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ABSTRACT
Background: Investigators have reported inter-patient variability with regard to propofol dosage for induction of anesthesia,
since early dose finding studies. With the arrival of generic formulations of propofol, questions have arisen regarding further
variability in dose requirements. Various studies have confirmed that generic propofol preparations are pharmacokinetically
and pharmacodynamically equivalent to Diprivan®. Nevertheless a number of practitioners are under the impression that
certain generic propofol preparations require greater doses for induction of anaesthesia than does Diprivan®.
Methods: 20 female patients of ASA status I-II, between the ages of 18-55 years, scheduled for routine surgery were randomly
allocated to two groups to undergo induction of anaesthesia using two different propofol formulations; Diprivan® and
Propofol 1% Fresenius®. Either preparation was administered using a target-controlled infusion of propofol (STEL-TCI)
targeting the plasma (central) compartment at a concentration of 6 +g.ml-1, employing the pharmacokinetic parameters of
Marsh et al. A processed EEG (bispectral index) was continuously recorded. Loss of consciousness (LOC) was regarded as
the moment at which the patient could not keep her eyes open and was confirmed by the absence of an eyelash reflex.
At this point propofol administration was discontinued and data were recorded for a further two minutes, before administering
an appropriate opioid and/or nitrous oxide/volatile agent and/or muscle relaxant to maintain anaesthesia. Time to LOC
after start of propofol administration, and the dose of propofol administered during induction were annotated.
Results: There were no demographic differences between the groups. There were no differences between the groups with
regard to the mean dose for LOC, time to LOC and to the mean BIS values obtained at the following stages: awake, at LOC,
at 1 and 2 minutes after LOC as well as the lowest recorded value.
Conclusions: Our results confirm that the two propofol formulations that we studied, are pharmacologically equivalent with
regard to induction of anaesthesia. Other mechanisms can explain the variability in clinical response to bolus administration
of propofol. The most important is the recirculatory or “front-end” kinetics of propofol in which cardiac output plays a major
role, as well as the rate of drug administration. Emulsion degradation can also influence dose-response and in this regard
it should be noted that the addition of foreign substances such as lignocaine, can result in rapid deterioration of the soyabean emulsion.

Introduction
Investigators have reported inter-patient variability with regard
to dose requirements for induction of anaesthesia (inductiondoses), since early dose finding studies.1 With the arrival of generic
formulations of propofol, further questions have arisen with
regard to variability in dose requirements.2 In South Africa two
propofol formulations are available, namely Diprivan® (AstraZeneca)
and Propofol 1% Fresenius® (Fresenius-Kabi). These drugs are
presented in identical soya-bean emulsion formulations, (apart
from a small amount of EDTA added to Diprivan® to inhibit
microbial growth). However, a number of anaesthesiologists aver
that in their clinical experience, the Fresenius preparation requires
greater induction-doses than those required by Diprivan®.
A number of investigators have attested that several generic
propofol preparations are pharmacokinetically and
pharmacodynamically equivalent to Diprivan®.3-5 Calvo et al
reported minor differences when they examined the influence
of five different emulsion formulations on propofol
pharmacokinetics and pharmacodynamics; Diprivan®, Recofol®,
Ivofol®, Propofol-Abbott® and Popofol-1%-Fresenius®. The authors
concluded that the pharmacokinetic properties were similar, apart
from Ivofol®, which had a smaller volume of distribution. Recofol
required greater induction doses than Diprivan®. It is interesting
to note that they found no difference between the mean inductiondoses for Diprivan® and Popofol-1%-Fresenius®.
The purpose of this randomized, controlled study was to compare
two different preparations of propofol (Propofol-1%-Fresenius®
and Diprivan®) for induction of anaesthesia, including the effects
SAJAA 2008;14(6) • NovDec

