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Summa~ 
Synopsis Propofol is a phenolic derivative that is structurally unrelated to other sedative 

hypnotic agents. It has been used extensively as an anaesthetic agent, particularly 
in procedures of short duration. More recently it has been investigated as a 
sedative in the intensive care unit (leU) where it produces sedation and hypnosis 
in a dose-dependent manner. Propofol also provides control of stress responses 
and has anticonvulsant and amnesic properties. Importantly, its pharmacokinetic 
properties are characterised by a rapid onset and short duration of action. 

Noncomparative and comparative trials have evaluated the use of propofol 
for the sedation of mechanically ventilated patients in the leu (postsurgical, 
general medical, trauma). Overall, propofol provides satisfactory sedation and 
is associated with good haemodynamic stability. It produces results similar to or 
better than those seen with midazolam or other comparator agents when the 
quality of sedation and/or the amount of time that patients were at adequate levels 
of sedation are measured. Patients sedated with propofol also tend to have afaster 
recovery (time to spontaneous ventilation or extubation) than patients sedated 
with midazolam. Although most studies did not measure time to discharge from 
the leU, propofol tended to be superior to midazolam in this respect. In a few 
small trials in patients with head trauma or following neurosurgery, propofol was 
associated with adequate sedation and control of cerebral haemodynamics. 

The rapid recovery of patients after stopping propofol makes it an attractive 
option in the leU, particularly for patients requiring only short term sedation. 
In short term sedation, propofol, despite its generally higher acquisition costs, 
has the potential to reduce overall medical costs if patients are able to be ex
tubated and discharged from the leU sooner. Because of the potential for 
hyperlipidaemia and the development of tolerance to its sedative effects, and 
because of the reduced needfor rapid reversal of drug effects in long term seda
tion, the usefulness ofpropofol in long term situations is less well established. 

While experience with propofol for the sedation of patients in the leU is 
extensive, there are still areas requiring further investigation. These include stud
ies in children, trials examining cerebral and haemodynamic outcomes following 
long term administration and in patients with head trauma and, importantly, 
pharmacoeconomic investigations to determine those situations where propofol 
is cost effective. In the meantime, propofol is a well established treatment alter-
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native to benzodiazepines and/or other hypnotics or analgesics when sedation of 
patients in the leu is required. In particular, propofol possesses unique advan
tages over these agents in patients requiring only short term sedation. 

Continuous infusions of propofol produce increasing levels of sedation in a dose
dependent fashion. There is a good correlation between plasma propofol con
centrations and the level of sedation. Propofol also produces amnesia in a 
dose-dependent manner although to a lesser degree than midazolam. 

Propofol has cardiac depressant effects including an infusion rate-dependent 
decrease in blood pressure. Heart rate is also generally decreased to a modest 
extent, and some but not all studies have reported a decrease in myocardial con
tractility. Reductions in systemic vascular resistance and heart rate help in the 
control of stress responses. In general, propofol is associated with adequate 
haemodynamic stability in patients requiring sedation in a variety of settings 
including those recovering from coronary bypass graft surgery. 

Sedation with propofol following head injury is associated with either unchanged 
or slightly decreased intracranial pressure. While mean arterial pressure is also usually 
decreased, adequate cerebral perfusion pressure is usually maintained. 

Both anticonvulsant and neuroexcitatory effects have been reported with pro
pofol during anaesthesia. The neuroexcitatory effects are not thought to represent 
true cortical seizure activity. 

Long term infusions of propofol tend to be associated with a progressive 
increase in lipid levels (particularly triglycerides), an effect related to the formu
lation of the drug. Cortisol levels are decre'lsed when propofol is used in patients 
undergoing anaesthesia; however, these patients generally demonstrate an ade
quate response to exogenous adrenocorticotrophic hormone. 

The pharmacokinetics of propofol are characterised by fast distribution from the 
blood into the tissues, rapid metabolic clearance from the blood and slow return 
of the drug from deep peripheral compartments into the blood. Because of its high 
lipophilicity, propofol rapidly penetrates the blood-brain barrier, followed by 
swift redistribution to peripheral tissues; this results in a fast onset but short 
duration of action. 

After initial doses, the clearance of propofol is dependent on both metabolism 
and on distribution to peripheral compartments. However, as peripheral compart
ments fill, the distributional component of clearance decreases. Total body clear
ance values for patients given continuous infusions for intensive care unit (ICU) 
sedation range from 94.2 to 126.6 Llh, similar to values reported after short term 
infusions for anaesthesia. These values generally exceed hepatic blood flow, in
dicating extrahepatic elimination. Propofol is extensively metabolised and ex
creted in the urine (2:88% of the administered dose) primarily as sulphate and/or 
glucuronide conjugates of the parent compound or its hydroxylated metabolite. 
Distribution, second phase and terminal elimination half-lives of 1.8 minutes, 
70.9 minutes and 23.5 to 31.3 hours, respectively, have been reported after long 
term continuous infusions for ICU sedation. The presence of cirrhosis or renal 
dysfunction does not significantly affect the pharmacokinetics of propofol. 

Propofol has been evaluated as a sedative agent during mechanical ventilation in the 
ICU in numerous patient populations including postsurgical patients (e.g. cardiac, 
abdominal, neurosurgery), patients with head trauma and general medical patients. 

Of patients requiring sedation after cardiac surgery, the percentage who ob-
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tained adequate sedation was similar for propofol and midazolam in most com
parative studies. However, both the time to spontaneous ventilation and time to 
extubation were shorter in patients receiving propofol (13.6 to 52 minutes and 
11.9 to 250 minutes, respectively) than in those receiving midazolam (66 to 197.8 
minutes and 127.9 to 391 minutes, respectively). In comparative studies with 
midazolam involving mixed patient populations (medical, postsurgical, trauma), 
parameters measuring quality of sedation or rate of recovery were either similar 
between groups or favoured propofol. 

Data from a limited number of studies assessing the efficacy of propofol for 
the sedation of patients following head trauma indicate that propofol provides 
adequate sedation and control of cerebral haemodynamics. Propofol was as ef
fective as fentanyl, morphine plus midazolam or morphine plus pentobarbital in 
controlling intracranial pressure in patients with head trauma. Propofol also pro
duced adequate sedation and cerebral haemodynamic stability in a few small trials 
measuring sedation in patients after neurosurgery. 

Propofol has cardiovascular depressant effects which most commonly manifest 
as hypotension and bradycardia. The elderly, patients with hypotension or severe 
cardiac disease (ejection fraction <50%) and debilitated patients may be at great
est risk for hypotension. There have also been case reports of asystole, heart block 
and other arrhythmias occurring during propofol anaesthesia. 

Neuroexcitatory effects such as convulsions, opisthotonos, myoclonus and 
choreoathetoid movements have been reported during propofol anaesthesia, al
though they are not believed to represent true cortical seizure activity. 
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Postsurgical infection caused by a variety of organisms has been associated 
with the failure to use aseptic technique in the preparation and administration of 
propofol. Other adverse effects include respiratory acidosis during weaning of 
ventilation (3 to 10% of patients), pain on injection when administered into 
peripheral veins, anaphylaxis/anaphylactoid reactions and green discoloration of 
the urine. 

