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ABSTRACT

ISSN: 2640-5628

Background: This study compared the properties of propofol bolus for induction of general anaesthesia between proprietary and 3 generic formulations,
to assess if solvent differences had clinically relevant consequences on efficacy or side effects. Many studies have investigated different formulations of
propofol for side effects, in this study we also focused on efficacy of different formulations for induction of general anesthesia.

Methods: 146 patients scheduled for general anaesthesia received for induction one of the propofol formulations available in our country i.e. 35 had
Propofol® Fresenius, 33 Propofol Dakota Pharm®, 40 Propofol Lipuro®, 38 Diprivan® injected in a peripheral venous catheter, and preceded by sufentanil 0.2
ug.kg'. Airway control was based on intubation (n = 90, facilitated by atracurium), or laryngeal mask (n = 56).

Efficacy was assessed by induction dose, ease of face mask ventilation and airway device insertion. Pain on injection, rash, or myoclonies were

recorded as side effects.

Propofol formulations were compared by Anova or Chi 2 test.

Results: Expected hypnotic effects propofol injection were similar in the 4 groups, satisfying and consistent with previous publications.

Pain on injection was present in 55% of patients (n = 81), mild in 36% (n = 54), and severe in 18% (n = 27). Myoclonies occurred in 4% of patients (n =
7) and local rash in 6% of patients (n = 10). Differences between formulations did not reach statistical significance.

Conclusion: The propofol formulations tested appeared similar on efficacy, with minor differences regarding side effects. No formulation could suppress
totally pain on injection and associated treatment as lidocaine should be widely used.

Keywords: Pain with propofol; Pain on propofol injection; Propofol adverse effects

INTRODUCTION

Propofol (2.6 di-iso-propyl-phenol), lipid-soluble,
barbiturate intravenous hypnotic drug available since 1986, is the first
IV anesthetics used in the world for induction of general anaesthesia
with a recommended ED,, of 2.5 mg.kg" [1]. It is well tolerated but
may show minor side effects as pain on injection, rash or myoclonies

[1].

non-

At the time of the study several generic propofol formulations
were available in our country, combined or not with antibacterial
preservatives, according to each country regulatory requirements.

Four propofol formulations, all preservative-free, were available:
Diprivan’ (Astra Zeneca) and 3 generic propofol. They are assumed
to be bioequivalent in efficacy but may differ regarding side effects
due to specific solvent composition and chemical properties. Thus,
the choice of a formulation based on cost considerations is ethically
acceptable only when products are equally efficient and their side
effects such as Pain on Injection (POPI) could be considered as
clinically minor or similar between formulations.

Whereas Diprivan’ and Propofol Lipuro” have been extensively
compared, few clinical data are available comparing at least 3
formulations [2].

The aim of this study was to describe simultaneously efficacy
features and immediate side effects of the propofol formulations
available at the time of the study in France, given as a slow IV bolus
for induction of general anaesthesia.

METHODS

The study was approved by our local Institutional Review Board at
Gustave Roussy Institute. Since all study medications were available
in France and no change of practice was done, written informed
consent was waived as there was no element opposing any ethical
considerations and the rights of patients were respected according
to Helsinki convention. Patients undergoing scheduled surgery
under general anaesthesia, having no expected difficult intubation,
no need for a rapid sequence induction technique (full stomach,
gastro-oesophageal reflux, morbidly obese...) and no central venous
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catheter were prospectively included. After informed consent patients
received randomly for induction one of the 4 preservative-free
propofol 1% formulations available at the time of the study in France:
Propofol Fresenius (Fresenius Kabi), Propofol Dakota Pharm’
(Dakota Pharm), Propofol Lipuro” (B. Braun Medical) or Diprivan’
(Astra-Zeneca). The anaesthesiologists in charge and the patient were
blinded to the formulation chosen which was prepared by another
nurse anaesthetist. All patients were pre-medicated with hydroxyzine
(1-1.5 mg.kg" 2 hours before induction). In the operating room, a
peripheral venous catheter 18 or 20G was inserted on the dorsum of
the hand or forearm. Monitoring of electrocardiogram, non-invasive
blood pressure and pulse oximetry were installed using Datex
Ohmeda’ anesthesia machine.

Patients received an intravenous bolus of sufentanil (0.2 pug.kg?').
Then, after 3 minutes, propofol 1% was manually injected at the rate
of 5 mg.sec (0.5 ml every sec) until loss of eyelash reflex and easy face
mask ventilation. When surgery required or otracheal intubation,
it was performed 3 minutes after a bolus of atracurium 0.5 mg.kg™
given intravenously after loss of consciousness. Otherwise, airway
was controlled by a Laryngeal Mask (LMA).