on the electroencephalogram (EEG). The hypothesis was that
the two propofol formulations are equivalent, with regard to the
required induction-doses, the times to loss of consciousness
(LOC) and to the effects on the electroencephalogram (EEG) as
measured by the bispectral index monitor (BIS).
Methods and materials
The study was conducted according to the principles of the
Declaration of Helsinki. The study was approved by the Research
Ethics Board of our hospital. Informed, written consent was
obtained from 20 female patients of ASA status I-II, between the
ages of 18-55 years, scheduled for routine surgery and who were
randomly allocated to two groups to undergo induction of
anaesthesia using either, Diprivan® or Propofol-1%-Fresenius®.
Exclusion criteria were: body mass index >35 kg.m-2, uncontrolled
hypertension, ischaemic heart disease, renal or hepatic dysfunction,
chronic pulmonary disease, suspected substance abuse, patients
who had taken herbal preparations within the previous two
weeks, patients scheduled for regional anaesthesia, pregnant or
breastfeeding patients, congestive cardiac failure, patients who
had received opioids or sedative medication within 24 hours of
the study and patients who had participated in another clinical
trial within the last month. Randomisation was done according
to a random number generator (http://www.randomization.com).
Sequentially numbered sealed envelopes were prepared containing
a form assigning each patient to a group. Neither the participants
nor the researchers involved had any knowledge of the contents
of the envelope, ensuring blinding of allocation. Only after
applying the criteria of eligibility and obtaining consent from
each participant were the envelopes opened. The patients were
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blinded to the propofol preparation (single-blinded), but the
brand name of the propofol preparation was known to the
anaesthetist responsible for induction of anaesthesia and the
researcher that collected the data. No premedication was
administered. On arrival in the operating room, routine monitoring
was instituted (noninvasive blood pressure, ECG, pulse oximetry).
A large peripheral vein was used for the administration of fluid
and propofol to minimize pain on propofol injection. A processed
electro-encephalographic (EEG) monitor (Bispectral Index [BIS],
Aspect Systems, USA) was attached and the data were recorded
to computer disk using proprietary software (Dept. Anesthesiology
and Intensive Care, University of Stellenbosch).

variances, inter-group comparisons were made using two-sided
t-tests for independent groups (Sigmastat for Windows version
2.03, SPSS Inc, USA). Within-group comparisons were made
using ANOVA for repeated measures. An alpha error of 0.05 or
less was accepted as indicating statistical significance.
Results
The groups did not differ with regard to age, weight and body
mass index (Table I). Results of the comparisons of the induction
characteristics of the two propofol preparations are presented
in Table II. There were no statistically significant differences
between the following measurements: Mean induction doses of
propofol (2.1 and 2.3 mg.kg-1 in the Fresenius and AstraZeneca
groups respectively); mean times to LOC (2.1 minutes and. 2.2
minutes, with BIS-values at LOC of 46.9 and 46.7); the lowest
recorded BIS values (38.2 and 33.8); mean BIS values at the
following stages: awake, at LOC, at 1 and 2 minutes after LOC
(Table II).

Pre-oxygenation was commenced using 100% oxygen administered
by close-fitting mask at a flow rate of 6 l.min-1 and the patients
were instructed to keep their eyes open for as long as they
could. As an additional measure to minimize pain on propofol
injection, 2 ml of 2% lignocaine was administered into the vein
prior to propofol injection. Induction of anaesthesia was conducted
using a target-controlled infusion
system (STEL-TCI, controlling a
Table I: Demographics
Harvard-22 syringe pump via a RS232
serial cable) (STEL-TCI: A targetFresenius
Astra-Zeneca
P
95% CI
controlled infusion system that is
Group
Group
Difference
included in the STELPUMP suite of
pharmacokinetic programs 2003:
Age (years)
35.0
33.3
0.60
-5.1 to 8.5
Authors JF Coetzee and P de Kock,
(5.8)
(8.4)
Stellenbosch University.) The plasma
Weight (kg)
68.6
71.0
0.75
-17.8 to 13.0
site (central compartment) was targeted
(15.4)
(17.3)
at a concentration of 6 +g.ml-1,
employing the pharmacokinetic
BMI (kg.m-2)
26.5
27.8
0.65
-6.9 to 4.4
parameters of Marsh et al.6 LOC was
(5.8)
(5.2)
regarded as the moment at which the
RPP
9996
9663
0.78
-2124 to 2789
patient could not keep her eyes open
(2852)
(2353)
and was confirmed by the absence
of an eyelash reflex, and loss of verbal
contact. At this point Propofol
Data are presented as mean (standard deviation).
administration was discontinued and
BMI = body mass index;
data were recorded for a further two
95% CI Diff = 95% confidence interval of the difference between means;
RPP = Rate-pressure product before induction of anaesthesia.
minutes, as described below. If the
patient became apnoeic, gentle,
manual, intermittent positive pressure
Table II: Results
breathing was applied. On completion
of data recording, the anaesthesia was
Fresenius
Astra-Zeneca
P
95% CI Diff
N for 80%
further maintained by administering
Group
Group
(t-test)
power
an appropriate opioid and/or nitrous
oxide/volatile agent and/or muscle
Total dose
141
153
0.54
-52 to 28
200
relaxant as dictated by the
(mg)
(38)
(47)
requirements for surgery.
Data recorded:
Demographic data included: patient
body weight, height, age, sex and
ASA-status. Experimental data included
time to LOC after the start of propofol
administration, the total dose of
propofol administered, and BIS values
recorded at the following times: before
induction of anaesthesia, at LOC, 1
and 2 minutes after LOC.
Data analysis:
Power analyses were performed using
computer software (PASS, Number
Cruncher Statistical Systems, Kaysville,
Utah, USA). It was presupposed that
if induction doses of 1.5 mg.kg-1 and
2.5 mg.kg-1 (standard deviation 0.7
mg.kg-1) represent clinically important
differences, then group sizes of 8 each
are necessary to achieve 82% power
to detect such a difference. It was
decided to study 10 patients in each
group. An intention-to-treat analysis
was used. After testing for equal
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Dose
(mg/kg)