The use of propofol in paediatric patients has been associated with myocardial 
failure, often in children with respiratory tract infections and often associated 
with lipaemia and metabolic acidosis. 

In mechanically ventilated adult patients in the ICU, propofol should be initiated 
at an intravenous dosage of 0.3 mg/kg/h and adjusted upward as clinically re
quired in increments of 0.3 to 0.6 mg/kg/h at intervals of at least 5 minutes. Most 
patients require maintenance infusion rates of 0.3 to 3 mg/kg/h, although higher 
dosages may be needed. Daily evaluations of CNS function and the level of 
sedation should be performed. The use of propofol in children as an ICU sedative 
is not currently recommended. 

Propofol is a phenolic derivative that is chemi
cally distinct from other intravenous sedative hyp
notics (fig. 1). It is formulated as a 1 % oil-in-water 
emulsion containing soybean oil, glycerol and egg 
lecithin. This review focuses on the clinical use of 
propofol as a sedative in the intensive care unit 
(lCU) and provides an overview of the clinical 

pharmacology of the drug relevant to its use in this 
setting. The use of propofol as an anaesthetic agent 
has been recently reviewed in DrugsJIJ Sirtce most 
studies on the pharmacological properties of pro
pofol were conducted in patients receiving the drug 
for indications other than ICU sedation, J.mless 
specified otherwise, the pharmacological proper-
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Fig. 1. Structural formula of propofol. 

ties of propofol described in this review were not 
determined in patients in the ICU. 

1. Pharmacodynamic Properties 

1.1 Sedative/ Amnesic/Analgesic Effects 

In healthy volunteers[2] or in patients requiring 
sedation during urological procedures[3] or after 
cardiac surgery,[4,5] continuous infusions of pro
pofol increased sedation in a dose-dependent man
ner. Lower plasma propofol concentrations are re
quired for light and deep ICU sedation (0.5 to 1 
mg/L and 1 to l.5 mg/L, respectively) than for sur
gical anaesthesia (3 to 16 mg/L depending on the 
depth of anaesthesia and whether concomitant 
agents are used))6] In mechanically ventilated pa
tients in the ICU, a good correlation between 
plasma propofol concentrations and level of seda
tion has been reported.[7] In a comparative study, 
propofol 1.27 mg/kg/h and midazolam 0.035 
mg/kg/h produced similar sedative effects in 
healthy volunteers)8] 

In patients in the ICU, recovery from sedation 
is rapid even after long term (~7 days) infu
sions)9,IO] After stopping continuous infusions of 
propofol (mean dosage 2.85 mg/kg/h), recovery 
times were similar after 24, 48, 72 or 96 hours of 
infusion (fig. 2)[10]. The need to increase infusion 
rates of propofol to maintain the desired level of 
sedation has been reported in some patients in the 
ICU who have received propofol for more than 7 
days, indicating that either tolerance or changes in 
drug elimination may develop during long term se
dation with propofol,lll,12] 

Combination of propofol with alfentanil,I13] 
thiopental,[14] midazolam[13,15] or midazolam plus 
alfentanWl3] produces a synergistic hypnotic effect 
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while combination of propofol with fentanyl was 
found to produce an additive hypnotic effect.[16] 

Patient-controlled administration or continuous 
infusions of propofol resulted in amnesia in 63 to 
70% of patients undergoing surgical dental pro
cedures.[I7,18] Amnesia is reported to occur in a 
dose-dependent fashion)3] However, at dosages 
that produced similar sedative effects, midazolam 
produced more amnesia than propofol in healthy 
volunteers. [8] 

Data regarding the analgesic properties of pro
pofol are inconclusive) 19] Pharmacodynamic stud
ies have reported that hypnotic doses of propofol 
have analgesic effects[20,21] while sUbhypnotic 
doses are reported to have either analgesid22] or 
hyperalgesic effectspl] Some clinical trials in ICU 
sedation after coronary artery bypass graft surgery 
have indicated that propofol has a greater analge
sic-sparing effect than midazolam.123.25] 

1 .2 Haemodynamic Effects 

Decreases in blood pressure in patients sedated 
with propofol may be marked and are generally 
dose- and infusion rate-dependent)4,26,27] Other 
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Fig. 2. Recovery after discontinuation of propofol. Recovery 
times (based on mean Ramsay scores) in 14 patients in the 
intensive care unit following the temporary discontinuation (90 
min) of short (24h) or long term (96h) infusions of propofol at a 
mean dosage of 2.85 mg/kg/h.I101 
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risk factors for hypotension include increased age, 
hypovolaemia or concomitant use of opioids or ~
adrenoceptor antagonists.[28,29] The cause of the 
hypotensive effect ascribed to propofol is un
known but may include peripheral vasodilation, a 
reduction in ventricular preload and/or a reduction 
in myocardial contractility possibly mediated via a 
decrease in sympathetic activityP8,30] 

Propofol tends to cause a modest decrease in 
heart rate despite the reduction in arterial pressure. 
The effect was significantly greater than that seen 
with midazolam in sedated patients in the ICU.[3l] 
Data regarding the effect of propofol on barorecep
tor activity have been conflicting but most recent 
work indicates that propofol impairs baroreflex 
regulatory mechanisms,l3o,32,33] 

Results of studies of the effect of propofol on 
myocardial contractility (primarily from animal 
studies) have been equivocal, with studies report
ing either decreased contractility or no significant 
effect. [28,34] 

Haemodynamic stability is maintained in pa
tients receiving continuous infusions of propofol 
for sedation after coronary bypass graft surgery. 
The haemodynamic effects of propofol in these 
patients were difficult to determine as haemo
dynamic parameters (mean arterial pressure, cen
tral venous pressure, heart rate, etc.) were usually 
maintained within predetermined values by the use 
of vasodilators, fluids and plasma expanders. 
However, as in other patient groups, propofol gen
erally caused an initial transient decrease in mean 
arterial blood pressure (fig. 3). In comparative 
studies in patients requiring sedation following 
cardiac surgery, the hypotensive effect of propofol 
was similar to or greater than that seen with mid
azolam. [23-25,35-37] Systemic vascular resistance 
and heart rate tended to be reduced with propofol, 
generally beneficial effects in postcardiac surgery 
patients,l24,35,37] Propofol was also associated with 
a similar or lower requirement for concomitant va
sodilators [sodium nitroprusside or nitroglycerin 
(glyceryl trinitrate)] to treat postoperative hyper
tension than midazolam in this patient group.[23-
25,37] Additionally, cardiac output remained stable 
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Fig. 3. The effects of propofol on mean arterial pressure. The 
effects of propofol (1 mg/kg loading dose followed by a mean 
infusion rate of 2.7 mg/kg/h) and midazolam (0.07 mg/kg loading 
dose followed by a mean infusion rate of 0.092 mg/kg/h) on 
mean arterial pressure in mechanically ventilated patients (n = 
15 for each group) requiring sedation following coronary artery 
surgery.[351 

and there was no evidence of myocardial isch
aemia. [23-25,37] 

