thesia was induced with an initial bolus dose of
propofol 1.25 mg/kg followed by 10mg increments
at 15-second intervals until verbal contact was lost,
the mean induction dose for the patients less than
60 years old (n = 187) was 2.01 mg/kg, whilst that
for the patients over60 years old (n = 82) was 1.64

Thiopentone
(sodium salt)Etomidate
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Fig. 2. The effect of speed of injection of a 2 mg/kg dose of

propofol on induction time (0) and % of successful inductions

(e) in unpremedicated patients; n =20 for each point (after Rolly

et al. 1985).

whilst an infusion of 9 mg/kg/h produced uncon
sciousness in 85% and light sedation in 15% of
patients (Gepts et al. 1985b). Evidently there is wide
variation in individual sensitivity to propofol.
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1.1.2 Effect ofPremedication on.
Propofol Anaesthesia
Premedication with either; atropine 0.5mg or

hydroxyzine 100mg given as an intramuscular in
jection 1 hour before surgery was found to have no
effect on inductiontimes or overall propofol re
quirements in a double-blind comparison with pla
cebo in 90 patients who underwent surgery after
induction with propofol 2 mg/kg, and in whom an
aesthesia was maintained with incremental pro
pofol and 70% nitrous oxide in oxygen (Bilaine &
Desmonts 1985). Similarly, no changes in propofol
anaesthesia were observed following premedica
tion with oral diazepam 10mg or intramuscular
pethidine (meperidine) 50 to 75 mg/kg with atro
pine 0.6mg (Briggs & White 1985), or oral mida
zolam 3mg with intramuscular atropine 0.5mg

40

50

rug/kg (p < 0.001) [Dundee et al. 1986b]. It is prob
able that these age-related changes in propofol sen
sitivity are a consequence of alterations in the dis
position of propofol (primarily a reduction in the
initial volume of distribution) which occur in the
elderly (section 204.1). Similar increases in sensi
tivity have been observed with other intravenous
anaesthetics in older patients, and these too have
been associated with pharmacokinetic changes
(Homer & Stanski 1985).

A number of groups have studied induction
times and success rates for anaesthesia with bolus
doses of propofol 2 and 2.5 mg/kg given to unpre
medicated patients, and these are shown in table
1. Whilst induction times were similar with both
doses (approximately 30 seconds), 2.5 mg/kg was
a more reliable dose in the younger patients for
ensuring complete anaesthesia (McCollum & Dun
dee 1986; McCollum et al. 1985).

The duration of sleep following single doses of
propofol has not been specifically studied, since this
has little relevance to actual anaesthetic practice,
although Kay and Stephenson (1981) demon
strated that sleep times increased proportionally
with doses of propofol (cremophor preparation) of
between 1 and 3 rug/kg. The mean duration of ef
fect (from induction to correct recall of date of
birth) ofa single bolus dose of3 mg/kg ofthe emul
sion preparation of propofol given to 21 unpre
medicated dental patients was 7.6 minutes (Logan
et al. 1987).

Propofol anaesthesia can be maintained by either
continuous infusion or repeated bolus injections,
and whilst the infusion rate needed to maintain
unconsciousness in 95% of cases (ED95) was cal
culated to be 6.7 mg/kg/h for patients premedi
cated with morphine 0.15 mg/kg (Spelina et al.
1986), higher infusion rates have often been re
quired in clinical studies (sections 3 and 4). Lower
infusion rates produce continuous sedation with
out full anaesthesia. In a study of 60 patients pre
medicated with glycopyrrolate OAmg an infusion
of propofol 3 mg/kg/h produced unconsciousness
and heavy and light sedation in 15, 40 and 45% of
patients, respectively; 6 mg/kg/h produced these
states in 40, 35 and 25% of patients, respectively,
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(Schaer 1986) in open studies involving 120 and
20 patients, respectively.

McCollum ct al. (1986) randomly allocated 320
patients to receive eit her no premedication, oral
diazepam IOmg, or either pethidine 50mg with
atropine 0.6mg or papaveretum 15 to 20mg with
hyoscine 0.3 to OAmg by intramuscular injection.

After I to 2 hours anaesthesia was induced with
doses ofpropofol from I. 75 to 2.5 rug/kg. and whilst
both diazepam and pethid ine/atropine had some
effect on propofol dose requirements, only the pa
pavereturn/hyoscine combination produced a sig
nificant decrease in dose requirements compared
to no premedication (p < 0.01). In the group pre-

100
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Fig. 3. Percentage of successful inductions (0) and mean ind uction times ( ) in patients aged 16 to 59 years (n = 20 for each dose)

and patients aged 60+ years (n = 10 for each dose) foll owing single bolu s injections of different doses of propofol (after McCollum

et al. 1985).
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Table I.: Induction of anaesthesia in unpremedicated surgical patients with single bolus intravenous doses of propofol

341

Mean inductionC Successful

time inductions

(sec) (%)

Reference

Cummings et al. (1984)

Fahy et al. (1985)

McCollum et al. (1985)

McCollum & Dundee (1986)

Rolly et al. (1985)

Patientsa Dose b

(mg/kg)
age (y) number

18-65 31 2.0

84 2.5

16-64 30 2.5

16-59 20 2.0

20 2.5

60+ 10 2.0

33 ± 12d 50 2.0

37 ± 12d 50 2.5

37 ± 14d 20 2.0

29

27

36

10

9
11

35

87

95

97

85

100

90

90

100

95

a All patients were class I or II using the American Society of Anesthesiologists Physical Status classification, l.e, they were either

healthy persons or patients with mild systemic disease.

b In all cases the stated dose was injected over 20 seconds.

c Defined as the time from the start of the injection to loss of verbal contact.

d Mean ± SO.

medicated with papaveretum/hyoscine the lower
dose of propofol (1.75 mg/kg) produced successful
induction of anaesthesia in all patients.

Although these studies were neither extensive
nor Ideally designed, It seems clear that the com
monly used premedications have little or no effect
on propofol anaesthesia except that the use of the
more potent opioids may reduce induction dose
requirements.

1.1.3 Psychomotor Function Following
Propofol Anaesthesia
Logan et a1. (1987) measured psychomotor

function in 21 patients who received single doses
of propofol 3 mg/kg and 19 who received metho
hexitone 2 mg/kg for simple dental extractions.
Critical Flicker Fusion Threshold (CFFT) values (a
measure of CNS arousal) and Choice Reaction
Times (CRT) were assessed before and 15 and 40
minutes after anaesthesia. Performance was im
paired at 15 minutes with both drugs; CFFT was
significantly reduced (p < 0.02) and the latency
component of CRT was significantly increased (p
< 0.02 for propofol, p < 0.01 for methohexitone),
whilst the motor component of CRT was also in-

creased in the methohexitone group (p < 0.05). By
40 minutes all psychomotor variables had virtually
returned to pretreatment values with the exception
that CFFT was still slightly reduced in the patients
who received methohexitone (p < 0.05). Balance
was also assessed by measurement of linear sway
and whilst methohexitone produced a highly sig
nificant (p < 0.01) increase in sway (i.e. impair
ment ·of balance) at 15 minutes, that seen in the
propofol group was not significantly different from
pretreatment values.

Mackenzie and Grant (1985a) carried out an as
sessment of psychomotor function in patients who
were anaesthetised with either propofol 2.5 mg/kg
or methohexitone 1.5 mg/kg followed by incre
mental doses of the same drug sufficient to main
tain light general anaesthesia in conjunction with
spinal blockade. Propofol and methohexitone pro
duced similar decreases in CRT, which weresig
nificant 30 minutes after awakening with both drugs
(p < 0.05 and p < 0.01, respectively), but only sig
nificant after 60 minutes with methohexitone (p <
0.001). Some degree of impairment was detectable'
at 120 minutes with both drugs, but by 240 min
utes the values had returned to pretreatment levels.
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Propofol produced slightly greater decreases in
CFFT than did methohexitone, with a significant
effect still detectable at 240 minutes (p < 0.01),
whereas the reductions in CFFf after methohexi
tone were only significant up to 120 minutes after
surgery (Mackenzie & Grant 1985a).

In another study, digit-substitution test scores
were significantly poorer (p < 0.01) for up to 180
minutes after surgery in 23 patients who received
methohexitone (1.5 mg/kg followed by increments
as required) when compared with 23 patients who
received propofol 2 mg/kg followed by increments
(Kay & Healy 1985). All patients were given alfen
tanil at induction (7 ~g,lkg) and during surgery when
needed. In the propofol group digit - substitution
scores returned to pretreatment values by 60 min
utes after the end of surgery, whereas this degree
of recovery did not occur in the methohexitone
treated group until after 180 minutes.

Other groups have examined psychomotor
function following induction with propofol and
maintenance with either isoflurane or propofol,
given as increments (Milligan et al. 1987) or as an
infusion (Zuurmond et al. 1987). Psychomotor
function tests (CRT and p-deletion tests) revealed
measurable effects with both anaesthetics for 20 to
30 minutes after surgery, and some reductions in
CRT values were detected for up to 40 minutes in
patients anaesthetised with isoflurane (Milligan et
al. 1987).

Overall, these studies demonstrate that the use
of propofol results in some degree of psychomotor
impairment in the immediate postoperative pe
riod. Nevertheless, recovery of psychomotor func
tion is rapid, and it is at least as good as metho
hexitone and isoflurane in this respect.

1.1.4 Effects ofPropofol on EEG Patterns
Electroencephalographic (EEG) activity was

monitored during induction and maintenance of
anaesthesia with propofol in 16 patients premedi
cated with fentanyl 1OO~g, droperidol 5mg and
atropine O.5mg (Herregods et al. 1988). Induction
was with a single dose of 2 mg/kg and maintenance
was achieved by an infusion of propofol 9 mg/kg/
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h, reduced to 6 mg/kg/h after 30 minutes, and 67%
nitrous oxide in oxygen. The mean EEG frequency
decreased on induction, with a proportional in
crease in 0 activity, but during the infusion the mean
frequency returned to just below pretreatment lev
els over the first 15 minutes and subsequently re
mained stable. This increase in mean frequency
corresponded to a proportional decrease in 0 activ
ity and increase in a activity. The mean amplitude
of the EEG increased on induction and then fluc
tuated during the infusion period.