Efficacy of the propofol bolus was assessed by:

- the onset time and propofol dose required for Loss of Eyelash
Reflex (L.E.R.)

- jaw relaxation after loss of consciousness (good or poor)

- face mask ventilation (easy or difficult) and motor response
to mandibular luxation

- laryngeal mask insertion conditions (easy, difficult or failed,
cough or not).

When orotracheal intubation was performed, intubation
conditions were not analysed since all patients had received a non-
depolarizing neuromuscular blocking drug, which is known to be the
main factor influencing intubation conditions.

Side effects of the propofol bolus were expressed using the
following items:

- Pain on injection, elicited with questioning and scored as
none, mild or severe.
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- Other side effects as rash along the injected vein or myoclonies
were recorded

- In the recovery room, patients were asked if they had any
remembering of pain during injection by a nurse blinded to
the induction events.

Results are expressed as mean + standard deviation (for
demographics, doses and delays) and number of patients (for
incidence of events). Statistical analysis compared efficacy and side
effects between propofol formulations using a Chi-2 test for binary
variables and ANOV A for quantitative variables. A threshold p < 0.05
was considered statistically significant.

RESULTS

Over a 2 months period, from January to March 2010, 146 patients
were included in this study and received randomly either Propofol
Fresenius (n = 35), Propofol Dakota Pharm™ (n = 33), Propofol
Lipuro’ (n = 40) or Diprivan’ (n = 38). There was no difference
between groups regarding weight, height, age, gender and number of
patients intubated vs. LMA (Table 1).

Efficacy

In all patients, unconsciousness was achieved and face mask
ventilation was possible, although it was judged as “uneasy” in 11
patients, with a poor jaw relaxation in 10 patients, and 26 patients
had a transient motor response to mandibular luxation. No difference
related to the propofol formulation could be demonstrated neither
in induction dose, induction time, and face mask ventilation nor in
LMA insertion conditions (table 2).

Side effects

Eighty one patients (55%) complained of pain on injection, mild
for 54 of them (37%) and severe for the 27 others (18%), without
reaching statistically significant difference between the 4 groups
(table 3).

Among the 81 patients who signalled pain during induction,
only half of them remembered it after recovery, similarly for all
formulations. Among the 65 patients who did not complain during
induction, 4 of them answered after recovery that they did remember
some pain related to propofol injection, 2 having received propofol
Lipuro’ and 2 after Diprivan'.

A forearm rash was observed in 10 patients (7%) and myoclonies
in 7 patients (5%) without any statistically significant difference
related to the propofol formulation (table 3). No clinically relevant
consequence of these side effects was observed.

Table 1: Patient’s description. Results are expressed as Mean + SD or number
of patients. None of the items displayed differed significantly between propofol
for mulation.
Dak B.Bi
Propofol formulation Fresenius akota rfaun AstraZeneca
Pharm Medical
Number of patients 35 33 40 38
Weight (kg) 64 + 14 65+ 14 69 + 12 68 + 14
Height (cm) 164 +9 166 £ 9 164 +7 164 +8
Age (yr) 54 + 14 51+15 54 + 14 55+ 12
Sex (F/ M) 28/7 2419 35/5 32/6
Airway control 14 9 20 13
Laryngeal mask
Intubation 21 24 20 25
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Table 2: Efficacy of propofol formulations given at a rate of 5 mg.sec™' for
induction. Results are expressed as Mean + SD or number of patients. None of
the items displayed differed significantly between propofol formulations.
Propofol formulation | Fresenius [;:::: 7/:(;1:7 AstraZeneca
Number of patients 35 33 40 38
Doseto L.E.R.(mgkg') | 26+0.8 25+07 24+04 25+0.7
Onset time to L.E.R. (min.) | 1.2+0.9 | 1.0£03 0904 1.1+05
Poor jaws relaxation (n =) 4 2 0 4
e e
Response.to mandibular 7 9 5 5
luxation (n =)
Laryngeal mask insertion
Number of patients 14 9 20 13
Delay from induction (min.)| 25+1.3 H 3.3+1.3  1.9+0.6 23+11
Insertion difficult (n =) 4 2 2 1
Cough after inserting (n =) 3 0 1 0
L.E.R: Loss of Eyelash Reflex.