2.1
(0.6)

2.3
(0.8)

0.70

-0.8 to 0.6

197

Time to LOC
(min)

2.3
(1.4)

2.2
(1.3)

0.90

-1.2 to 1.3

2865

BIS at LOC

46.9
(14.4)

46.7
(14.2)

0.97

-14.1 to 14.5

80 000

BIS awake

97.3
(1.6)

97.1
(0.7)

0.72

-0.9 to 1.4

BIS at 1 min

43.2
(8.8)

40.9
(14.9)

0.69

-9.7 to 14.4

445

BIS at 2 min

51.7
(10.6)

48.0
(15.2)

0.56

-9.2 to 16.5

197

Lowest BIS

38.2
(8.8)

33.7
(13.9)

0.45

-8.0 to 17.0

105

Time to lowest
BIS (min)

1.8
(0.9)

1.5
(0.7)

0.47

-0.6 to 1.2

114

Data are presented as mean (standard deviation).
LOC = loss of consciousness; BIS = bispectral index;
BIS at 1 and 2 min = BIS value obtained 1 and 2 minutes after LOC.
95% CI Diff = 95% confidence interval of the difference between means;
N for 80% power = Number of subjects per group in order to achieve 80% power to detect a real
difference with alpha 0.05, using a two-sided, two-sample t-test.
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Discussion
It is possible that this small study was insufficiently powered to
detect real differences in the induction characteristics of the two
propofol preparations. Power calculations were performed, using
the means and standard deviations obtained from this study, in
order to estimate the number of subjects that needed to be
studied in order to achieve 80% power to detect real differences.
These are presented in Table II. It is apparent from the required
large group sizes that any real differences would probably be
so small that it is unlikely that they would be of clinical importance.
As there were no differences between the two groups we pooled
the data and in order to extrapolate our findings to the population
(women with normal body mass), we calculated the 95%
confidence intervals (Table III). The wide confidence intervals
probably reflect extensive inter-patient variability, however the
small sample size could also have contributed thereto.
Several previously published propofol dose-finding studies used
different methods to determine induction doses2;7-10 (Table IV).
Some of these did not report 95% confidence intervals making
it difficult to compare results, however from the studies presented
in Table IV, it is apparent that the ED95 of propofol is somewhere
between 2 and 2.5 mg.kg-1 7-10 irrespective of the use of
premedication, rate of propofol injection or method for determining
the moment of LOC employed. Our results are comparable to
those obtained by Calvo et al whose study was in many ways,
methodologically similar to ours. Their mean induction dose
was 147.2 mg (95% CI from 120.9 to 173.5) for Diprivan® and
163 .7 mg (95% CI from 135.4 to 192.0) for Propofol Fresenius®.2
There are various explanations for the occurrence of inter-patient
variability in response to rapidly administered doses of propofol
that include the phenomenon of recirculatory or “front-end”
kinetics, different methodological endpoints used for determining
LOC and the influence of emulsion degradation.
The “front-end” kinetics of propofol:
In an editorial, Krejcie and Avram11 coined the term “front-end”
kinetics when commenting on studies of chronically instrumented
sheep by Upton and coworkers.12 Following rapid injection, a
chain of physiological and anatomical factors, from the place
of entry to the effect-site, influence the extent of drug effect and
the time of onset.13 Firstly, drug is mixed in the venous flow
before entering the pulmonary circulation through which it must
undergo a first-pass before entering the systemic circulation.
The lungs may delay the passage of drugs and even remove
significant proportions.14-16 The systemic circulation then distributes
drug to various organs (including the targeted organ) through
which it is again subjected to a first-pass before being returned
to the venous flow for recirculation. Although the liver is mainly
responsible for the metabolism and elimination of propofol,
some extra-hepatic metabolism (notably the lungs and kidneys)
does occur.17,18 Various studies have indicated that cardiac output
has a particularly important influence on blood drug concentrations
according to the same principle by which dilution of injected