1 .3 Respiratory Effects 

The respiratory depressant effects of propofol 
have been previously reviewed.[38,39] Although re
spiratory depression is of no consequence during 
mechanical ventilation, it becomes important dur
ing the weaning process.[40] 

The relative effects of propofol compared with 
midazolam on respiratory parameters following 
weaning from mechanical ventilation in postsurgi
cal patients receiving sedation have been evaluated 
in a few studiesp4,25,37,41] With one exception, 
there was no significant difference between pro
pofol and midazolam in arterial blood gas or respi
ratory measurements during weaning or after ex
tubation. In 100 patients sedated with propofol 
1.15 mg/kg/h or midazolam 0.034 mg/kg/h for a 
mean duration of approximately 17 hours, PaC02 
(arterial partial pressure of carbon dioxide) was 
significantly higher in midazolam-treated patients 
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(6.4 kPa) than in propofol-treated patients (5.6 
kPa), indicating alveolar hypoventilation in the 
midazolam group.[25] However, this may have been 
caused by the significantly greater amounts of mor
phine administered to midazolam recipients. 

Bolus doses of propofol are reported to cause 
bronchodilation in patients with chronic obstruc
tive pulmonary disease,l42] status asthmaticus[43] or 
hyperactive airways.[44] 

1.4 Cerebral Effects 

1.4. 1 Cerebral Haemodynamics and Metabolism 
In patients receiving anaesthetic dosages of pro

pofol, cerebral vascular resistance tends to be in
creased, and this is accompanied by a decrease in 
cerebral blood flow.[45-47] At these dosages, cere
bral metabolic rates (glucose or oxygen consump
tion) also tend to be decreased.l47.48] In patients re
ceiving propofol for sedation after head trauma, 
propofol (mean dosage 232 mg/h) was associated 
with a transient decrease in global brain metabo
lism at 4 hours after the initiation of the infusion 
followed by a return to presedation rates.l491 

In mechanically hyperventilated patients with 
head injury, sedation with propofol has been asso
ciated with either unchanged or slightly decreased 
intracranial pressure (ICP).l50-53] In one of these 
studies, ICP was decreased in patients with base
line ICP >16mm Hg but not in patients with base
line ICP::; 16mm Hg.l53] Despite a decrease in mean 
arterial pressure (MAP) in some patients with head 
injury, cerebral perfusion pressure (CPP = MAP -
ICP) above the target value of 60mm Hg was usu
ally maintained.l50.51.54] 

1.4.2 Effects on the Electroencephalogram 
The effects of propofol on the electroencepha

logram (EEG) are dose-related. Sedative dosages 
of propofol are typically associated with an in
crease in activation of the EEG, primarily in the 
~-frequency range.l55-58] Anaesthetic dosages of 
propofol produce a slowing of the EEG charac
terised by a progressive reduction of activity in the 
~-frequency range and an increase in the 8-
range,[55] with high dosages being associated with 
EEG burst suppression.l59.60] 
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1.4.3 Anticonvulsant/Neuroexcitatory Effects 
Propofol has been reported to have both anti

convulsant and neuroexcitatory properties. In ani
mal models, propofol has been shown to inhibit 
seizures induced by a variety of stimuli (as reviewed 
by Bryson et al.[l]). It has also been reported to 
be effective in the treatment of anticonvulsant
refractory status epilepticus in mechani.cally 
ventilated patients.l61 -66] In contrast, a variety of 
neuroexcitatory events including convulsions, 
myoclonus and opisthotonos (section 4.2) have 
also been reported to be associated with propofol 
anaesthesia, although most of these have not been 
evaluated by simultaneous EEG recordings. The 
reason for these conflicting reports is not known 
but it has been suggested that the neuroexcitatory 
manifestations are not representative of true corti
cal epileptic activity.[67,68] 

1 .5 Other Effects 

1.5. 1 Lipid Effects 
Since propofol is formulated in a 1 % lipid emul

sion, there is concern about the potential for ele
vated serum lipid levels, particularly in patients re
ceiving prolonged infusions. Although short term 
infusions (::;3 days) of propofol are generally not 
associated with such changes, long term infusions 
tend to be associated with a progressive increase in 
serum lipid levels (particularly triglycerides).[l2.69-
71] Infusions for 7 days or more resulted in serum 
triglyceride levels that were 3 to 4 times normal 
valuesJ69,71] After propofol cessation, serum lipid 
levels may take several days to return to normal 
valuesJ69] To minimise the potential for elevations 
in serum triglycerides, the caloric content of the 
propofol infusion should be included in calcula
tions of lipid requirements in patients receiving en
teral or parenteral nutrition. 

An in vitro study found that, as with soya-oil
emulsion (Intralipid®), propofol agglutination oc
curs in serum from critically ill patients but not in 
serum from healthy volunteersJ72] Serum from pa
tients with acute respiratory dysfunction aggluti
nated propofol and soya-oil-emulsion significantly 
more often than serum from patients with normal 
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respiratory function leading the authors to specu
late that this effect might be related to some of the 
adverse effects reported with propofol in children 
(section 4.4).fn ] 

1.5.2 Effects on Cortisol and 
Catecholamine Levels 

Propofol has been reported to be associated with 
significant decreases in plasma cortisol levels 
when used for anaesthesia[73-75] or ICU seda
tionP4,27,31] This decrease has usually been attrib
uted to the effects of anaesthesia or sedation on the 
stress response and is considered unlikely to be of 
clinical significance since these patients generally 
demonstrated an adequate response to exogenous 
corticotrophin (ACTH) administration, [27,31,76,77] 
However, 1 study reported decreased cortisol lev
els in the presence of normal corticotrophin levels, 
indicating a possible inhibition of cortisol produc
tion,[75] 

Elevations in catecholamine levels are an indi
cation of an activation of the stress response,PS] 
Propofol, titrated to deep sedation, was associated 
with significantly lower levels of adrenaline, nor
adrenaline and dopamine than the use of as needed 
boluses of morphine and midazolam in 88 patients 
following coronary artery bypass graft surgery'p9] 

1.5.3 Antioxidant Effects 

Propofol is chemically related to other phenol
based antioxidants such as butylated hydroxy
toluene (BHT) and tocopherol (vitamin E).fsO] In 
vitro experiments have shown that clinically rele
vant concentrations of propofol have little antioxi
dant activity in the aqueous compartments.fSO,Sl] 
However, at concentrations achievable during an
aesthesia, propofol has been found to inhibit lipid 
peroxidation.fs2] The clinical significance of these 
antioxidant effects in lipid compartments require 
further study. 

1.5.4 Immune System Effects 

A number of anaesthetic agents are reported to 
have an inhibitory effect on the immune re
sponse.fS3] While the clinical relevance of this ef
fect after short term use of the drug for surgical 
procedures is probably minimal, the effect is likely 
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to be more significant after long term use. In vitro 
and in vivo studies evaluating the immune system 
effects of propofol in healthy volunteers and pa
tients in the ICU have yielded conflicting results. 
Some studies[S4-S6] have described propofol as hav
ing immunosuppressant effects while others[S7,SS] 
have not. 