When the infusion of propofol was stopped the
mean EEG frequency increased, with a propor
tional increase in {3 activity and the mean EEG am
plitude was unchanged. Blood concentrations of
propofol were found to be negatively correlated with
mean EEG frequency (r = -0.87) and positively
correlated with mean EEG amplitude (r = 0.47)
and the authors proposed that EEG changes could
be used to monitor anaesthetic depth, with an in
crease in mean frequency or the appearance of (3

activity indicating a lightening of anaesthesia.
Another characteristic effect of propofol on EEG

patterns was described by Hazeaux et al. (1987) who
found that high infusion rates (> 9 mg/kg/h) were
associated with periods of burst-suppression last
ing up to 15 seconds or longer.

1.1.5 Effects on Postoperative Pain, Nausea
and Vomiting
Analgesia is an essential part of an anaesthetic

procedure, and when a non-opioid intravenous drug
is used to produce unconsciousness analgesia is ob
tained by the use of opioids or the inhalation of
nitrous oxide. However, some intravenous anaes
thetics, notably thiopentone, have the disadvan
tage of increasing sensitivity to somatic pain (Dun
dee & Moore 1960).

When subanaesthetic doses of the cremophor
based preparation of propofol (0.25 to 0.5 rug/kg)
or thiopentone (0.5 to 1.5 rug/kg) were given to
groups of 20 patients awaiting surgery, comparison
of tibial pressure algesimetry readings taken before
and after drug administration showed that propo
fol had an analgesic effect in 35%, an antanalgesic
effect in 5%, and had no effect in 60% of patients
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(Briggs et al. 1982). In contrast, thiopentone was
antanalgesic in 60%, had no effect in 30%, and pro
duced analgesia in only 10% of patients (p < 0.001
for all effects). In a second study, control algesi
metry readings were taken prior to surgery and then
full anaesthesia was induced with propofol 2 mg/
kg or thiopentone 4 mg/kg and maintained with
intermittent doses of the induction drug and in
haled nitrous oxide. When patients regained con
sciousness, readings were taken at 2- to 3-minute
intervals until they had returned to within the pre
operative range. In the majority of the 20 patients
who received propofol residual analgesia was ap
parent, lasting for 40 to 50 minutes in some cases,
whilst in most patients who received thiopentone
sensitivity to pain was increased in the postoper
ative period and in a few instances this lasted for
up to 5 hours (Briggs et al. 1982).

Therefore, although it has no analgesic proper
ties as such, propofol does not produce antanal
gesia and is clearly superior to thiopentone in this
respect.

Gunawardene and White (1988) studied the oc
currence of nausea and vomiting in 29 patients who
received propofol for induction and maintenance,
a further 29 patients who also breathed nitrous ox
ide (66% in oxygen) and a third group of 32 patients
who were given enflurane (2 to 3%) and nitrous
oxide (66%) following propofol for induction. The
incidences ofpostoperative nausea in these 3 groups
were 0, 3.4 and 9.4%, respectively, with an overall
incidence of 4.4% for all patients. None vomited.

Retrospective analysis ofdata from 200 women
anaesthetised with propofol for minor surgery also
revealed a remarkably low incidence (1.5%) of
nausea, and an absence of vomiting, in the post
operative period (McCollum et al. 1987). In a sub
sequent comparative study of women premedi
cated with opioids, the incidence of postoperative
nausea and vomiting in patients who received
morphine 7.5mg (n = 40) was significantly lower
when propofol and nitrous oxide were used for an
aesthesia (0% up to 1 hour postoperatively; 25% 1
to 6 hours postoperatively) than when methohexi
tone was used as the intravenous agent (40% up to
1 hour postoperatively, p < 0.01; 65% 1 to 6 hours
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postoperatively, p < 0.05). In addition, of 7 patients
who were nauseated by the premedication and who
were anaesthetised with propofol, none experi
enced nausea in the first postoperative hour and
only 1 was nauseated during the following 5 hours.
In contrast, 4 out of a total of 6 of the metho
hexitone-treated patients were still nauseated in the
first hour after surgery, and for 2 this continued
into the following 5-hour period.

These findings concur with the low incidence of
nausea and vomiting reported in clinical studies
with propofol (see section 5), and those of Me
Collum et al. (1987) in particular suggest that pro
pofol may in fact have some antiemetic properties.

1.2 Haemodynamic Effects

1.2.1 Effects ofBolus Doses ofPropofol for
Induction ofAnaesthesia
Animal studies demonstrated propofol to have

cardiovascular effects which could be of import
ance in relation to its clinical use. Thus, Glen and
Hunter (1984) reported that single intravenous
doses ofpropofol3.75 mg/kg administered to mini
pigs produced increases in heart rate (approxi
mately 60%) and cardiac output (approximately
40%) and decreases in mean arterial blood pressure
(approximately 16%) and total peripheral resist
ance (approximately 33%). Maximal effects oc
curred 2 minutes after administration and all para
meters had returned to pretreatment levels after 15
to 20 minutes. More detailed investigations using
dogs anaesthetised with ketamine and fentanyl
showed that propofol 2.5 mg/kg reduced mean ar
terial blood pressure (p < 0.05) but that heart rate
was unaffected and cardiac output decreased (p <
0.05). Left ventricular pressure was also reduced
and a significant decrease was observed in the rate
of change of left ventricular force (dF/dt) [Brussel
et al. 1986].

Similar haemodynamic effects have been ob
served in man. Administration of single doses of
propofol 2 mg/kg to 20 un premedicated surgical
patients produced decreases of 11% and 16% in
systolic and diastolic blood pressures, respectively,
2 minutes after injection, whilst after 5 minutes
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Fig. 4. Mean blood pressures with mean percentage decreases
in systolic ( ) and diastolic (0) pressures. belore (Pre) and 1. 2
and 5 minutes alter administration 01 propotol 2 mg/kg to 20
surgical patients who received no other drugs (after Rolly et al.
1985).

these values had returned almost to pretreatment
values (fig. 4; Rolly et al. 1985). Similar decreases
in systolic blood pressure were reported by Me
Collum and Dundee (1986) following a compara
tive study of propofol 2 and 2.5 rug/kg, thiopen
tone 4 and 5 mg/kg, etomidate 0.3 rug/kg and
methohexitone 1.5 rug/kg, the results of which are
shown in table II. Whilst propofol 2.5 rug/kg pro
duced the greatest decrease in blood pressure (p <
0.05 when compared with thiopentone 5 rug/kg),
heart rate was only modestly increased (5%) by both
doses of propofol. In contrast, methohexitone 1.5
mg/kg increased heart rate by 24%.

In most clinical situations propofol has been
used in combination with premedications, opioid
analgesics or inhalation anaesthetics, some of which
themselves have potent cardiovascular effects, and
consequently the possibility of additive or syner-
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gistic effects on haemodynamic variables is of in
terest. In a randomised double-blind comparison
with placebo neither atropine 0.5mg nor hydroxy

zine IOOmg given as intramuscular injections I hour
before surgery significantly altered the hypotensive
effects of propofol 2 rug/kg as measured in 90
patients (Bilaine & Desmonts 1985). In random

ised non-blinded studies, premedication with oral
benzodiazepines (diazepam 10mg, midazolam
3mg), or intramuscular opioids (pethidine 50 to
75mg, papaveretum 15 to 20mg) and anticholin

ergic drugs (atropine 0.5 to 0.6mg, hyoscine 0.3 to
O.4mg) did not significantly change reductions in
blood pressures produced by propofol 1.75 to 2.5

mg/kg alone (Briggs & White 1985; McCollum et
al. 1986; Schaer 1986).

When 20 premedicated patients (Iormetazepam
Img) were assigned randomly to receive propofol
2.5 rug/kg with or without a concomitant dose of
fentanyl 3 ,ug/kg, it was found that the decrease in
mean arterial blood pressure was significantly
greater in patients who received fentanyl (24 vs

45mm Hg; p < 0.05), and that this was accom

panied by a significant reduction in heart rate that
did not occur with propofol alone (fig. 5; van Aken
et al. 1986).

In patients premedicated with a combination of

opioids and anticholinergic drugs propofol de
creased mean arterial blood pressure to a much
greater degree (by 22 to 32%) than did thiopentone

4 or 5mg (by < 10%), but had no significant effects
on heart rate (table III) . Propofol also produced
significant reductions in stroke volume, cardiac in
dex, systemic vascular resistance and left cardiac
work indices. The mechanism whereby propofol
produces these haemodynamic effects is not clear.

Direct vasodilation and negative inotropy may be
involved, but in most studies there may have been

contributory effects from other drugs. Although
hypotension during induction of anaesthesia can
be minimised by titrating the dose to a suitable
end-point, it would seem prudent to use propofol
with caution in hypovolaemicpatients and those
with impaired left ventricular function .
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Table II. Haemodynamic changes in unpremedicated surgical patients 2 minutes after administration of intravenous anaesthetics
(after McCollum & Dundee 1986)

Induction agent Doses No. of Mean decrease in Mean increase

(mg/kg) patients systolic blood in heart rate (0/0)

pressure (0/0) .

Propofol 2.0 40 15 5
2.5 50 17 5

Thiopentone 4.0 39 6 6
5.0 45 10 9

Methohexitone 1.5 46 24

Etomidate 0.3 50 5 3

a Administered as a single bolus over 20 seconds.