tracer is used to measure cardiac output.12.19 As cardiac output
increases, peak arterial concentrations decrease in response to
a bolus dose and the area under the arterial concentration-time
curve decreases, leading to decreased effects on the targeted
organ. Distribution of arterial blood flow to the brain also plays
an important role in determining the extent of drug effect: The
greater the cerebral blood flow, the higher the peak brain
concentrations and the greater the effects.20 It is interesting to
note that propofol reduces cerebral blood flow21,22 and it is
possible that this may affect its own uptake into the brain.
It is apparent that the traditional two (or three)-compartment
mammillary models that are used to express the disposition of
intravenously administered drugs, are inadequate to describe
the early pharmacokinetics and pharmacodynamics of short,
rapid infusions (“bolus” doses). These models assume that drugs
distribute immediately and homogeneously within a “well-stirred”
central compartment, before undergoing distribution to peripheral
compartments. After injection, the decreasing arterial plasma
concentrations are described by an expression that consists of
the sum of two or more exponential terms. This “polyexponential”
model miss-specifies the early time course of drug concentration,
because it assumes the central compartment to be homogeneous
rather than a complicated system of organs in series and parallel.23
Krejcie et al24 have demonstrated the occurrence of multiple
blood concentration-peaks after bolus injection, particularly
during the first minute, probably due to rapid recirculation.
Because traditional compartmental models are represented by
monotonic functions, these recirculatory oscillations cannot be
described by conventional compartmental models.
Hybrid models that incorporate circulatory physiology (including
lung kinetics and recirculation phenomena) into compartmental
models satisfactorily predict the early time course of propofol
concentrations in the circulation and the brain.25 The simplest
model consists of two compartments, the lungs and the rest of
the body.26 Drug administration is into the “lung” compartment
(which receives the total cardiac output) and clearance is from
the “body” compartment. These models have been developed
further and expanded to include cerebral blood flow and
dynamics. They are able to simulate the complex effects of
circulatory changes on the pharmacokinetics and pharmacodynamics of propofol in sheep,12,20,27-29 as well as in humans.25
The rate at which propofol is administered can influence the
blood concentrations. Simulations using the hybrid model of
Upton and Ludbrook30-32 demonstrate that after rapid intravenous
injection, brain concentrations increase rapidly and continuously
after termination of the infusion, because the greater mass of
propofol is still in transit through the lungs and has yet to reach
the brain. As a result, rapid injection rates produce high peak
concentrations in arterial blood and a subsequent overshoot of
brain concentrations. Little benefit is achieved in terms of
decreased induction times and furthermore high plasma

Table III: 95% Confidence intervals of the pooled data indicating degree of variability.
Mean

SD

Range
Min

Max

95% Confidence
Interval of the mean
128 to 167

Total Dose (mg)

147

42

97

263

Dose in mg/kg bodyweight

2.2

0.7

1.4

3.8

1.9 to 2.5

Time to LOC (min)

2.2

1.3

0.6

5.0

1.6 to 2.8

BIS awake

97

1.2

93

98

96.6 to 97.8

BIS at LOC

46.8

13.9

28

82

39.9 to 53.7

BIS at 1 min

42.0

12.1

13

66

36.1 to 47.9

BIS at 2 min

49.7

13.0

24.0

71

43.5 to 56.0

Lowest BIS

35.9

11.5

11.1

57.3

29.8 to 42.0

Time to lowest BIS (min)

1.6

0.8

0.8

3.8

1.2 to 2.1
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Table IV: Dose finding studies for propofol dissolved in a lipid emulsion.
Dosing
method

Propofol
preparation

Dose
(mg)

95%CI
Dose (mg)

Dose
(mg/kg)

95%CI
Dose
(mg/kg)

Method
LOC

Time to
LOC (s)

95%CI
(s)