2. Pharmacokinetic Properties 

The pharmacokinetics of propofol have most 
commonly been described using a 3-compartment 
model. The dominant pharmacokinetic charac
teristics of propofol are a rapid distribution from 
the blood into tissues, a similarly rapid metabolic 
clearance from the blood and the slow return of the 
drug from the deep peripheral compartments into 
the blood.fs9] The rapid penetration of the blood
brain barrier, followed by a redistribution from the 
eNS to inactive tissue depots (muscle and fat), re
sults in a fast onset of action along with a rapid rate 
of recovery. 

The pharmacokinetic properties of propofol af
ter bolus doses or short term continuous infusions 
when used for anaesthesia have been well de
scribed.[89] A few longer term pharmacokinetic 
studies have been conducted in patients receiving 
propofol for sedation in the ICU. Table I summa
rises the pharmacokinetic parameters of propofol 
after continuous infusions for anaesthesia or ICU 
sedation. 

2.1 Blood Concentrations 

Peak propofol blood concentrations after bolus 
doses are difficult to measure: propofol is rapidly 
distributed from the blood leading to swiftly de
creasing drug concentrations during this period.f89] 
However, in 9 ICU patients given a 1 to 3 mg/kg 
bolus dose of propofol followed by a constant rate 
infusion of 3 mg/kg/h for 72 hours, peak blood 
propofol concentrations ranged from 0.77 to 15.3 
mg/L. After 6 hours of the infusion the mean drug 
concentration was 1.3 mg/L. 

After initiation of a constant rate infusion, there 
is an initial rapid, dose-dependent increase in 
blood concentration followed by a slow rate of in-

Drugs 50 (4) 1995 
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Table I. Pharmacokinetic parameters of propofol. Summary of propofol pharmacokinetic values after short term continuous infusions (S9h) 
in anaesthesia regimens or long term continuous infusions (~72h) in intensive care unit (ICU) sedation 

Reference Vc Vss Vz CL t'hA1 t';"A2 t1;.,~ 

(Ukg) (Ukg) (Ukg) (Uh) (min) (min) (h) 

Short term infusion in anaesthesia at 3-9 mg/kg/h 
90-97 0.21-0.28 1.8-5.3 9.7-16.4 91-156 2.8-9.5 30-37 2.4-44.7 

Long term infusion in leu sedation at 2.6-3 mg/kg/h 
98,99 25.5" 94.2-126.6 1.8 70.9 23.5-31.3 

a Assuming 70kg patients. 

Abbreviations: CL = total body clearance; h = hours; min = minutes; t';"A, = distribution half-life; t1;,A2 = second-phase half-life; 11;.,~ = terminal 
elimination half-life; Vc = volume of distribution of the central compartment; Vss = volume of distribution at steady-state; Vz = volume of 
distribution during the elimination phase. 

crease)96] This slow increase is due to the high rate 
of clearance that occurs during distribution to the 
second and third compartments. 

Plasma propofol concentrations have been pos
itively correlated with sedative effects in mechan
ically ventilated patients in the ICU (section 1.1)J7] 
In 20 patients titrated to the desired level of seda
tion over a period of 1.5 to 351 hours, the ICso 
(concentration at which 50% of patients reached 
the desired level of sedation) was 0.47 mg/L for 
sedation score (Ramsay scale, table II) greater than 
2, and 1.1 mg/L for a sedation score greater than 
4.[7] 

2.2 Distribution and Protein Binding 

Propofol is highly lipophilic; this results in a 
rapid distribution from the blood into the CNS and 
peripheral tissues. Propofol is initially distributed 
to well-perfused tissue, then to lean muscle tissue 
and finally to fat tissue. The distribution half-life 
ranges from 1.8 to 9.5 minutes after continuous 
infusions for anaesthesia or ICU sedation. The 
blood-brain equilibration half-life has been esti
mated by pharmacokinetic modelling to be 2.9 
minutesPOO] Following long term infusion, the vol
ume of distribution at steady-state was reported to 
be much higher than after short term infusion (table 
I). This probably reflects increased peripheral dis
tribution after long term administration. 

The binding of propofol to plasma proteins (in
cluding albumin and haemoglobin) ranges from 96 
to 99%)101-103] 
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2.3 Metabolism and Elimination 

After initial doses of propofol, metabolism and 
distribution to peripheral compartments each ac
count for about one-half of the clearance of pro
pofol from the blood.[6] As drug concentrations in 
the peripheral compartments begin to equilibrate 
with the blood, the distributional component of 
clearance decreases causing plasma concentrations 
to fall more slowly upon discontinuation of the in
fusion. [6] Thus, titration of infusion rates to clinical 
response is important to avoid excess drug accu
mulation during long term administration. 

After administration of [14C]-propofol (mean 
dose 0.47 mg/kg) in healthy volunteers, less than 
0.3% of the administered dose was excreted in the 
urine as the parent compound)I04] The drug was 
primarily (:2:88%) eliminated in the urine as sul
phate and/or glucuronide conjugates of propofol or 
its hydroxylated metabolite with less than 2% ex
creted in the faeces.[I04] 

Total body clearance in patients in the ICU (94.2 
to 126.6 L/h) is ofthe same magnitude as that seen 

Table II. Ramsay sedation scale(77) 

Sedation Level of 
score sedation 

Patient awake, anxious, agitated or restless 

2 Patient cooperative, orientated and tranquil 

3 Patient responds to commands only 

4 Patient asleep, has brisk response to stimulus 

5 Patient asleep, has sluggish response to stimulus 

6 Patient asleep, has no response to stimulus 
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in patients given short term infusions for anaesthe
sia [91 to 156 Lih (table I)]. These values generally 
exceed hepatic blood flow, indicating some form 
of extrahepatic elimination. Indeed, glucuronide 
and sulphate conjugates have been detected in the 
plasma of patients who were given propofol during 
liver transplantation at times their livers were not 
being perfused. [lOS] Conflicting results have been 
reported in studies examining the possibility of 
pulmonary extraction.[lOS-107] 

Propofol undergoes triphasic elimination (table 
I, fig. 4). The first phase (tv21.) corresponds to the 
fast distribution of propofol from the blood into 
tissue while the second phase (tv21..,) is charac
terised by rapid metabolic clearance. The terminal 
elimination half-life (V/2~) represents the slow re
turn of a small amount of propofol from poorly 
perfused tissue (probably fat) to the bloodJs9] The 
wide variation in values for tl/2~ in anaesthesia stud
ies (table I) is primarily due to differences in sam
pling times; prolonged sampling times generally 
result in higher V/2~ values. 