1.2.2 Effects of Induction and Maintenance of
Anaesthesia with Propofol
Coates et al. (1987) measured arterial blood

pressures throughout surgery in patients premedi
cated with morphine 0.15 mg/kg who were anaes
thetised with propofol 2 mg/kg followed by an in
fusion of propofol 3.2 mg/kg/h (n = 9) or 6.5 mg/
kg/h (n = 8) with 67% nitrous oxide in oxygen. In
both groups systolic blood pressure fell signifi
cantly from pretreatment levels (mean of
139mm Hg) during the 30-minute period ofanaes
thesia that preceded the start of surgery (mean de
crease of 48mm Hg with the lower infusion rate,
and 64mm Hg with the higher rate; p < 0.05 to p
< 0.001). Although arterial blood pressures in
creased during surgery with the patients breathing
spontaneously (mean systolic pressure during sur
gery of 98mm Hg with the lower infusion rate and
87mm Hg with the higher rate), systolic pressures
remained significantly below pretreatment values
(p < 0.01 and p < 0.001 for the low and high in
fusion rates, respectively). When ventilation was
subsequently controlled mechanically, systolic
blood pressures increased further. In patients re
ceiving the lower infusion rate, the mean systolic
pressure rose to 109mm Hg, which was not sig
nificantly different from the mean pretreatment
value. However, with the higher infusion rate mean
systolic pressure reached only 91mm Hg, which was
still lower than the pretreatment value (p < 0.001).

1.2.3 Effects of Intubation on Blood Pressure
Following Propofol Induction
General surgical manipulation and, in particu

lar, tracheal intubation tend to produce increases
in the arterial blood pressure of the anaesthetised
patient and in such circumstances the hypotensive
properties of propofol may be advantageous. In
deed, mean peak postintubation systolic blood
pressure (124mm Hg) was less than the pretreat
ment value (142mm Hg) in 8 premedicated (mor
phine 0.15 rug/kg) patients who received propofol
2 mg/kg for induction followed by an infusion of
6.4 mg/kg/h (with 67% nitrous oxide in oxygen) for
maintenance. This was not the case for 8 patients
maintained with a lower infusion rate of propofol
(3.2 mg/kg/h; postintubation mean systolic pres
sure of 142mmHg vs 132 pretreatment) [Coates et
al. 1986]. Further, in a group of 7 hypertensive
patients included in this study who received an in
fusion of 3.2 to 3.9 mg/kg/h, the peak postintu
bation blood pressures were considerably lower than
those measured before anaesthesia (141/65 vs 188/
76mm Hg). Similar results were seen in a group of
8 elderly patients (aged 56 to 70 years), premedi
cated with morphine 0.15 mg/kg, who received an
induction dose of propofol 2 mg/kg followed by an
infusion of between 3.2 and 3.9 mgJkg/h with the
addition of 67% nitrous oxide in oxygen (Monk et
al. 1987). Significant decreases in systolic (29%; p
< 0.05) and diastolic (22%; p < 0.01) blood pres-
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Fig. 5. Mean arterial blood pressures and mean heart rates of
surgical patients anaesthetised with propofol 2.5 mg/kg, either
with (0; n = 10) or without (e; n = 10) fentanyl 3 #9/k9. All
patients received lormetazepam 1mg 2 hours before surgery
and breathed 67% nitrous oxide once anaesthesia was induced;*= significantly lower than with propofol alone (after van Aken
et al. 1986).

many patients. This has been a consistent observ
ation in clinical studies where propofol has been
used to induce anaesthesia, and although the dur
ation ofapnoea is usually short (60 seconds or less)
it may persist for up to 3 minutes (Goodman et al.
1987). Similarly, the incidence of apnoea varies
considerably, occurring in between 50 and 84% of
patients and this may be dependent upon a variety
of factors, such as premedication, speed of admin
istration, dose and presence of hyperventilation and
hyperoxia. These last 2 effects can result from the
common practice of allowing patients to breathe
100% oxygen before induction (Goodman et al.
1987).

Detailed respiratory measurements in 16 un
premedicated surgical patients who received an in
duction dose of propofol 2.5 mg/kg revealed that
the apnoea was preceded by a rapid reduction in
tidal volume (usually accompanied by tachypnoea)
which was maximal about 30 seconds after injec
tion and then progressed into full apnoea. Breath
ing then resumed spontaneously with small tidal
volumes which increased over a period of about 1
minute to a steady rate (Goodman et al. 1987). The
changes in tidal volume (Vt), respiratory frequency
and minute volume (Vi) that occurred in 7 of these
patients upon induction and subsequent infusions
of 6 and 12 mg/kg/h are shown in figure 6. Both
Vt and Vi were decreased during infusion at 6 mgf
kg/h and showed a further reduction when the in
fusion rate was doubled, whilst the respiratory fre
quency increased to a maximum during the post
induction period then decreased slightly during the
constant infusions (fig. 6). The inspiratory duty
cycle (Ti/Ttot) was reduced during the lower rate
infusion and further decreased when the rate was
increased. In addition, analysis of the ventilatory
response to rebreathed carbon dioxide in 8 of the
patients indicated that an infusion of propofol 6
mg/kg/h reduced this response (determined as the
gradient of the carbon dioxide rebreathing curve)
to an average of 58%, within 95% confidence limits
of 32 and 84% (Goodman et al. 1987).

Grounds et al. (l987b) compared the ventila
tory effects of single induction doses of propofol
(2.5 mg/kg) and thiopentone (4 mg/kg) in 12 fe-
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sures followed induction, and whilst both in
creased in response to laryngoscopy and tracheal
intubation (53% for systolic and 47% for diastolic)
these did not exceed preinduction values. In a
comparative study of 51 unpremedicated patients
a greater increase in blood pressure resulted from
intubation following induction with thiopentone 5
mg/kg than with propofol 2.5 mg/kg (peak values
of 169/119 and 148/110mm Hg, respectively, p
value not given; Gauss et al. 1986).

1.3 Effects on Respiration

The first respiratory disturbance seen after
administration ofa bolus dose of propofol is a pro
found fall in tidal volume, leading to apnoea in
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Table III. Haemodynamic effects of propofol and thiopentone in premedicated surgical patients.
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Reference Premedication- Induction No. of Change in haemodynamic indices 2 minutes after

drug drug
pts induction (%)

[dose (mg)] [dose (mg/kg)] MAP HR CVP SV CI SVR LCWI LSWI

Grounds et al. Papaveretum [15-20] Propofol [2.5] 8 -32b 0 -9 -14d -12 -21 d

(1985) Hyoscine (scopolamine) Thiopentone [4] 8 -9c +12 -17d -16c -6 -5

[0.3-0.4]

Lippmann et al. Pethidine (meperidine) [50- Propofol [2.5] 21 -22d -2 +26 -18d -11 -35d -35d

(1986) 100]

Atropine [0.4] Thiopentone [5] 19 -5 +5 +29 -10 +12 -15 -21 d

Pentobarbitone

[50-75]

a Given as intramuscular injections 1.5 hours before surgery.

b p < 0.001 compared with preinduction values.
c p < 0.01 compared with preinduction values.

d p < 0.05 compared with preinduction values.

Abbreviations: MAP = mean arterial blood pressure; HR = heart rate; CVP = central venous pressure; SV = stroke volume;

CI = cardiac index; SVR = systemic vascular resistance; LCWI = left cardiac work index; LSWI = left stroke work index.

male patients premedicated with papaveretum (10
to 20mg) and hyoscine (0.2 to O.4mg). Significant
decreases were observed in Vi (p < 0.01), Vt (p <
0.001) and the mean inspiratory flow rate (Vt/Tr;
p < 0.05) following both drugs, with maximal ef
fects occurring between 1 and 2 minutes after the
start of induction. There were no significant dif
ferences between the drugs. Ventilatory frequency
and Ti/Tto t were also decreased, but these changes
were not statistically significant. The only differ
ence found between propofol and thiopentone was
that functional residual capacity fell following pro
pofol, but increased following thiopentone (p < 0.05
between treatments).

Opioid analgesics are respiratory depressants,
and their effects on respiration when combined with
propofol are thus of interest. A few studies have
specifically examined the combined action of pro
pofol and opioids on ventilatory indices. Taylor et
al. (1986) investigated the use of either atropine
(0.6mg, n = 18) or papaveretum 10 to 20mg with
hyoscine 0.2 to O.4mg (n = 20) as an intramuscular
premedication given 1 hour before induction ofan
aesthesia with propofol 2.5 rug/kg. The incidence
of apnoea was significantly greater in the papa-

veretum/hyoscine group (80% vs 55%; p < 0.05)
whilst maximum reductions in mean respiratory
rate were 53% (after 2 minutes) in the patients
treated with papaveretum/hyoscine and 34% (after
1 minute) in the atropine-treated patients (p < 0.001
and p < 0.05 from baseline values, respectively).
Similarly, mean minute volumes were significantly
reduced (p < 0.05 to p < 0.01 for both groups) for
at least 4 minutes after induction; maximal reduc
tions were 75% and 56% following papaveretum/
hyoscine and atropine, respectively, occurring 2
minutes after induction.

Enhanced respiratory depression with propofol
and an opioid has been shown to continue into the
postoperative period. Thus, fentanyl 3.5 ~g/kg or
placebo were given 5 minutes before anaesthesia
induction with propofol 2.5 mg/kg in 40 patients
who underwent surgery, with subsequent mainten
ance ofanaesthesia using isoflurane 0.5 to 1.5%with
60% nitrous oxide in oxygen (Streisand et al. 1987).
Measurements taken 60 minutes after the end of
surgery revealed that the ratio of expiratory vol
ume to end-tidal peo2 (VE/PE,CO) was 30 to 60%
less than baseline values in the patients who re
ceived fentanyl, but had returned to baseline val-
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1.4 Effects on Adrenocortical Function

700

Fig. 6. Tidal volumes. minute volumes and respiratory fre
quency in 7 unpremedicated patients before and after induction
with propotol 2.5 mg/kg and during infusions of propofol 6 and
12 mg/kg/h; * = not measurable (after Goodman et at, 1987).