Premed

n

Predetermined
dose
over 20s

Diprivan
ED95

168.8

N/A

2.5

N/A

Stop
count

26.7

25.6 to 27.8

No

84

Drop
syringe

34.3

32.1 to 36.5

84

LOR

51.8

47.0 to 56.6

84

Injection
over 20s
after
releasing
tourniquet

Diprivan
ED50

92.1

N/A

1.3

1.2 to1.6

Drop
syringe

<90 s

N/A

ED95

175.9

N/A

2.6

N/A

Naguib
et al.9

Injection
over 15s
into rapidly
flowing
infusion

Diprivan
ED95 @ 30s
ED95@ 60s
ED95 @ 90s

167.7
138.8
136.9

N/A
N/A
N/A

2.7
2.2
2.2

N/A

Stop
count
& LOR

30s
60s
90s

N/A

No

36

Calvo
et al.2

Fast infusion
At 600ml.h-1

ED95
Diprivan

147.2

130 to 164.4

2.0

1.8 to 2.3

BIS 60/
LOR

N/A

N/A

Yes

20

Fresenius

163.7

144 to 183.4

2.3

2.0 to 2.5

Terblanche
& Coetzee

Targetcontrolled
infusion

ED95
Diprivan

153

119.4 to 186.6

2.3

1.7 to 2.9

Fresenius

141

113.8 to 168.2

2.1

1.7 to 2.5

Cummings
et al.7

Grounds
et al.8

No

<90 s

56
56

18
LOR

132

76.2 to 187.8

138

77.9 to 198.1

No

10
10

Legend to Table IV:
95% CI Diff = 95% confidence interval
ED50 = effective dose of propofol that will reliably induce anaesthesia
in 50% of patients
ED95 = effective dose of propofol that will reliably induce anaesthesia
in 95% of patients
LOC = loss of consciousness
Premed = premedication
BIS = Bispectral index
Loss count = loss of verbal contact
LOR = loss of eyelid reflex
N/A = not available

concentrations of propofol can lead to hypotension mediated
by both arterial and venous dilatation. Slower propofol injection
rates, induce anaesthesia almost equally rapidly, using smaller
doses and with better titration to LOC. The optimal duration of
an injection of a bolus of propofol appears to be one to two
minutes, possible benefits being reduced dosage, reduced
overshoot in depth of anaesthesia after the desired end-point
has been reached and reduced peak arterial concentrations,
which may have haemodynamic advantages.33,34 Longer injection
times predictably lead to prolonged induction times. Our TCI
system administered a mean dose of 147 mg during 2.3 minutes,
producing LOC after 2.2 minutes. This is not unduly greater than
the times to LOC that occurred when propofol was administered
during 15 to 20 seconds (Table IV). Furthermore, there was
considerable variation in the times to LOC as evidenced by the
wide standard deviation and 95% confidence interval (Table III).
The influence of the endpoint for LOC:
Dose-finding studies for propofol have utilised various endpoints
to determine the moment at which LOC occurs.7,35,36 Abolition
of response to verbal command signifies a lighter level of
anesthesia than releasing a grasped object. Loss of eyelash reflex
represents an even deeper level of anesthesia.10 The latter method
has been regarded by some as an unreliable method for
determining the moment of LOC.7 The most reliable sign, releasing
a grasped object, is too cumbersome for routine clinical use.
Electroencephalographic (EEG) monitors provide a more objective
means of determining the hypnotic effects of drugs,37 however
they do not reflect the moment of LOC reliably, because of the
time lag that is interposed between LOC and EEG changes. In
■ 28