2.4 Effects of Age, Bodyweight and Renal 
or Hepatic Dysfunction 

The volume of distribution of the central com
partment of propofol was significantly lower in pa
tients aged 65 to 80 years (0.32 L/kg) than in pa
tients aged 18 to 35 years (0.40 L/kg)JlOl] This 
probably reflects either a reduction in the volume 
of highly perfused tissues relative to body mass or 
a reduction in the perfusion of these tissues due to 
decreased cardiac output in the elderly. Total body 
clearance was also significantly lower in elderly 
(86.4 to 94.8 Llh) than in younger patients (107.4 
to 131.4 LIh).llOl,IOS] These differences mean the 
elderly may require lower dosages of propofol than 
younger patients. 

Total body clearance and volume of distribution 
at steady-state were significantly greater in obese 
than nonobese patients during propofol anaesthe
sia. lIOS,109] The combined effect of these changes 
resulted in no difference in the V/2~ of propofol be
tween obese and nonobese patients indicating that 
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Fig. 4. Blood elimination curves of propofol. Decline of blood 
propofol concentrations in 14 patients in the intensive care unit 
following the temporary discontinuation (90 min) of short (24h) 
or long term (96h) infusions of propofol at a mean dosage of 
2.85 mglkg/h.[101 

dosage adjustments may not be needed for these 
patientsJlO9] 

The pharmacokinetics of propofol are not sig
nificantly affected by the presence of cirrhosisl1lO,lll] 
or renal dysfunctionJlI2-11S] 

The pharmacokinetics of propofol in patients 
receiving the drug for postoperative sedation after 
orthotopic liver transplantation were similar to val
ues reported in patients without hepatic dis
easeJ[ 16] 

2.5 Pharmacokinetic Drug Interactions 

Pharmacokinetic studies to date have reported 
the interactions of propofol with other anaesthetic 
agents or analgesics to be of only marginal clinical 
significance. Since volatile anaesthetics decrease 
hepatic blood flow[l17] they have the potential to 
decrease propofol clearance. The tV2~lllS] and se
rum concentrationl1l9] of propofol have been re
ported to be increased by isoflurane and/or halo
thane. 

Propofol pharmacokinetics are unaffected by 
alfentanil;l97] however, propofol is reported to ei
ther impair the elimination of alfentanil,l97,120] or 
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have no effect on alfentanil pharmacokineticsJ121) 
Conflicting reports have described fentanyl to ei
ther slightly decrease (27 to 32%) the clearance of 
propofol[118,122) or to have no effect on propofol 
pharmacokinetics,[l23-125) In vitro studies have 
found that propofol inhibits cytochrome P450 and 
a variety of mono-oxygenases in human liver 
microsomes.[l26) 

The introduction of enteral nutrition in 8 pa
tients in the ICU receiving long term (?7 days) pro
pofol infusions had no effect on blood propofol 
concentrations or total body clearance.[127) 

3. Therapeutic Efficacy 

The use of propofol for sedation in the intensive 
care unit has been the subject of a number of inves
tigations in a variety of patient populations. This 
review primarily focuses on randomised compara
tive trials, with the use of Ramsay scores (table II) 
as the most common method to measure the level 
of sedation. Trials were not blinded; this is presum
ably due to the difficulty of doing so given the dis
tinctive appearance of the propofol formulation. 
Recovery parameters such as the time to spontane
ous ventilation and/or time to extubation were also 
often assessed. Other end-points that were mea
sured, such as ICP and CPP in patients with head 
trauma or in patients undergoing neurosurgery, var
ied depending on the patient group being studied. 

3.1 Sedation in Medical or 
General Surgery Contexts 

3. 1. 1 Noncomparative Trials 

In noncomparative trials, propofol (mean infu
sion rates of 1.93 to 4.9 mg/kg/h for up to 7 days) 
alone or in combination with opioid analgesics 
and/or peridural analgesia with local anaesthetics 
has been reported to be effective in providing ade
quate sedation (based on clinical assessments using 
Ramsay or modified Glasgow Coma scales) in me
chanically ventilated patients.[9.10.27,69.128) Most 
patients recovered within 20 minutes after the end 
of the infusion. The use of propofol for long term 
sedation (up to 38 days) has been reported in a 
small number of patients. [11,129) However, some of 
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these patients needed increased dosages to main
tain a desired level of sedation, an observation that 
may indicate the development of tolerance to the 
sedative effects of propofol (section 1.1).[11) 

3. 1.2 Comparative Trials 

A number of randomised, comparative trials 
have evaluated the use of propofol for the sedation 
of a mixed group of critically ill patients (table III). 
Continuous infusions of propofol resulted in pa
tients having similar percentages of time (71 to 
94%) under adequate sedation compared with 
those receiving midazolam (71 to 93%).[31,130,131) 
The overall quality of sedation and the patients' 
ability to tolerate the ICU environment (as assessed 
by nursing staff) was similar[l33,134] or superiorl41 ] 
in propofol-treated patients compared with those 
receiving other agents (table III). 

Parameters evaluating the rate of patient recov
ery favoured propofol in some studies (table III). 
Aitkenhead et al.[31] reported that in a subgroup of 
patients whose ability to breathe spontaneously 
was assessed, the mean time to ventilator weaning 
was significantly shorter (p < 0.001) in patients 
receiving propofol (5 minutes) than in those receiv
ing midazolam (148 minutes). Similarly, results 
from 2 studies[29,132) indicated that the mean time 
to recovery (defined either as being awake or hav
ing the ability to answer questions) was shorter in 
propofol-treated patients (13.8 and 14 minutes, re
spectively) than in midazolam-treated patients 
(35.3 and 85 minutes, respectively), although this 
difference was statistically significant in only I 
studyJ29) In patients receiving either short term 
«24 hours), medium term (24 hours to <7 days) or 
long term (>7 days) sedation, the time to extubation 
was significantly shorter in patients receiving pro
pofol (0.3 to 0.8 hours) than in those receiving mid
azolam (2.5 to 36.6 hours) for all 3 subgroupsJ131) 
In these same patients, the time to recovery and 
discharge from the ICU was also shorter in the pro
pofol groups (1 to 1.8 hours) than the midazolam 
groups (3.6 to 54.7 hours), although statistical 
analyses were not provided for this parameter. A 
pharmacoeconomic analysis of these patients re
vealed that while drug acquisition costs were sig-
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Table III. Efficacy of propofol for sedation of patients in the intensive care unit (ICU). Summary of randomised trials comparing propofol (P) 
with midazolam (M) or isoflurane (I) for the sedation of critically ill patients (medical, general surgery or trauma) requiring mechanical ventilation 
in the ICU 

Reference Patient No. of Mean Mean Results 
type patients dosage duration of time with mean time to mean time quality 

(mg/kg/h) infusion adequate ventilator to recovery of 
(h) sedation weaning (min) sedation 

(%) (min) 

Comparison with midazolam 
Aitkenhead et al.[31] Gen surg, med, trauma P53 1.77 20.2 94" 5**(n = 21) 

M 47 0.10 21.3 93" 148 (n = 18) 

Beyer & Seyde[29] Abd surg P20b 1.9 NR 14*c 

M 0.11 85c 

Boyle et al.[130] Gen surg, med P29 NR 67 71" 

M 29 41 71" 

Carrasco et al.l131 ] Gen surg, med, trauma P46 2.3 NR 93*d 

M42 0.17 82d 

Fruh[132] Med, gen surg, trauma Pl0 1.62 10 13.8" 

M 10 0.20 10 35.3" 
Ronan et al.[41] Abd surg, ortho surg P25 1.43 23.8 2.21*f 

M 25 0.028 33.2 2.48f 

Wolfs et al. [133] Abd surg P 17 1.7 6 16.4 P"M 

M 17 0.11 6 85.2 

Comparison with isoflurane 
Millane et al.[134] Med, gen surg P 24g 1.4 27 96 1.93h 

124g 0.35% 24 97 1.94h 

a Ramsay score 2 to 4. 

b Total number of patients; distribution not specified. 

c Time to answering questions. 

d Ramsay score 2 to 5. 

e Time to being awake. 