Intravenous anaesthesia using etomidate has
been associated with marked suppression ofadren
ocortical function (Wagner et al. 1984), particularly
when used for continuous sedation of patients in
intensive care where it has been implicated with a
possible increase in mortal ity (Ledingham & Watt
1983; Ledingham et al. 1983). Consequently the
possible adrenocortical effects of a new intraven
ous anaesthetic are of considerable interest.

In isolated guinea-pig or bovine adrenal cell
models propofol was about I,OOO-foid less active
than etomidate in inhibiting adrenocorticotrophic
hormone (ACTH)-induced release ofcortisol (Ken
yon et al. 1985; Lambert et al. 1985), suggesting
that propofol would be unlikely to have any im
portant effects on adrenocortical function in clinical
use (Robertson et al. 1985). In vitro experiments
using different precursors revealed that propofol
inhibits cortisol production at an early stage in the
pathwa y, blocking the conversion of cholesterol to
pregnenolone, whilst both etomidate and thiopen
tone act as inhibitors of II ,B-hydroxylase, prevent
ing the final conversion of II-deoxycortisol to cor
tisol (Robertson et al. 1985).

Statisticall y significant changes in plasma cor
tisol concentrations have occurred in patients an
aesthetised with propofol. Kay et al. (1985) meas
ured plasma cort isol concentrations in two groups
of 10 surgical patients (separated according to
baseline concentrations) who were anaesthetised
with propofol. Following an induction dose of 2.5
mg/kg anaesthesia was maintained with 67% ni
trous oxide in oxygen and supplementary doses of
propofol 10 to 20mg as required, for a mean time
of 40 minutes in one group and 45 minutes in the
second. After 30 minutes of anaesthesia, plasma
cortisol concentrations in both groups were sig
nificantly lower than pretreatment levels (259 vs
270 nmol/L; p < 0.05 and 123 vs 207 nrnol/L, p
< 0.01), but by 3 hours after induction (approxi
mately 140 minutes after anaesthesia was stopped)
concentrations were at or above pretreatment lev
els in both groups (464 and 219 nmol /L, respec
tively). In a stud y by Herregods et al. (1987) 12
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ues in those who received placebo. This effect is
not exclusive to propofol and fentanyl in combin
ation , since similar results were observed when
thiopentone 4 mg/kg was used instead of propofol
for induction (Streisand et al. 1987).

In conclusion, although propofol clearly de
presses respiratory function, this occurs to a degree
which should not present the anaesthetist with any
difficulties in management (Goodman et al. 1987;
Taylor et al. 1986), at least in patients without pre
existing respiratory dysfunction.
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patients received propofol 2 mg/kg followed by an
infusion of 9 mg/kg/h, reduced to 6 mg/kg/h after
30 minutes, with supplementary nitrous oxide (67%
in oxygen). Plasma cortisol concentrations were re
duced at 1 hour after the start of the infusion (mean
of 0.47 vs 0.66 ~mol/L pretreatment), but this was
not statistically significant and 1 hour after the end
of surgery plasma cortisol concentrations had es
sentially returned to pretreatment levels (mean of
0.61 ~mol/L).

The effects of a bolus of propofol2.5 mg/kg on
adrenal function were compared with those of
etomidate 0.3 mg/kg and thiopentone 4 mg/kg in
groups of 10 patients each, who were subsequently
maintained with 1 to 2% enflurane and 50% ni
trous oxide in oxygen (Fragen et al. 1987). Plasma
cortisol concentrations were significantly reduced
(p < 0.05) in all groups 30 minutes after induction,
by 29%, 33% and 37% for propofol, etomidate and
thiopentone, respectively. In the group who re
ceived etomidate, plasma concentrations remained
at this reduced level for up to 210 minutes after
induction despite the administration of intraven
ous ACTH 0.25mg at 150 minutes. In contrast,
plasma concentrations of cortisol in the propofol
and thiopentone groups rose after the end of sur
gery (at about 80 minutes) and further increased
to significantly above pretreatment concentrations
(p < 0.05) following ACTH stimulation.

During subanaesthetic infusions of propofol
given to a small number of patients in intensive
care, plasma cortisol concentrations declined
steadily over the infusion period of 8 hours (New
man et al. 1987; section 4.2.3) but adrenocortical
responses to ACTH were not inhibited unless
etomidate had been given prior to the infusion.

Clinical experience seems, therefore, to concur
with in vitro studies, in that propofol does not in
hibit adrenal responsiveness to ACTH. The de
crease in basal cortisol production seen in patients
receiving propofol may be a consequence of gen
eral anaesthesia rather than a direct effect of pro
pofol itself (Fragen et al. 1987), and in intensive
care patients cortisol levels may already be de
creasing following the physiological effects of
trauma or surgical stress (Newman et al. 1987).
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Nevertheless, in view of the critical condition of
intensive care patients and the potential serious
ness of any adverse effects in such patients, more
studies should be carried out to confirm the suit
ability of propofol as an intravenous sedative in
this setting.

1.5 Effects on Cerebral Physiology

The effects of an induction dose of propofol 2
mg/kg followed by an infusion of 12 mg/kg/h on
cerebral metabolism and blood flow were investi
gated in 11 patients undergoing coronary bypass
surgery (Stephan et al. 1987). Under normal ven
tilatory conditions (i.e. normocapnia) a 51% de
crease in cerebral blood flow and a 55% increase
in cerebral vascular resistance occurred as a con
sequence ofa 36% decrease in cerebral oxygen con
sumption. These changes corresponded with de
creases in EEG activity and so were considered to
be the result of decreased neuronal activity during
anaesthesia rather than a direct action of propofol
on cerebral vasculature. In addition the normal
cerebral vascular responses to increases and de
creases in arterial pC02 (produced by hypo- and
hyperventilation, respectively) were maintained
during propofol anaesthesia.

Single doses of propofol 0.35, 0.8 and 2.5 mg/
kg given to conscious spontaneously breathing
patients (n = 9) undergoing minor neurosurgical
procedures produced dose-dependent reductions in
both intracranial pressure and cerebral perfusion
pressure (fig. 7; Siani et al. 1986b), effects that have
been confirmed with propofol 0.35 and 0.8 rug/kg
in surgical patients under controlled ventilation
(Zattoni et al. 1986) and using continuous infu
sions of propofol 6 and 12 mg/kg/h (Ravussin et
al. 1988; Siani et al. 1986a). Hartung (1987) re
ported that an induction dose of propofol 1 mg/kg
reduced intracranial pressure in 5 patients with head
trauma, and whilst cranial perfusion pressure was
decreased in 4 of 5 patients, this was to a degree
where cerebral perfusion may have been compro
mised in only I patient. Continuous infusion of
propofol 3 mg/kg for 8 hours to 10 patients with
head injuries similarly reduced intracranial pres-
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Fig. 7. Maximum percentage changes in cerebral perfusion
pressure (CPP) and intracranial pressure (ICP) in 9 conscious,
spontaneously breathing neurosurgical patients following bolus
doses of propofol 0.35 mg/kg (0). 0.8 mg/kg (_) and 2.5 mgt

kg ( ); * = p < 0.05. ** = p < 0.D1 (after Slam et a!. 1986b).

sure, with a maximum decrease of 40% occurring
after 4 hours (Mangez et al. 1987). The maximum
reduction in mean cranial perfusion pressure was
12% and at no time did this fall enough to ad
versely affect cerebral perfusion.

On the basis of these preliminary findings , pro
pofol seems to be a suitable anaesthetic for neu
rosurgical procedures. particularly in situations
where intracranial pressure is raised, but more de
finitive studies in this area are clearly required.

ICP

The induction doses of both drugs significantly
reduced lOP by about one-third (p < 0.0005 com
pared with baseline), but the administration of sux
amethonium subsequently increased lOP, to just
below baseline levels in the propofol group and to
just above baseline levels in the thiopentone group .
In those patients who received a second dose of
propofol, lOP again was reduced to significantly
below baseline (p < 0.0005), and the pressure re
sponse to intubation was obtunded in that lOP did
not exceed baseline values. In contrast, in those
patients who did not receive supplementary pro
pofol, and in all the patients treated with thiopen
tone, maximum postintubation lOP levels were
significantly higher than baseline (p < 0.05 to p <
0.001). Similar results were reported for 25 patients
to whom propofol was administered as a 2 mg/kg
bolus followed by an infusion of 9 mg/kg/h (Van
acker et al. 1986). The induction dose produced a
significant fall in lOP (p < 0.00 I) and a subsequent
induction of vecuronium (0.1 rug/kg, 2 minutes be
fore the start of the propofol infusion) produced a
further slight decrease. Postintubation values never
exceeded those recorded before induction.

Preliminary studies therefore indicate that pro
pofol can be used in ophthalmic surgery, as it has
advantageous effects on intraocular pressure which
additionally offset the unwanted increase in pres
sure that results from the administration of de
polarising muscle relaxants and from tracheal in
tubation. A recent study has also found propofol
to be suitable for elderly patients undergoing
ophthalmic surgery (Guedes et al. 1988).
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1.6 Effects on Intraocular Pressure 2. Pharmacokinetic Properties

Mirakhur and co-workers (1987) measured in
traocular pressure (lOP) in patients anaesthetised
with propofol 2 to 2.5 mg/kg or thiopentone 4.5 to
5 mg/kg (n = 30 in each group) . Following induc
tion, all patients received intravenous suxame
thonium I rng/kg and tracheal intubation was per
formed 2 minutes later, but in half of the patients
in each group an additional dose of induction agent
(I rng/kg propofol, 2 mg/kg thiopentone) was given
immediately before intubation.

The pharmacokinetic properties ofpropofol were
first assessed with the cremophor-based prepara
tion (Adam et al. I982a,b. 1983) which was never
marketed. Re-evaluation of the newer emulsion
based formulation revealed some pharmacokinetic
differences (Kay et al. 1986), and so the data pre
sented below will relate to this preparation, unless
the cremophor formulation is specifically identi
fied.