spite of its perceived shortcomings, loss of eyelash reflex remains
the most commonly used method to determine LOC.
The effects of emulsion formulation of propofol:
Propofol is highly lipophylic and has a small molecule size,
therefore good miscibility with water can be achieved using
lipid emulsions. An emulsion is defined as a mixture of two
immiscible substances. The addition of an emulsifier stabilises
an emulsion by forming a charged, protective layer around the
emulsified droplets that prevents adhesion and coalescence.
The soya bean oil emulsion formulation for propofol is identical
to the parenteral fat formulation, Intralipid®. The oil droplets
contain the dissolved propofol, while phospholipids from purified
egg lecithins serve as the emulsifier.38 Glycerol renders the
mixture isotonic with blood and sodium hydroxide induces
optimal emulsion stability by preserving the pH at 7-8,5. At this
pH the emulsion is charge-stabilised with a zeta potential of 40 to -50 mV.39
Upon intravenous administration the drug diffuses across the
droplet interface, entering the bloodstream. The rate of propofol
release depends on three main factors, the drug concentrationgradient, the partition coefficient and the interfacial area of the
droplets. The latter is in turn dependent on the size of the oil
droplets.38 These should be small enough to allow rapid release,
to pass through capillaries and to be physically stable. Propofol
emulsion droplets are typically the size of chylomicrons (0,150,3+m).40 Ward et al41 performed a double-blind, crossover study
that compared IDD-Propofol with Diprivan. IDD-Propofol is an
alternative formulation in which propofol is dissolved in a 2%
emulsion of medium-chain triglycerides. Although induction
times were 14 % longer with IDD- Propofol than with Diprivan,
the differences were not clinically important.
An emulsion’s stability depends on the formation of a mechanical
barrier by the emulsifier between the oil droplets and the aqueous
phase, as well as on the presence of negative electrostatic
repulsive forces between oil droplets (zeta potential). Emulsion
degradation occurs over time as follows.38 Suspended droplets
collide either naturally (Brownian motion) or due to external
agitation. Upon collision, attractive forces (van der Waal
SAJAA 2008;14(6) • Nov/Dec
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interactions) overcome the repulsive forces, causing droplets to
adhere in a state called flocculation. In this state the thin aqueous
film between two adhered droplets can rupture causing the oil
of the droplets to combine, creating a larger but still emulsified
droplet, a process termed coalescence. Continuing coalescence
yields droplets of increasing larger size, which can rise towards
the emulsion surface (creaming). Both flocculation and creaming
are reversible by agitation. As soon as droplets become sufficiently
large enough so that free oil is formed on the emulsion surface,
they cannot be reduced in size except by re-homogenisation.39
The formation of larger droplets decreases the total surface area
resulting in slower rates of propofol release, so that emulsion
degradation can influence the induction dose. Creaming also
results in the uneven distribution of drug concentration in the
ampoule, which can influence the amount of propofol that is
drawn into a syringe and injected.

4.

There are several factors that can promote emulsion degradation:
• Decreased pH: Fatty acids released by the phospholipids,
decrease pH and destabilise the emulsion by decreasing the
zeta potential. Han has shown that a propofol emulsion
containing sodium metabisulphite (to inhibit microbe growth)
has a pH 4.5-6.4 and is less stable than Diprivan.39
• The presence of cations: Cations (Na+, K+, Ca++ etc.) neutralise
the negatively charged repulsive forces on the droplet surfaces.38
• Addition of lignocaine: Lilley et al43 showed that the addition
of lignocaine decreased the zeta potential of the droplets. At
concentrations greater than 10 mg.ml-1 the mean droplet size
increases significantly.44,45
• Other factors that promote emulsion degradation include increases
in temperature, excessive agitation and freeze thawing.39

14.

Emulsion degradation could have contributed to some of the
inter-patient variability observed in our study, however sodium
edetate (not sodium metabisulphite) is used as the antimicrobial
agent in Diprivan® and the Fresenius preparation is without
preservative. Furthermore, considering that no lignocaine was
added to the propofol preparations, it is unlikely that emulsion
degradation played a major role in our study.

5.
6.
7.
8.
9.
10.
11.
12.
13.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.

Conclusions
Our results indicate that the two studied propofol formulations
are pharmacologically equivalent and that following intravenous
injection, there are no differences between the doses required,
the times to LOC and the effects on the EEG as measured by the
bispectral index monitor (BIS). Several mechanisms can explain
the variability encountered in clinical response following “bolus”
administration. The most important are variations of the recirculatory or “front-end” kinetics of propofol, in which cardiac
output plays a major role. This can, for example, explain the
greater induction doses required for a young, anxious, tachycardic
patient, compared to an elderly patient with a low resting cardiac
output. Other mechanisms may include the rate of administration
and emulsion degradation. It is important that propofol ampoules
that have exceeded their expiry date should be discarded,
particularly if oil droplets are visible on the fluid surface, as this
indicates an advanced stage of emulsion deterioration. Ampoules
of propofol should be agitated before drawing into a syringe as
invisible creaming may have occurred during storage. If lignocaine
is mixed with propofol, not more than 10mg should be added
to a 20ml ampoule and the solution should be used immediately.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

Acknowledgements: AstraZeneca (South Africa) and Fresenius
Kabi (South Africa) who supplied propofol to conduct the study.

38.

Conflict of interest: None

40.

References:

1.

2.
3.

Adam HK, Kay B, Douglas EJ: Blood disoprofol levels in anesthetised patients.
Correlation of concentrations after single or repeated doses with hypnotic activity.
Anaesthesia 1982; 37: 536-40.
Calvo R, Telletxea S, Leal N, Aguilera L, Suarez E, De La FL, Martin-Suarez A, Lukas
JC: Influence of formulation on propofol pharmacokinetics and pharmacodynamics
in anesthetized patients. Acta Anaesthesiol Scand. 2004; 48: 1038-48.
Cohen IT, Hannallah RS, Goodale DB: The clinical and biochemical effects of propofol
infusion with and without EDTA for maintenance anesthesia in healthy children
undergoing ambulatory surgery. Anesth.Analg. 2001; 93: 106-11.