Nurse rated scale: 1 = excellent; 2 = above average; 3 = average; 4 = below average; 5 = poor. 

g Crossover study. 

h Nurse rated scale: 1 = poor; 2 = optimal; 3 = too deep. 

Mean inspiratory concentration. 

Abbreviations and symbols: abd surg = abdominal surgery; gen surg = general surgery; h = hours; med = medical; min = minutes; NR = not 
reported; ortho surg = orthopaedic surgery; " indicates no significant difference between treatments but no values reported; * p < 0.05 vs 
comparator; ** p < 0.001 vs comparator. 

nificantly higher in the propofol groups, this was 
offset by significantly lower postsedation care 
costs associated with propofol. Postsedation care 
costs were determined by the number of hours in 
which the patient required special care until their 
level of consciousness permitted transfer to a ward 
multiplied by the price charged to the patient per 
hour of stay. Total costs of sedation (drug acquisi
tion costs plus postsedation care costs) were sig
nificantly higher for midazolam than propofol in 
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the short term sedation group. There was no signif
icant difference between propofol and midazolam 
in total costs of sedation for the medium or long 
term sedation groupS.[131] 

In the only comparative trial with isoflurane, the 
quality of sedation as assessed by nurses was sim
ilar between propofol and isoflurane. lI34] In this 
crossover trial, the proportion of patients with sub
optimal sedation was 3.6 and 3.4% for the propofol 
and isoflurane groups, respectively. 
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3.2 Sedation Following Cardiac Surgery 

Sedation following cardiac surgery is important 
to facilitate mechanical ventilation and to minimise 
the haemodynamic responses to pain (which acti
vates the sympathetic nervous system) that might 
damage an ischaemic myocardium)40] Propofol 
has been evaluated as an intensive care sedative 
following cardiac surgery in a number of clinical 
trials. Exclusion criteria were not always de
scribed, but some studies excluded patients with 
left ventricular dysfunction (ejection fraction <35 
to 40%)[24.35] or perioperative haemodynamic in
stability[37] because of the reported cardiovascular 
depressant effects of propofol (sections 1.2 and 
4.1), Dose-finding studies evaluated propofol 0.24 
to 4 mg/kg/h in patients following cardiac sur
gery)4,5,26,135] In general, lower dosages tended to 
be associated with a greater need for supplemental 
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sedatives or analgesics while higher dosages were 
associated with a more frequent need to temporar
ily discontinue propofol to prevent hypoten
sion)5,26] 

Table IV summarises studies comparing pro
pofol with midazolam or alfentanil in patients re
quiring leu sedation following postcardiac sur
gery. The percentage of time that patients were at 
the desired level of sedation (based on Ramsay 
scores) was similar for all agents, with the excep
tion of one study which reported propofol to be 
significantly superior to midazolam (86 vs 56%).[25] 

The mean time to spontaneous ventilation ranged 
from 13.6 to 52 minutes for propofol-treated pa
tients, which was significantly shorter than the 
ranges observed in midazolam-treated patients (66 
to 197.8 minutes)P3,35,37] Mean times to extuba
tion ranged from 11. 9 to 250 minutes and 127.9 to 

Table IV. Efficacy of propofol for sedation of patients after coronary artery bypass graft surgery. Summary of randomised, comparative trials of 
propofol (P) vs midazolam (M) or alfentanil (A) in the sedation of mechanically ventilated patients following coronary artery bypass graft surgery 

Reference No. of Mean dosage Mean duration Results 
evaluable (mg/kg/h) of infusion "'ti:-m-e-w-:-itC"h""d""es-:-ir-e-:-d-m-e-a-n"Cti""m-e"Cto---m-e-an-t:-im-e-t:-o-

patients (h) level of sedation 
(%) 

Comparison with alfentanil 
Nollet & Verbeke[136J P 12 

A13 

Comparisons with midazolam 
Higgins et al.[24J P 42 

Grounds et al. [23J 

McMurray et al.[25J 

Roekaerts et al. [35J 

Snellen et al.[37J 

a Ramsay score ;"3. 

b Ramsay score 2 to 4. 

c Derived from graph. 

d Ramsay score 2 to 5. 

M38 

P30 

M30 

P50 

M50 

P 15 

M 15 

P20 

M 20 

e Time to initiation of ventilatory weaning. 

2 13 87.5" 

0.038 14.2 82.5" 

0.7 9.2 73b•C 

0.018 9.4 79b •c 

0.79 8.3 91 d 

0.016 10.3 81 d 

1.15 16.7 86He 

0.034 16.2 56c 

2.7 9.5 

0.092 9.7 

0.91 10.5 59.6b 

0.038 10.6 53b 

spontaneous 
ventilation 
(min) 

32.1 

43.5 

13.6** 

197.8 

52**· 

195· 

24*· 

66· 

extubation 
(min) 

73.8 

83.9 

P",M 

24.9** 

226.1 

11.9** 

127.9 

250* 

391 

154 

243 

Abbreviations and symbols: h = hours; min = minutes; '" indicates no significant difference between treatments but no values reported; 
* p < 0.05 vs comparator; ** p < 0.001 vs comparator. 
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391 minutes in propofol- and midazolam-treated 
patients, respectivelyP3,25,35,371 

Propofol and midazolam generally produced 
similar haemodynamic effects. Both drugs tended 
to produce transient decreases in MAP although 
the effects were generally not clinically significant 
(fig. 3). The requirement for supplemental opioids 
for analgesia was significantly lower in patients 
sedated with propofol than in those receiving mida
zolam in some studies[23-251 but not in othersP5,371 

In one comparative trial with alfentanil, the de
gree of satisfactory sedation, the time to resump
tion of spontaneous respiration and time to extuba
tion were similar between the 2 drugS.[1361 

3.3 Sedation Following Head Injury or 
Neurosurgery 

Sedation in patients with head trauma is impor
tant to facilitate smooth mechanical ventilation and 
to avoid increases in MAP and ICP. A major goal 
of therapy is to maintain CPP above 60mm Hg in 
order to prevent ischaemic damage. Limited data 
from small comparative or noncomparative trials 
suggest propofol may have a role in the sedation of 
patients with head trauma. In noncomparative 
studies involving 50 patients also receiving me
chanical hyperventilation with or without mannitol 
and/or opioids, propofol 1.4 to 4.97 mg/kg/h pro
vided adequate sedation and maintained CPP 
above 60mm Hg in all patients except one.[50-521 
ICP was either unchanged or slightly decreased in 
these patients. 