In addition, since the pharmacokinetic dispo-
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sition of intravenous anaesthetics may be affected
by both premedication drugs and inhalation an
aesthetics, many of the studies with propofol have
been carried out in patients undergoing routine
surgical procedures with standard anaesthetic reg
imens (Cockshott 1985), ensuring that the phar
macokinetic profile of propofol is relevant to the
clinical setting. In these instances all patients were
ASA class I or II (see section 3).

2.1 Blood Concentrations Following
Intravenous Administration

Following a single bolus injection of propofol,
blood concentrations of the drug decline rapidly
due to extensive distribution (section 2.2). Con
sequently the blood concentration immediately fol
lowing such administration cannot readily be
measured since it would decrease during the mix
ing period. Indeed, such information would be of
limited value since the onset of anaesthesia nor
mally occurs within one arm-brain circulation time
(section 1.1).

When propofol was administered as a contin
uous intravenous infusion of 9 mg/kg/h to 6 sur
gical patients an initial rapid increase in blood con
centrations over 10 minutes was observed, followed
by a slower rate of increase. Steady-state blood
concentrations had almost been achieved after 45
minutes but levels continued to increase asymp
totically over the whole infusion period. Using non
compartmental analysis it was calculated that a
mean steady-state blood concentration of 6.2 mg/
L would have been achieved in these patients
(Gepts et al. 1985a).

Administration of repeated bolus injections is
an alternative to continuous infusion for the main
tenance of anaesthesia. This approach was used in
patients undergoing surgery with a spinal anaes
thetic block (Knell & McKean 1985), in whom an
aesthesia was induced with propofol 2.5 mg/kg and
then maintained with doses of I mg/kg after 3 min
utes and subsequently at 6-minute intervals. This
regimen produced peak and trough blood propofol
concentrations of between 5 and 10 mg/L and I
and 2.5 mg/L, respectively, in 2 individuals for
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whom data are available (Cockshott 1985). In 3 of
5 patients in whom propofol kinetics were assessed
peak and trough concentrations increased slightly
over the period of anaesthesia (mean duration =
75 minutes) [Knell & McKean 1985]. This is con
sistent with the continued increase in blood con
centrations seen during constant infusions (Gepts
et al. 1985a).

2.2 Distribution

Blood concentration-time curves obtained fol
lowing single bolus injections show that propofol
very rapidly distributes from the circulation into
tissues (fig. 8). Estimations of the distribution half
life (tl/2<\,) have varied from 1.8 to 4.7 minutes (table
IV). Autoradiographic studies in rats demonstrated
that propofol appears in the brain within 30 sec
onds of intravenous administration (Rhodes &
Longshaw 1977), whilst pharmacokinetic modell
ing of human data indicated a mean blood-brain
equilibration half-life of 2.9 minutes (Schuttler et
al. 1986), findings which concur with propofol's
rapid onset of action (section 1.1).

The volumes of distribution of propofol in the
central compartment (Vde), at steady-state (Vdss)

and during elimination (Vd) are high (13 to 76L,
171 to 349L and 209 to 1008L, respectively; table
IV), reflecting extensive tissue distribution of pro
pofol related to its high lipophilicity (Cockshott
1985).

In most pharmacokinetic studies the data were
best described by an open 3-compartment model
(Gepts et al. 1987; Cockshott et al. 1987; Kay et
al. 1986), and this would indicate that the tissues
into which propofol distributes can be considered
in 2 groups; one consisting of well-perfused organs
and a second which has a more limited blood sup
ply (e.g. fat deposits).

2.3 Elimination

2.3.1 Metabolism and Excretion
When a subanaesthetic dose' of 14C-Iabelled pro

pofol was given intravenously to 6 male volunteers
(mean dose 0.47 rug/kg), 88% of the administered
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Fig. 8. Mean blood propofol concentrations in 6 female patients with normal hepatic and renal function following induction doses
of propofol 2.5 mg/kg (after Cockshott 1985).

radioactivity was recovered in the urine, whilst less
than 2% was excreted in the faeces (Simons et al.
1985, 1988). Analysis of the radioactive material
excreted in urine revealed that less than 0.3% was
unchanged propofol, whilst approximately 40%was
propofol glucuronide and the remainder consisted
of the 1- and 4-glucuronide and 4-sulphate conju
gates of 2,6-diisopropyl 1,4-quinol (fig. 9). Metab
olism of propofol is rapid; in the above study un
changed propofol accounted for 94% of the
radioactive material in blood 2 minutes after in
jection, but after 30 minutes 81% of the radioac
tivity was in the form of metabolites.

The total clearance of propofol given either as
a bolus injection or as an infusion to patients re
ceiving no other anaesthetic agent was between 94
and 139 Llh (table IV). With the exception ofthose
patients pretreated with fentanyl luoag (Cockshott
et al. 1987; see section 2.5), a similar range was
observed when supplementary anaesthetics were

given (108 to 136 L'h; table IV). Since normal he
patic blood flow in man has been estimated to be
between 66 and 108 L'h (George 1979), these clear
ance values for propofol suggest that some extra
hepatic metabolism occurs (Cockshott 1985), par
ticularly as hepatic blood flow is reduced in an
aesthetised patients (Nies et al. 1976).

2.3.2 Elimination HalfLife
The pharmacokinetics of propofol have been

described using both open 2-compartment (Schut
tler et al. 1985, 1986;Simons et al. 1988)and open
3-compartment models (Cockshott et al. 1987;
Gepts et al. 1987; Kay et al. 1986). In those studies
where a 2-compartment model was used the elim
ination half-life values ranged from 92 to 106 min
utes (table IV).

In those studies where a 3-compartment model
was utilised elimination of propofol was found to
be biphasic. The first stage was rapid with a half-
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Urine

Glucuronidation
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sulphation

< 0.3%

CH(CH3)2
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A(CH3l2

'Lf:0H---~""---------+
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~ /IGlucuronidation I

Propotol

Fig. 9. The metabol ism and urinary excretion of propofol (after Simons et al. 1988).

life (t'/1jj) of 25 to 56 minutes, whilst the terminal
elimination phase occurred more slowly with a half
life (tv,.,.) of 184 to 309 minutes following single
bolus injections, and of 277 to 403 minutes follow
ing continuous infusions (table IV). Since this ter
minal elimination phase is probably a consequence
of the slow return of propofol from a poorly per
fused compartment, this apparent increase in t'/1.,.
following continuous infusion may be due to ac
cumulation of propofol in this compartment.

2.4 The Effects of Age, Sex, and Renal and
Hepatic Disease on the Pharmacokinetics
of Propofol

2.4.1 Effects ofAge
The pharmacokinetics ofpropofol have been as

sessed in only a small number of elderly patients
(Kirkpatrick et al. 1988). Data were obtained for
12 elderly patients (65 to 80 years) who received
single bolus injections ofpropofol2 rug/kg and were
compared with those obtained from a control group
of 12 younger patients (18 to 35 years) who re-

ceived doses of 2.5 mg/kg, In both groups papa
veretum (10 to 20mg intramuscularly) was given I
hour before surgery and anaesthesia was main
tained with up to 1% halothane/67% nitrous oxide
in oxygen. For both study groups the data were
fitted to an open 3-compartment model. The ter
minal elimination half-life was similar for both the
elderly (834 minutes) and younger patients (674
minutes), but propofol clearance was significantly
reduced in the elderly 86 vs 107 L'h: p < 0.05).
The initial volume of distribution (Vdc) was sig
nificantly reduced in the elderly (\ 9.6 vs 26.3L;
p < 0.05).

The reduction in clearance suggests that metab
olism ofpropofol is reduced in the elderly, possibly
as a result of the reduction in hepatic blood flow
that occurs with age (George 1979). Blood concen
trations ofpropofol at 2 minutes after injection were
significantly higher in the elderly patients (6.1 vs
4.2 mg/L; p < 0.02). This is a result of the decrease
in Vd, in these patients and probably explains why
the elderly are more sensitive to propofol (Dundee
et al. 1986b).
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2.4.2 Effects ofSex
Kay and associates (1986) compared the phar

macokinetics of propofol in male and female sur
gical patients and found no significant differences
in clearance, volumes of distribution and distri
bution and elimination half-lives (table IV). The
ratio of volume of distribution at steady-state (Vdss)

to volume of distribution during elimination (Vd)
was relatively low in these patients (0.58 or less),
again probably as a result of retention of propofol
in poorly perfused fat deposits, but was signifi
cantly higher in men than in women (p = 0.021;
Kay et al. 1986).

2.4.3 Effects ofRenal and Hepatic Disease
Mean distribution and elimination half-lives

were measured in 4 patients with renal insuffi
ciency who were undergoing abdominal surgery and
were found to be slightly lower than in a similar
group of 6 patients with normal renal function, but
the differences were not statistically significant. In
addition, total propofol clearance values were sim
ilar in the 2 groups (renal insufficiency, 111 Ljh;
normal renal function, 100 L/h) [Morcos & Payne
1985], and on the basis of these limited findings it
would seem that renal disease does not seriously
alter propofol pharmacokinetics.

Servin et al. (1986) studied the pharmacokin
etics of an induction dose of propofol 2.5 mg/kg
in 10 patients with uncomplicated liver cirrhosis
compared with a group of 10 patients with normal
liver function. No significant pharmacokinetic dif
ferences were found between the groups, and the
authors suggested that extrahepatic metabolism of
propofol may compensate for reduced liver func
tion.

2.5 Effects of Other Anaesthetic Drugs on
Propofol Pharmacokinetics

Inhalation anaesthetics such as halothane re
duce hepatic blood flow (Nies et al. 1976), and
therefore have the potential to affect metabolism
and clearance of many drugs. Similarly, fentanyl
- frequently used as an analgesic during surgery 
has been shown to alter the pharmacokinetic pro-
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file of etomidate. Cockshott et al. (1987) investi
gated the possible effects of both of these drugs on
the disposition of a bolus dose of propofol 2.5 mg/
kg in surgical patients who also received nitrous
oxide (table IV).