SAJAA 2008;14(6) • Nov/Dec

39.

41.
42.
43.
44.
45.

Pessenbacher K, Gutmann A, Eggenreich U, Gschanes A, Rehak P, List WF: Two
propofol formulations are equivalent in small children aged 1 month to 3 years. Acta
Anaesthesiol.Scand. 2002; 46: 257-63.
Schnider TW, Minto CF, Gambus PL, Andresen C, Goodale DB, Shafer SL, Youngs EJ:
The influence of method of administration and covariates on the pharmacokinetics
of propofol in adult volunteers. Anesthesiology 1998; 88: 1170-82.
Marsh B, White M, Morton N, Kenny GN: Pharmacokinetic model driven infusion of
propofol in children. Br J Anaesth 1991; 67: 41-8.
Cummings GC, Dixon J, Kay NH, Windsor JP, Major E, Morgan M, Sear JW, Spence
AA, Stephenson DK: Dose requirements of ICI 35,868 (propofol, 'Diprivan') in a new
formulation for induction of anaesthesia. Anaesthesia 1984; 39: 1168-71.
Grounds RM, Moore M, Morgan M: The relative potencies of thiopentone and propofol.
Eur J Anaesthesiol 1986; 3: 11-7.
Leslie K, Crankshaw DP: Potency of propofol for loss of consciousness after a single
dose. Br J Anaesth 1990; 64: 734-6.
Naguib M, Sari-Kouzel A, Seraj M, el Gammal M, Gomma M: Induction dose-responses
studies with propofol and thiopentone. Br J Anaesth 1992; 68: 308-10.
Krejcie TC, Avram MJ: What determines anesthetic induction dose? It's the front-end
kinetics, doctor! Anesth Analg 1999; 89: 541-4.
Upton RN, Ludbrook GL, Grant C, Martinez AM: Cardiac output is a determinant of
the initial concentrations of propofol after short-infusion administration. Anesth Analg
1999; 89: 545-52.
Ludbrook GL, Upton RN: Determinants of drug onset. Curr Opin.Anaesthesiol 2002;
15: 409-14.
Kuipers JA, Boer F, Olieman W, Burm AG, Bovill JG: First-pass lung uptake and
pulmonary clearance of propofol: assessment with a recirculatory indocyanine green
pharmacokinetic model. Anesthesiology 1999; 91: 1780-7.
Dawidowicz AL, Fornal E, Mardarowicz M, Fijalkowska A: The role of human lungs
in the biotransformation of propofol. Anesthesiology 2000; 93: 992-7.
He YL, Ueyama H, Tashiro C, Mashimo T, Yoshiya I: Pulmonary disposition of propofol
in surgical patients. Anesthesiology 2000; 93: 986-91.
Hiraoka H, Yamamoto K, Miyoshi S, Morita T, Nakamura K, Kadoi Y, Kunimoto F,
Horiuchi R: Kidneys contribute to the extrahepatic clearance of propofol in humans,
but not lungs and brain. Br J Clin Pharmacol 2005; 60: 176-82.
Lange H, Stephan H, Rieke H, Kellermann M, Sonntag H, Bircher J: Hepatic and
extrahepatic disposition of propofol in patients undergoing coronary bypass surgery.
Br J Anaesth 1990; 64: 563-70.
Adachi YU, Watanabe K, Higuchi H, Satoh T: The determinants of propofol induction
of anesthesia dose. Anesth Analg 2001; 92: 656-61.
Upton RN, Ludbrook GL, Grant C, Doolette DJ: The effect of altered cerebral blood
flow on the cerebral kinetics of thiopental and propofol in sheep. Anesthesiology
2000; 93: 1085-94.
Oshima T, Karasawa F, Satoh T: Effects of propofol on cerebral blood flow and the
metabolic rate of oxygen in humans. Acta Anaesthesiol Scand. 2002; 46: 831-5.
Vandesteene A, Trempont V, Engelman E, Deloof T, Focroul M, Schoutens A, de Rood
M: Effect of propofol on cerebral blood flow and metabolism in man. Anaesthesia
1988; 43 Suppl: 42-3.
Fisher DM: (Almost) everything you learned about pharmacokinetics was (somewhat)
wrong! Anesth Analg 1996; 83: 901-3.
Krejcie TC, Henthorn TK, Niemann CU, Klein C, Gupta DK, Gentry WB, Shanks CA,
Avram MJ: Recirculatory pharmacokinetic models of markers of blood, extracellular