Results from comparative studies showed that 
propofol was as effective as morphine plus mid
azolam,[541 fentanyl[1371 or morphine plus pento
barbital[138J in controlling ICP in patients with 
head injury. 

In the postoperative period following neurosur
gery, sedation is important to minimise the physi
ological stresses that may compromise cerebral 
function. Noncomparative trials in such patients 
found that propofol provided adequate sedation 
and allowed acceptable control of cerebral haemo
dynamics.[139-1411 When compared with mid
azolam (mean dosage 0.075 mg/kg/h), propofol 
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(mean dosage 2.67 mg/kg/h) showed no significant 
difference in cardiovascular or intracranial pres
sure measurements.[ 1421 There also were no signif
icant differences between the groups in the quality 
of recovery as assessed by the medical staff. How
ever, for patients extubated before discharge from 
the ICU, the median time after discontinuation of 
the infusion to discharge was significantly shorter 
in the propofol group (6.25 hours) than in the mid
azolam group (9.79 hours»)1421 

3.4 Sedation in Special Patient Populations 

3.4. 1 Patients with Chronic Obstructive 
Pulmonary Disease 
The use of propofol in patients with chronic ob

structive pulmonary disease (COPD) requiring 
mechanical ventilation because of acute respira
tory failure has been evaluated in one compara
tive[1431 and one nQncomparative[l441 study. In 10 
patients with COPD, propofol provided adequate 
sedation (as measured by Ramsay scale) in dosages 
of 1 to 3 mg/kg/h)1441 In the comparative trial, 
those receiving propofol (n = 5) had a superior 
overall quality of sedation (as assessed by nursing 
staff) than those receiving midazolam (n = 6) after 
mean dosages of 1.73 and 0.14 mg/kg/h, respec
tively)1431 

3.4.2 Paediatric Patients 
The use of propofol for the sedation of paediat

ric patients in the ICU has not been well studied 
and there is significant concern regarding its use in 
this popUlation. Only a few case reports or small 
studies involving mechanically ventilated children 
receiving propofol have been published to 
date)145- 1481 These reports describe the successful 
use of propofol in children, although the dosages 
used varied considerably. Despite the lack of ade
quate information, propofol is reported to be com
monly used for this purpose)1491 However, a num
ber of adverse events (including fatalities) have 
been reported in children after propofol use in the 
paediatric ICU (section 4.4) and the use of pro
pofol for intensive care sedation in paediatric pa
tients is not recommended by the manufacturer.[61 
Therefore, the unrestricted use of propofol in chil-
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dren should not be undertaken outside of controlled 
clinical trials. 

3.4.3 Other Patient Groups 
Institution of venovenous haemodiafiltration in 

10 mechanically ventilated patients with oliguric 
renal failure did not substantially influence the re
quirement of propofol for sedation.[l50] Propofol 
has also been used for sedation of patients with 
tetanus[151,152] and delirium tremens[153] in a few 
cases. 

4. Tolerability 

Determining the causality and incidence of spe
cific adverse effects of propofol when used in ICU 
sedation is complicated by the fact that patients 
receiving the drug are generally very ill and are 
often receiving multiple medications. Thus, it is 
often difficult to determine whether adverse events 
are related to propofol, the underlying disease state 
or other medications. 

4,1 Cardiovascular Events 

Propofol has well described cardiovascular de
pressant effects which are most commonly mani
fested as hypotension and to a lesser extent brady
cardia (section 1.2). Hypotension was reported in 
26% of patients receiving propofol for ICU seda
tion.[6] Some evidence suggests that the elderly, pa
tients with hypotension, debilitated patients, pa
tients with severe cardiac disease (ejection fraction 
<50%) or other American Society of Anesthesiol
ogists (AS A) class III/IV patients may be at in
creased risk for adverse cardiovascular effects.l6] 
Additionally, reversible asystole has been reported 
after induction of anaesthesia with combinations of 
propofol and fentanyl[154,155] and propofol, fen
tanyl and suxamethonium chloride (succinylchol
ine chloride).[156] Heart block[157] and supraven
tricular and ventricular tachycardia[158] have also 
been reported during propofol anaesthesia. 

4.2 Neurological Events 

Although propofol has been used to treat status 
epilepticus in patients refractory to standard treat-
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ment (section 1.4.3), there have also been reports 
of neuroexcitatory events associated with the drug 
during use for anaesthesia. These include convul
sions, [159-165] opisthotonos, [166-171] myoclonus[ 172,173] 
and choreoathetoid movements.l174] These effects 
are most commonly seen during emergence from 
anaesthesia and have usually been transient in na
ture, [159,175] although at least one case of permanent 
brain damage (probably related to hypoxia) has 
been reported.[175] It has been suggested that these 
abnormal movements are subcortical in nature 
rather than true cortical seizure activity and that the 
effect is more likely to be seen with low dosages of 
propofol,[68,176] The relevance of these effects in 
the ICU setting is unknown. 

Withdrawal phenomena which include restless
ness, movement disorders, convulsions, mental 
status changes and hallucinations have been re
ported in adults receiving propofol for ICU seda
tion for ~5 days.[177,178] 

4.3 Infection 

Propofol is supplied in an oil-in-water emulsion 
and contains no preservative. In vitro studies have 
found propofol to be an excellent medium for the 
growth of a variety of organisms.[179-183] 

A number of outbreaks of postsurgical Gram
positive, Gram-negative and fungal (Candida al
bicans) infections have been documented in pa
tients receiving contaminated propofol,[184-187] 
However, in all cases the contamination was prob
ably related to a failure to use aseptic technique in 
the preparation and administration of the drug.[187] 

4.4 Events in Paediatric Patients 

Case reports of fatal myocardial failure 
with[188,189] or without[190] lipaemia and metabolic 
acidosis have been reported in children sedated 
with propofol in the ICU. Many of these children 
had concurrent respiratory tract infections. How
ever, the FDA's Anesthetic and Life Support Drugs 
Advisory Committee was unable to find an iden
tifiable link between propofol and these adverse 
cardiac events.l191 ] 
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Withdrawal effects including restlessness, jitteri
ness, myoclonus and convulsions have been reported 
in children after discontinuation of prolonged (4 days 
to 2 weeks) propofol infusions.lI92-194] 

4.5 Other Events 

Pain on injection is commonly reported when 
propofol is administered via a peripheral vein;[I95] 
however, this is rarely a problem in ICU patients 
since they usually receive the drug via a central 
line. Long term infusions of propofol are associ
ated with a progressive increase in serum lipid lev
els (section 1.5.1). Respiratory acidosis during 
weaning of ventilation has been reported in 3 to 
10% of patients sedated in the ICUJ6] Anaphylaxis 
or anaphylactoid reactions to propofol, confirmed 
by skin tests, have been occasionally reported after 
either initial administration or re-exposure.[I96-198] 
Green discoloration of the urine may be seen, par
ticularly after long term administration.[199-202] 
The effect is transient and does not adversely affect 
renal function. [199] Tolerance to the sedative effects 
of the drug, necessitating increased dosages, has 
been reported in patients receiving the drug for 
more than 7 days (section 1.1). 