The use of halothane to maintain anaesthesia
resulted in a reduction of the volumes of distri
bution of propofol both in the central compart
ment (by 16%) and during the elimination phase
(by 36%), whilst pretreatment with fentanyl pro
duced even greater decreases in these volumes (by
47% and 46%, respectively). The rate of elimina
tion of propofol was also affected by these drugs;
the half-lives ofthe two elimination phases (t1hll and
tIj2"Y) were reduced by 24% and 35%, respectively,
by halothane and 24% and 27% by fentanyl. In ad
dition pretreatment with fentanyl reduced the
clearance of propofol by 32% (table IV).

2.6 Blood Concentrations and
Pharmacodynamic Effects

Whilst no data are available on the blood con
centrations of propofol required to produce anaes
thesia, a number of authors have measured con
centrations at the time of awakening. In a study of
18 patients (pretreated with glycopyrronium bro
mide), in whom anaesthesia was induced and
maintained with infusions of propofol 3, 6 and 9
rng/kg/h, the blood concentrations at awakening
ranged from 0.74 to 1.66 mg/L (Gepts et al. 1987).
Similarly, in 12 patients who were anaesthetised
with a bolus injection of propofol 2.5 mg/kg and
followed by repeated doses of 1 mgjkg at 3 minutes
and then at 6-minute intervals, awakening oc
curred when the blood concentrations fell to be
tween 0.9 and 1 mg/L, although in this study pre
treatment with oral diazepam 10mg or lorazepam
2.5mg may have added to the hypnotic effect of
propofol (Knell & McKean 1985). These findings
in surgical patients agree with data obtained from
8 volunteers who received a single bolus dose of
propofol 200mg - in this instance the mean blood
concentration on awakening was 1.1 mg/L,

In some patients a small secondary peak in blood
propofol concentration has been observed at the
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time of, or soon after, regammg consciousness
(Cockshott et al. 1987; Kay et al. 1986; Schuttler
et al. 1985). It is not known whether this peak. is
due to a local effect at the sample site, such as the
return of propofol into the blood from adjacent tis
sues, or whether it is a true increase in systemic
concentration (Cockshott et al. 1987).

3. Use of Propofol in General Surgery

The clinical performance of propofol as an an
aesthetic has been studied in a number of trials

"-
involving a range of general surgical procedures
(this section), and also in some more specific pro
cedures or circumstances (section 4).

Propofol has mostly been compared with the
other intravenous anaesthetics thiopentone,
methohexitone and, to a lesser extent, etomidate,
but a few studies have compared propofol with the
inhalation anaesthetics halothane, isoflurane and
enflurane. A problem of such comparative studies
is that it is not realistically possible to give anaes
thetics in a double-blind fashion. Events that occur
during surgery - cough, apnoea, movement, etc. 
can be recorded and quantified in an objective
manner, but the final assessment by the anaesthe
tist of how the anaesthetic performed will be an
overall impression of these factors and others, such
as 'smoothness' of induction, which are not so eas
ily defined or measured, and may therefore be in
fluenced by investigator bias. However, postoper
ative assessment of the condition ofthe patient can
be done under double-blind conditions, and in
many of the studies with propofol this has been
the case.

Surgical patients are classified according to the
American Society of Anesthesiologists (ASA)phys
ical status grading. Normal healthy persons are ASA
class I, and patients with mild systemic disease are
ASA class II, whilst ASA class III patients have
serious systemic diseases which are not incapaci
tating. Class IV patients have an incapacitating dis
ease which is a constant threat to life and those
who are not expected to survive 24 hours without
an operation are ASA class V. With the exception
of the studies of propofol for sedation of patients
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in intensive care (section 4.3.2), and undergoing
cardiac surgery (section 4.4), all the clinical studies
were carried out in ASA class I, II or III patients.

3.1 Non-Comparative Studies

Details of a number of non-comparative studies
of propofol for both the induction and mainten
ance of anaesthesia are shown in table V. Induc
tion doses ranged from 2 to 3 mg/kg, whilst main
tenance of anaesthesia was managed by either
intermittent bolus injections or a continuous in
fusion. Analgesia was provided with nitrous oxide,
either alone or in combination with opioids (fen
tanyl and pethidine). Despite a varying duration of
anaesthesia from 6 minutes to up to 3 hours, re
covery was rapid in all studies (mean recovery time
of 15 minutes or less), and the overall consump
tion rate ofpropofol was remarkably consistent be
tween studies in spite of variations in premedica
tions and supplementary analgesics. The exception
to this is the high consumption rate reported by
Martinelli et al. (1986) of 33 mg/kg/h, and in this
case the procedures were so short that the induc
tion dose disproportionately contributed to the
overall consumption rate.

Subjective assessments by anaesthetists rated
induction and maintenance of anaesthesia with
propofol to be 'good' or 'adequate/acceptable' in
84 to 100% of patients (table V). Where recovery
was assessed in 1 study only (Hunter et al. 1985)
it was considered 'adequate' or 'good' in all patients.

Although propofol has been successfully used
with only the addition of inhaled nitrous oxide for
analgesia (table V), Dundee et al. (l986a) found
that this was usually associated with some move
ment in response to skin incision when the pro
pofol infusion rate was about 8 to 14 mg/kg/h and
nitrous oxide was at 67%. However, they reported
that this could be overcome in operations lasting
up to 1 hour by the administration of a small dose
of fentanyl (1 ~g/kg) just before induction.

3.2 Comparative Studies

Propofol has been compared with other intra
venous and inhalation anaesthetics for induction
and maintenance of anaesthesia in a range of gen
eral surgical procedures (table VI).

358

Comparisons with methohexitone for both in
duction and maintenance (in combination with ni
trous oxide) always found propofol to be at least
as effective as methohexitone, irrespective of pre
medication and the use of additional analgesics.
Recovery from propofol anaesthesia was often sig
nificantly faster, although Sampson et al. (1987)
only found a significant difference for patients who
were anaesthetised for at least 50 minutes, and
Mackenzie and Grant (1985a) reported virtually
identical recovery times after both drugs.

On the basis of the limited data available from
these studies, propofol seems to produce a higher
incidence of apnoea on induction than metho
hexitone, but there is less movement during the
induction period with propofol. The latter was par
ticularly apparent when no premedication or other
drugs were given (analgesia being provided by re
gional blockade), when the incidence of movement
was 75% with methohexitone but only 20% with
propofol (Mackenzie & Grant 1985a). Similar in
cidences of movement occurred during mainten
ance (methohexitone 60%,propofol 15%; p < 0.0l).
The same authors reported that anaesthesia with
methohexitone 1.5 mg/kg followed by an infusion
of 12 mg/kg/h supplemented with 66% nitrous ox
ide in patients premedicated with papaveretum/
hyoscine proved unacceptable because of an ex
cessive level ofexcitatory effects and movement in
response to surgery, whereas the use of propofol 2
mg/kg followed by an infusion of 18 mg/kg/h, re
duced after 10 minutes to give a mean mainten
ance infusion rate of 13 mg/kg/h, in the same cir
cumstances was found to be satisfactory when used
in a group of 40 patients (Mackenzie & Grant
1985b).

Propofol has also been compared with thiopen
tone for induction and maintenance (table VI;
Henriksson et al. 1987), and again propofol was
associated with significantly shorter recovery times
and was found to be superior by anaesthetists'
overall assessments.

Use of propofol for both induction and main
tenance of anaesthesia was also reported to be a
suitable alternative to induction with thiopentone
and maintenance with inhalation anaesthetics -
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halothane, isoflurane and enflurane - and recovery
was often quicker after propofol anaesthesia (table
VI).

Thus, propofol compares well with other intra
venous and inhalation anaesthetics in a wide range
of general surgical procedures, and results in more
rapid recovery in most situations. Several authors
have commented additionally on the good 'quality
of recovery' after propofol, with regard to clear
headedness and alertness (Henriksson et a1. 1987;
Jessop et a1. 1985; Mackenzie & Grant 1985a).

4. Clinical Use of Propcfol in
Specific Settings
4.1 Propofol for Outpatient Surgery

The need to make more efficient use of hospital
resources has led to an increasing number of minor
surgical procedures being carried out on an out
patient (day-case) basis. In such circumstances an
important requirement is that recovery from an
aesthesia should be rapid with minimal residual ef
fect.

Non-comparative studies (table VII) showed that
induction and maintenance using propofol with an
additional small dose of fentanyl provided ade
quate anaesthesia for short gynaecological or uro
logical procedures. Recovery was rapid and there
was a very low incidence of postoperative nausea
or vomiting. The fact that a number of patients
reported feelings of hunger or asked for food in
dicates good recovery from the effects of the an
aesthetic.

A number of studies have compared metho
hexitone with propofol for induction and mainten
ance, or for induction only followed by inhalation
anaesthesia (table VII). Immediate recovery times
were either equivalent for the two drugs or were
shorter after propofol, with the exception of one
study where single bolus injections were used to
facilitate dental extractions (Logan et al, 1987).

Although recovery from anaesthesia with either
propofol or methohexitone was sufficient to allow
patients to be sent home on the same day as sur
gery was performed, psychomotor performance tests
showed that functional impairment was less pro-
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longed after propofo1. Walking ability and correct
balance also returned more quickly after propofol
anaesthesia, whilst nausea and vomiting were more
frequent in the patients who received methohexi
tone. Overall assessments of anaesthesia and re
covery generally found propofol to be the superior
drug (table VII). Results from take-home question
naires which were used in one study indicated that
patients generally felt better after propofol anaes
thesia and that this difference persisted after dis
charge (Kay & Healy 1985).