fluid and total body water administered concomitantly. J Pharmacol Exp Ther 1996;
278: 1050-7.
Upton RN, Ludbrook G: A physiologically based, recirculatory model of the kinetics
and dynamics of propofol in man. Anesthesiology 2005; 103: 344-52.
Upton RN, Ludbrook GL: Pharmacokinetic-pharmacodynamic modelling of the
cardiovascular effects of drugs - method development and application to magnesium
in sheep. BMC.Pharmacol 2005; 5: 5.
Ludbrook GL, Upton RN: A physiological model of induction of anaesthesia with
propofol in sheep. 2. Model analysis and implications for dose requirements. Br J
Anaesth 1997; 79: 505-13.
Upton RN, Ludbrook GL: A physiological model of induction of anaesthesia with
propofol in sheep. 1. Structure and estimation of variables. Br J Anaesth 1997; 79:
497-504.
Upton RN, Ludbrook GL: A model of the kinetics and dynamics of induction of
anaesthesia in sheep: variable estimation for thiopental and comparison with propofol.
Br J Anaesth 1999; 82: 890-9.
Ludbrook GL, Upton RN: A physiological model of induction of anaesthesia with
propofol in sheep. 2. Model analysis and implications for dose requirements. Br J
Anaesth 1997; 79: 505-13.
Upton RN, Ludbrook GL, Grant C, Martinez AM: Cardiac output is a determinant of
the initial concentrations of propofol after short-infusion administration. Anesth Analg
1999; 89: 545-52.
Upton RN: The two-compartment recirculatory pharmacokinetic model--an introduction
to recirculatory pharmacokinetic concepts. Br J Anaesth 2004; 92: 475-84.
Goodman NW, Black AM: Rate of injection of propofol for induction of anesthesia.
Anesth Analg 1992; 74: 938-9.
Stokes DN, Hutton P: Rate-dependent induction phenomena with propofol: implications
for the relative potency of intravenous anesthetics. Anesth Analg 1991; 72: 578-83.
Kay B, Stephenson DK: ICI 35868 (Diprivan): a new intravenous anaesthetic. A
comparison with Althesin. Anaesthesia 1980; 35: 1182-7.
Kay B, Stephenson DK: Dose-response relationship for disoprofol (ICI 35868; Diprivan).
Comparison with methohexitone. Anaesthesia 1981; 36: 863-7.
Struys MM, De Smet T, Depoorter B, Versichelen LF, Mortier EP, Dumortier FJ, Shafer
SL, Rolly G: Comparison of plasma compartment versus two methods for effect
compartment--controlled target-controlled infusion for propofol. Anesthesiology 2000;
92: 399-406.
Baker MT, Naguib M: Propofol: the challenges of formulation. Anesthesiology 2005;
103: 860-76.
Han J, Davis SS, Washington C: Physical properties and stability of two emulsion
formulations of propofol. Int.J Pharm 2001; 215: 207-20.
Driscoll DF, Giampietro K, Wichelhaus DP, Peterss H, Nehne J, Niemann W, Bistrian
BR: Physicochemical stability assessments of lipid emulsions of varying oil composition.
Clin Nutr. 2001; 20: 151-7.
Ward DS, Norton JR, Guivarc'h PH, Litman RS, Bailey PL: Pharmacodynamics and
pharmacokinetics of propofol in a medium-chain triglyceride emulsion. Anesthesiology
2002; 97: 1401-8.
Herman CJ, Groves MJ: The influence of free fatty acid formation on the pH of
phospholipid-stabilized triglyceride emulsions. Pharm Res. 1993; 10: 774-6.
Lilley EM, Isert PR, Carasso ML, Kennedy RA: The effect of the addition of lignocaine
on propofol emulsion stability. Anaesthesia 1996; 51: 815-8.
Masaki Y, Tanaka M, Nishikawa T: Physicochemical compatibility of propofol-lidocaine
mixture. Anesth Analg 2003; 97: 1646-51.
Park JW, Park ES, Chi SC, Kil HY, Lee KH: The effect of lidocaine on the globule size
distribution of propofol emulsions. Anesth Analg 2003; 97: 769-71.

29 ■