5. Dosage and Administration 

To minimise the risk of hypotension, continu
ous infusions of propofol in mechanically venti
lated adult patients in the ICU should be initiated 
at a low rate [0.3 mg/kg/h (5 Ilg/kg/min)] and ad
justed according to clinical requirements. Upward 
adjustments in increments of 0.3 to 0.6 mg/kg/h (5 
to 10 Ilg/kg/min) at intervals of at least 5 minutes 
may be made. Most patients require a maintenance 
infusion rate ranging from 0.3 to 3 mg/kg/h (5 to 
50 Ilg/kg/min) although higher rates may be nec
essary. Patients who have received large doses of 
opioids should be given reduced propofol dosages. 
Bolus doses of propofol 10 to 20mg to rapidly in
crease the level of sedation should be used only in 
patients in whom the risk of hypotension is low. A 
daily evaluation of the degree of sedation and CNS 
function should be carried out to determine the 
minimum dosage required)6] For patients receiv-
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ing enteral or parenteral nutrition, calculations of 
the dosage of intravenous lipids should be adjusted 
to include the lipid content of the propofol infu
sion. The use of propofol for children in ICU seda
tion is not currently recommended.[6] 

6. Place of Propofol in 
Intensive Care Sedation 

The ICU is an extremely stressful environment 
in which patients often experience anxiety, pain 
and inability to sleep. Sedation for patients in the 
ICU is used primarily to increase patient comfort 
through the provision of anxiolysis, analgesia and 
sedation and to minimise resistance to mechanical 
ventilation without causing autonomic or cardio
pulmonary adverse effects.[203,204] Inhibition of 
stress- and pain-induced sympathetic responses is 
also important.[40] There is no single depth of se
dation that is appropriate for all patients; clinicians 
need to take into account the underlying medical 
condition of the patient and the expected duration 
of sedationP03] In general, nonparalysed patients 
should be sedated but easily arousable, whereas 
paralysed patients require sedation to unconscious
ness. [203,204] 

Agents used for ICU sedation can be divided 
into those which are principally analgesic (e.g. opi
oids) and those which are principally hypnotic (e.g. 
benzodiazepines, propofol). These groups of drugs 
are often used in combination in order to maximise 
clinical benefits at the lowest possible dosages. 
Benzodiazepines such as diazepam, lorazepam and 
midazolam are commonly used sedative agents in 
the ICU. They are effective sedatives and also have 
significant anxiolytic, amnesic and anticonvulsant 
effects.[204] Benzodiazepines have minimal cardio
vascular effects and usually cause only mild respi
ratory depressionP05] However, drug accumula
tion after their prolonged administration can result 
in delayed recovery. Additionally, withdrawal syn
dromes, especially after high dose long term use, 
have been reported after discontinuation of benzo
diazepines. [204] 

Propofol has many qualities that make it an at
tractive alternative for the sedation of mechani-
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cally ventilated patients in the ICU. It has a rapid 
onset and short duration of action, and its metabo
lism does not appear to be affected by renal or he
patic dysfunction. Recovery from sedation is rapid 
even after prolonged infusions. The reductions in 
systemic vascular resistance and heart rate associ
ated with propofol mitigate pain- and stress-in
duced sympathetic responses. Additionally, pro
pofol has anticonvulsant properties, is usually 
associated with good haemodynamic stability and 
does not have clinically significant adrenocortical 
suppressant effects. 

Propofol has been shown to be an effective 
agent for the sedation of mechanically ventilated 
patients in the ICU including postsurgical (e.g. car
diac, abdominal, orthopaedic surgery) and general 
medical patients and patients with head trauma. It 
may be especially useful in postcardiac surgery 
where rapid extubation following a period of ven
tilation is desirable. In short term «3 days) studies 
in general medical or postsurgical patients, pro
pofol provided a quality of sedation at least as good 
as that provided by midazolam and tended to pro
duce a faster recovery (time to spontaneous venti
lation, time to extubation) than midazolam after 
discontinuation of administration. 

In a few trials in patients with head trauma, pro
pofol provided adequate sedation and maintenance 
of CPP. However, the tendency of propofol to de
crease MAP (and thus the potential to decrease 
CPP) is of concern in these patients, although this 
has not been a problem in studies to date. Whether 
propofol has any advantages over barbiturates or 
opioids in patients with head trauma remains to be 
determined in future comparative trials. 

The short duration of action of propofol allows 
easy titration of the level of sedation. This is a use
ful property when monitoring neurological func
tion, performing procedures (e.g. physiotherapy) 
that require changes in the levels of sedation and in 
maintaining a day-night sleep pattern. The rapid 
recovery seen with propofol could also potentially 
reduce overall medical costs if this would allow 
patients to be discharged from the ICU sooner, al
though time to discharge has been measured in only 
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2 studies to date. Indeed, in 1 pharmacoeconomic 
evaluation, even though drug acquisition costs 
were higher for propofol than midazolam, total 
medical costs for patients sedated for less than 24 
hours were lower in propofol-treated patients be
cause of higher postsedation care costs than in pa
tients receiving midazolam. 

The benefits of the rapid recovery profile from 
propofol are less clear in patients requiring seda
tion long term; rapid reversal is rarely necessary in 
these patientsP04] Additionally, there is less likely 
to be an economic advantage for long term pro
pofol sedation use since the increased total drug 
acquisition costs associated with longer term use 
would be more likely to exceed the savings ob
tained by a fast recovery. Other potential draw
backs to the use of propofol for long term sedation 
include the potential for hyperlipidaemia and the 
development of tolerance to the sedative effects of 
the drug. Moreover, there is a need to prepare pro
pofol immediately prior to administration and to 
discard unused portions after 12 hours. This has the 
potential to increase drug wastage and thus to raise 
drug costs. 

While the usefulness of propofol for ICU seda
tion is well established, some areas require further 
investigation. Additional studies in paediatric pa
tients are required to establish the relative safety of 
propofol in this age group. More data on the 
postweaning pulmonary effects of propofol, partic
ularly in patients with adult respiratory distress 
syndrome, are needed. Additional experience with 
the long term use of propofol and in patients with 
head trauma (both with emphasis on haemodyna
mic and cerebral outcomes) is also required. Impor
tantly, pharmacoeconornic evaluations are needed to 
determine those situations where propofol is cost 
effective. 

In summary, although some aspects regarding 
its optimum use from clinical and pharmacoecono
mic perspectives need further clarification, there is 
considerable evidence to establish that propofol is 
a useful alternative to benzodiazepines and/or 
other hypnotics or analgesics for ICU sedation. The 
rapid recovery of patients after discontinuation of 
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the drug gives propofol an advantage over existing 
sedative agents, particularly in patients requiring 
short term sedation. 
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