Isoflurane has been compared with propofol for
the maintenance of anaesthesia following induc
tion with propofol in outpatient surgical proce
dures (table VII; Milligan et a1. 1987; Zuurmond
et a1. 1987). Again, although both provided ade
quate anaesthesia and rapid recovery, psychomo
tor performance improved more rapidly after
maintenance with propofol (Milligan et a1. 1987).

4.2 Propofol for Total Intravenous
Anaesthesia

In a non-comparative study intravenous anaes
thesia using propofol alone was found to be in
adequate in premedicated (fentanyl 50 to 100#Lg and
droperidol 2.5 to 5mg) patients undergoing laryn
geal microsurgery; 9 of 12 patients who received 2
mg/kg followed by an infusion of 12 mg/kg/h had
periods ofarrhythmia during surgery, indicating an
insufficient depth of anaesthesia (Versichelen et a1.
1986). The additional use of alfentanil (15 #Lg/kg at
induction and 7 #Lgfkg increments as required) and
a reduction of the propofol infusion rate to 9 mgf
kg/h provided much greater control of anaesthesia
in 41 patients who were subsequently studied, but
did not increase recovery times or produce any un
wanted effects. Similarly, the use ofpropofol (2 mg/
kg then 9 mg/kg/h with increments as required)
and lower doses offentanyl (1.9 #Lg/kg then 7.5 #Lgf
kg/h infusion with increments) provided 'good' or
'adequate' anaesthesia in 90% of 30 patients under
going general surgical procedures lasting for up to
3 hours (de Grood et a1. 1985).

Recovery was assessed as 'good' or 'adequate'
for 76% of patients, with occasional transient epi-
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sodes of euphoria and/or depression being re
ported and a few patients experiencing postoper
ative nausea or vomiting.

Other drugs used to provide hypnosis in total
intravenous anaesthesia include methohexitone
and, until its use was restricted to induction only,
etomidate, both of which have been compared with
propofol in the studies detailed in table VIII. When
used in combination with alfentanil for anaesthesia
during laryngeal surgery the induction properties
of propofol and etomidate were found to be equiv
alent, but maintenance was superior under pro
pofol, with a significantly lower incidence of cough
(p < 0.02) and spontaneous movement (p < 0.05).
Further, the stability and degree of control of an
aesthesia was considered 'good' or 'adequate' in all
of the operations where propofol was used, com
pared with 80% of those where etomidate was used
(p <0.02; de Grood et a1. 1987b). In a similar study
the use of either propofol or etomidate, both in
combination with fentanyl, was investigated in 31
patients undergoing laparoscopy (de Grood et a1.
1987a; table VIII). Again, operating conditions were
superior with propofol (quality of maintenance
rated 'good' or 'adequate' in 69 and 31% of oper
ations, respectively, with propofol, and 'good', 'ad
equate' or 'poor' in 40, 20 and 40% of cases, re-'
spectively, with etomidate) and mean recovery time
from the end of surgery to verbal contact was sig
nificantly shorter following propofol with fentanyl
(8.6 vs 19.3 minutes; p < 0.05).

Alfentanil was also used in conjunction with
propofol to provide total intravenous anaesthesia
in patients undergoing major abdominal surgery in
a comparative study with methohexitone (Kay
1986; table VIII). Both drugs provided satisfactory
conditions for surgery with no unwanted effects
during maintenance, but methohexitone produced
a significantly greater incidence of spontaneous
movement and hiccup during induction (p < 0.05).
Recovery time to responding to commands was
significantly shorter following propofol (12.4 vs 20.9
minutes; p < 0.001), and recovery was assessed as
'good' in 20 patients (95%) and 'adequate' in 1
patient (5%) for propofol, but was 'good' in 6
patients (29%), 'adequate' in 9 (43%) and 'poor' in
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6 patients (29%) who had received methohexitone.

4.3 Propofol for Sedation

4.3.1 Sedation during Surgical and
Other Procedures
A dose-ranging study in 60 patients undergoing

colonoscopy utilised an induction dose of propofol
2 rug/kg followed by randomly allocated infusions
ofpropofol3, 6 or 9 mg/kg/h (Gepts et a1. 1985b).
The highest infusion rate produced unconscious
ness in the majority of patients (85%), whilst at 3
mg/kg/h 40% of patients required supplementary
bolus doses to maintain an adequate degree of se
dation. A rate of 6 mg/kg/h produced heavy se
dation in 35%, unconsciousness in 40% and light
sedation in 25% of patients. This clear interindiv
idual variation means that infusion rates will have
to be determined for each patient and will have to
be adjusted during surgery to ensure that sedation
does not become too light or does not progress into
full anaesthesia.

Propofol has similarly been used to sedate
patients undergoing orthopaedic surgery with re
gional anaesthesia (Mackenzie & Grant 1987); 40
patients premedicated with oral benzodiazepines
received propofol at an initial rate of 4 to 6 mg/
kg/h, which was subsequently adjusted to maintain
an appropriate level of sedation for a mean time
of 98 minutes. Sedation was considered to be good
throughout surgery in all cases, with transient epi
sodes of movement in only 3 patients and no in
stances of cough, laryngospasm or apnoea. A par
ticular benefit of this procedure was that when it
was necessary to produce general anaesthesia in 3
patients, this was easily done by increasing the in
fusion rate to 10 mg/kg/h and giving nitrous oxide.
The mean infusion rate for patients below 65 years
of age was 4.1 mg/kg/h whilst those above this age
required a mean of 3 mg/kg/h (p < 0.005).

4.3.2 Sedation in Intensive Care
Patients entering intensive .care (n = 60) after

cardiopulmonary surgery were randomly allocated
to sedation by propofol infusion of 50 mg/h (ad
justed as required) or intermittent injections of
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midazolam 2.5mg, with analgesia provided by in
jections of papaveretum 2.5mg (Grounds et al.
1987a). Sedation was continued until mechanical
ventilation could be withdrawn. The total time at
tached to the ventilator was significantly shorter in
the propofol group (median 6.5 vs 10 hours with
midazolam; p < 0.02), and the median time from
the withdrawal of mechanical ventilation to the re
turn of satisfactory spontaneous ventilation was 9.5
minutes following propofol and 202 minutes after
midazolam (p < 0.001). The depth of sedation var
ied with both regimens, but those patients who re
ceived propofol spent a greater proportion of time
at the intended sedation level (45%vs 28%for mid
azolam group; p < 0.025) and both medical and
nursing staff rated propofol the superior drug.

Ten critically ill patients weresedated for 8 hours
in intensive care with a mean propofol infusion
rate of 1.9 mg/kg/h subsequent to an initial bolus
of 1 mg/kg (Newman et al. 1987). Cardiovascular
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monitoring showed that, in 8 patients who were
normotensive at the star! of the study, mean dia
stolic blood pressures were significantly reduced
from baseline levels at 4, 7 and 8 hours of the in
fusion (p < 0.05). Mean arterial blood pressure fell
to 60mm Hg or less in 6 of the patients during pe
riods of deep sedation, requiring a reduction in the
infusion rate or administration of plasma expan
ders, but these hypotensive episodes did not result
in any signs of impaired peripheral perfusion.

Plasma cortisol concentrations were already sig
nificantly reduced in 4 patients who had received
etomidate beforeentry into the study, and one other
had been given intravenous corticosteroids, but
samples taken from the remaining 5 patients
showed that plasma cortisol concentrations de
creased significantly during the infusion, although
this may not have been a direct effect of propofol
itself (see section 1.4) However, the adrenal re
sponse to intravenous ACTH was normal in these

Table VIII. Details of comparative trials of propofol (P) for total intravenous anaesthesia

Reference Type of surgery Premedication Anaesthesia Number of
(dose) patients

induction maintenance
(dose) (dose)

de Grood et al. (1987a) Laparoscopy None P (2.5 mg/kg) + P inf (12 mg/kg/h)8 16
F (0.1mg) + F bolus (0.05-0.1mg)
E (0.3 mg/kg) + E inf (1.8 mg/kg/h)b 15
F (0.1mg) + F bolus (0.05-0.1mg)

de Grood et al, (1987b) Laryngeal Atropine (0.5mg) P (2 mg/kg) + P inf (12 mg/kg/h)C 15
microsurgery Prednisolone (25mg) A (0.5-1mg) + A bolus (0.5-1mg)

E (0.3 mg/kg) + E inf (1.8 mg/kg/h)d 15
A (0.5 to 1mg) + A bolus (0.5-1mg)

Kay (1986) Major abdominal None P (2 mg/kg) + P inf (12 mg/kg/h)8 21

A (10 ~/kg) + A inf (60 P9/kg/h)8
M (1.5 mg/kg) + M inf (9 mg/kg/h)8 21
A (10 P9/kg) + A inf (60 P9/kg/h)8

a Infusion rate reduced to 9 mg/kg/h after 15 minutes, then to 6 mg/kg/h after a further 25 minutes. Additional bolus injections of
P given if necessary.

b Infusion rate reduced to 1.5 mg/kg/h after 15 minutes, then to 1 mg/kg/h after a further 25 minutes. Additional bolus injections
of E (0.06 mg/kg) given if necessary.

c Infusion rate reduced to 9, then 6 mg/kg/h at 10-minute intervals.
d Infusion rate reduced to 1.5 then 1 mg/kg/h at 1Q-minute intervals.
e Infusion rate reduced by one-third after 20 to 30 minutes. Additional bolus injections of P and A given if necessary during surgery.

Abbreviations: P = propofol; A = alfentanil; E = etomidate; M = methohexitone; F = fentanyl; inf = continuous infusion;
bolus = bolus injections given as necessary.
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individuals, but was reduced in the patients who
had received etomidate.

A further consideration with this use of pro
pofol is the possibility of deleterious effects of the
lipid emulsion on blood lipid concentrations and
coagulation mechanisms. This has not been inves
tigated adequately, although Newman et al. (1987)
reported that lipaemia occurred only once in their
study (see above), and this was in a patient also
receiving a separate lipid infusion. The only hae
matological disturbance seen in this study was a
slight increase in mean prothrombin time after 8
hours of infusion (19.4 vs 18 seconds before treat
ment; p = 0.05).

4.4 Propofol for Coronary Artery Surgery

Haemodynamic stability is obviously of partic
ular importance during coronary artery surgery;
endotracheal intubation, sternotomy and surgical
manipulation can produce unwanted hypertension,
whilst drug-induced hypotension might also pre
cipitate ischaemia in patients with impaired myo
cardial blood flow. When used for the induction of
anaesthesia in ASA class III or IV patients for cor
onary bypass operations propofol 2.5 rug/kg re
duced systolic and diastolic blood pressures by 12
to 32% and central venous pressure by 16 to 29%
(Williams et al. 1986). Corresponding decreases
following thiopentone 4 rng/kg were 9 to 23% and
4 to 8%, respectively. Similar results were reported
for propofol 1.5 mg/kg and thiopentone 2 mg/kg,
and systemic vascular resistance was also reduced
16%by propofol, but only 1% by thiopentone (p <
0.05) [Patrick et al. 1985]. In contrast, mean ar
terial blood pressure increased after intubation to
36% above baseline values in thiopentone-treated
patients, but only to 9% above baseline in those
who received propofol (p < 0.05) [Patrick et al.
1985].

Stephan et al. (1986) used propofol 2 mg/kg fol
lowed by 12 mg/kg/h to anaesthetise 12 patients
for coronary bypass surgery, with fentanyl 10 p,g/
kg given 30 minutes after the start of propofol
administration, immediately before surgery was
started. Significant reductions were observed in
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mean arterial blood pressure (by 15%), pulmonary
capillary wedge pressure (by 20%), and central ven
ous pressure (by 16%) at 30 minutes (p < 0.05 in
each case), and heart rate was increased by 12% (p
< 0.05). All of these returned to about baseline lev
els when surgery was started. Myocardial blood
flow, oxygen consumption and glucose uptake were
significantly reduced by 26, 31 and 54%, respec
tively (p < 0.05 in each case), during the initial
propofol infusion, but as with blood pressure read
ings these variables increased during surgery, al
though myocardial blood flow did not return to
pretreatment levels. Coronary vascular resistance
significantly increased during surgery (by 21%, p <
0.05), and since myocardial lactate production was
observed in 2 patients (once during the presurgical
infusion and once during sternotomy) it is possible
that myocardial ischaemia may have occurred in
these patients. However, in a similar study of 15
patients undergoing coronary bypass surgery using
propofol (1.5 mg/kg at induction, mean infusion
rate of 5.15 rug/kg/h) and fentanyl (8 p,g/kg at in
duction and 25 p,g/kg before sternotomy) for an
aesthesia, there was no indication of myocardial
ischaemia either during or after surgery, based on
an absence of S-T depression on the ECG and no
increases in pulmonary capillary wedge pressure
(Vermeyen et al. 1987).

Propofol has thus been used successfully in
patients with good left ventricular function (above
studies), and a preliminary report also found pro
pofol to be suitable for induction in a group ofmore
debilitated patients (Profeta et al. 1987). Even so,
at this stage the suitability of propofol for cardiac
surgery has to be carefully considered, since the
benefits of reducing hypertensive episodes during
surgery need to be balanced against the possible
risk of myocardial ischaemia.

5. Side Effects

Attributing 'side effects' that occur during sur
gical procedures to the anaesthetics used for in
duction or maintenance is fraught with difficulties
since, in most instances, several other drugs are
used concomitantly. In addition, it can be difficult
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to differentiate between drug-induced effects and
those arising as a result of surgical manipulation,
or which are generally associated with the anaes
thetised state.

The most frequent side effect associated with
the use ofprqpofol has been pain on injection. Col
lation of data from a total of 1,465 patients found
that injection ofpropofol into a vein in the dorsum
of the hand (n =428) was painful in 28.5% ofcases
(Stark et al. 1985); however, if the injection was
into the large veins of the forearm or antecubital
fossa (n = 821) this figure fell to 6%. Similar in
cidences were reported in a more recent compar
ative study of propofol as an induction agent in
unpremedicated patients (McCollum & Dundee
1986). The incidences of pain on injection to the
antecubital fossa and dorsum of the hand, respec
tively, were 8 and 31% for propofol (n = 100), 4
and 5% for thiopentone (n = 100), 14 and 29% for
etomidate (n = 50) and 18 and 41% for metho
hexitone (n = 50).

Excitatory and respiratory effects that occur
during induction are generally considered as side
effects of the anaesthetic, although their incidence
will to some extent be dependent upon other drugs
that are used and the skill of the anaesthetist. In
the studies reviewed by Stark et al. (1985) excita
tory effects (movement, twitching, hiccup, tremor
etc.) were seen in 14%of 1459 inductions with pro
pofol. Apnoeic episodes are more frequently seen;
McCollum and Dundee (1986) reported that ap
noea of more than 30 seconds' duration occurred
in 44% and 24% of unpremedicated patients who
received propofol 2.5 and 2 mg/kg, respectively (n
= 50 for each dose). In comparison, the figures for
methohexitone 1.5 rug/kg, etomidate 0.3 mgfkg and
thiopentone 5 mg/kg were 20, 0 and 38%, respec
tively. In some instances the duration of apnoea
with propofol can exceed 60 seconds (Goodman et
al. 1987); this will depend to some extent on the
induction procedure (bolus dose or titrated incre
ments), but, more importantly, it is likely to be
exacerbated by the concomitant use of opioids.

A particular feature of propofol anaesthesia is
the low occurrence of postoperative nausea and
vomiting, with an overall incidence of about 2 to
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3% (Stark et al. 1985). In the comparative studies
included in this analysis 13% of patients who re
ceived thiopentone (n = 79) and 10% of patients
who received methohexitone (n = 86) either vom
ited or became nauseous.

Isolated cases of bradycardia have been seen
during propofol anaesthesia. These were often as
sociated with surgical procedures that produce va
gal stimulation (Henriksson et al. 1987) and were
easily controlled by administration of atropine, al
though persistent bradycardia which was resistant
to both atropine and isoprenaline (isoproterenol),
and where heart rate recovered slowly only after
propofol infusion was stopped has been reported
in 1 patient (Thomson & Yate 1987). Epileptiform
movements have also occurred rarely, but a causal
relationship with propofol has not been estab
lished.

Since anaesthesia and surgery inevitably in
volve some degree of risk, serious complications
are likely to be seen during trials of propofol. Of
approximately 4,000 operations where propofol was
used, 20 complications which were considered ma
jor were reported, including 3 deaths (Product
Monograph 1986).These complications mostly had
identifiable underlying causes unrelated to propo
fol, but 9 involved hypotension and, in view of its
haemodynamic effects, it is possible that propofol
contributed to this.

6. Dosage and Administration

Induction doses of propofol should be titrated
to suit individual patient requirements by giving
increments of about 40mg every 10 seconds until
adequate anaesthesia is achieved. The total dose
for adults aged 55 years or less is likely to be 2 to
2.5 mg/kg, Older or infirm patients often require
a lower dose, and in ASA grade III or IV patients
the induction dose should be given at a reduced
rate of 20mg every 10 seconds.

Maintenance ofanaesthesia can be achieved with
either a continuous infusion of propofol or by giv
ing bolus doses of 20 to 50mg when anaesthesia is
considered to be lightening. Suitable infusion rates
vary between individuals and will also depend upon
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the use of muscle relaxants and analgesics, but be
tween 6 and 12 mg/kg/h should prove satisfactory
in most cases. Some investigators have found it
useful to give a higher infusion rate (up to 18 mg/
kg/h) for a short period at the start of surgery. In
all cases the infusion rate will need to be adjusted
during surgery according to the clinical response of
the patient.

Lightening of anaesthesia can occur rapidly with
propofol and the depth of anaesthesia should be
closely watched during surgery. Changes in heart
rate and blood pressure may not be reliable indi
cators, and some authors have found that an in
crease in respiratory rate is a more predictable sign
of inadequate anaesthesia (McLeod & Boheimer
1985; Walmsley et al. 1986).

7. The Place of Propofol in
Anaesthetic Practice

Propofol has proven to be a reliable anaesthetic
that can be used for both induction and mainten
ance purposes in most common surgical proce
dures, either in. 'standard' anaesthetic practice or
as part of total intravenous anaesthesia. Compar
ative studies have shown that it is at least as ef
fective as other intravenous anaesthetics in most
respects, with both potential advantages and dis
advantages in individual situations.

The greatest potential advantage for propofol is
rapid recovery, even after long periods of anaes
thesia. While this may not be particularly advan
tageous in some situations, in other settings such
as outpatient surgery rapid return to normal psy
chomotor function is clearly important. Propofol
also offers a particularly low incidence of postop
erative nausea and vomiting, which is desirable in
any setting, but again may be especially beneficial
in outpatient surgery. The incidence of excitatory
effects during surgery under propofol anaesthesia
is also low, and propofol is superior to metho
hexitone in this regard. Finally, although plasma
cortisol concentrations have been found to de
crease during propofol infusions, it does not de
press adrenal responsiveness to ACTH during short
term administration, as occurs with etomidate. If
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this also holds true with longer term administra
tion, this will offer an important benefit in the set
ting of sedation of intensive care patients.

Disadvantages ofpropofol include a relatively
high incidence of apnoea, and blood pressure re
ductions that may occasionally be marked. How
ever, in studies to date the magnitude of these ef
fects was such that their management during
anaesthesia was straightforward in most patients.

In conclusion, propofol is an effective addition
to the limited range of intravenous anaesthetics
which are currently available. While selection of
the most appropriate anaesthetic for a particular
patient depends on a wide range of factors, it is
clear that propofol merits consideration by the an
aesthetist in many situations.
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