DISCUSSION

Since the release of Diprivan’ almost 35 years ago, propofol has
become the most commonly used drug of choice for anaesthesia
induction, maintenance and sedation in ICU patients.

Because it is not water soluble, propofol must be prepared in
fat emulsions. Diprivan” uses a 10% soybean oil-based emulsion
composed of long-chain triglycerides. Generic formulations, have
slightly modified solvent composition. Propofol Lipuro™ is diluted
in a mixture (1:1) of medium and long-chain triglycerides whereas
Fresenius and Dakota Pharm formulations contained only long chain
triglycerides but had a slightly different 10% soybean oil composition
to reinforce emulsion stability.

However, modifying the solvent may impair physico-
chemical properties and theoretically influence pharmacokinetic,

pharmacodynamics or side effects of the formulation.

First, it may increase the free propofol content in the emulsion
[3,4], which may increase propofol diffusion to the lungs and decrease
peak plasma concentration as observed in rats [5]. It may also delay
the transfer to the CNS, and modify pharmacodynamic properties as
induction dose, onset or EEG effects [6].

Such influence was not observed in our study neither on induction
doses nor on onset times or ease of airway management. It was not
observed either in clinical studies comparing pharmacokinetics or
pharmacodynamics of various propofol formulations [6-13].

These results suggest that the difference in free propofol
concentration between formulations was not big enough (free
propofol 14 pg.ml" in Propofol Lipuro” vs. 19.76 pg/mL in Diprivan
or 19.42 ugmL" in Propofol Fresenius [14] to have a clinically
relevant effect on propofol pharmacokinetics or dynamics, which is
an expected result from a generic formulation of a drug. However,
kinetics and dynamics of formulations should be re-examined for
long duration infusion where distribution phenomenon achieved
steady state.

The second issue raised by changing the solvent composition is
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the incidence of side effects as pain on injection. Pain on injection
is indeed a critical issue during propofol induction, it has been
extensively studied with at least 177 trials that randomised more than
25000 adults [15], since it has been observed in 20 to 70 % of the
patients [16,17], and has been qualified as severe in 10 to 33% [7,18].

It can be reduced by a third to a half when using a LCT/MCT
solvent [7,18]. The main mechanism incriminated is again the free
propofol content or slow rate of injection [19]. The high incidence of
pain observed with Propofol Lipuro’ 2% (same medium-long chain
triglyceride but more free propofol than Propofol Lipuro 1%) [8]
with ampophol (half soybean concentration vs. Diprivan’) [11] or
with AM149 (no soy bean, pure medium chain triglycerides mixture
but high free propofol content) [16], supports this hypothesis.

Our results were in a similar range than published studies (severe
pain in 32 % of the patients with Diprivan, 15% with Fresenius,
17% with Dakota Pharm, and 10 % with Propofol Lipuro’) but
failed to demonstrate a statistically significant difference between
formulations. This lack of statistical significance may be due to
the number of groups compared (4 groups) which decreased the
statistical power of the study. But it can also suggest that no propofol
formulation could completely suppress pain on injection and that
other mean to prevent pain should be recommended anyway.

Many recipes have been proposed for this purpose, as cooling,

Table 3: Side effects of a slow propofol bolus (5 mg.sec™) expressed by the
number of patients having complained of pain on injection, or having shown
local rash or myoclonies. None of the items differed significantly between
propofol formulations.
Astra-
Propofol formulation Fresenius [Dakota  Lipuro stra
Zeneca
Number of patients 35 33 40 38
Pain on injection
No 17 10 21 17
Mild 12 18 15 9
Intense 6 5 4 12
Myoclonies 2 1 3 1
Forearm rash 5 3 2 0
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filtering or diluting propofol, adding magnesium (which induced
pain by itselfl), ephedrine, metoprolol, butorphanol, ketamine,
thiopentone or gabapentin [19-22].

The most efficient and simple technique to decrease pain on
propofol injection is probably intravenous lidocaine (20 to 40
mg), when administered 30 to 120 sec prior to propofol with a
tourniquet [21]. Lidocaine mixed in the propofol has also been
proposed [4,23-29] and may be more efficient than an IV. bolus
given before propofol [30]. In this case, propofol-lidocaine mixture
should imperatively be prepared immediately before use to avoid
both emulsion destabilization developing over time [31,32] and
bacterial growth [33]. Currently data from RCTs confirm that both
lidocaine admixture and pre-treatment are effective in reducing pain
on propofol injection and there were no significant differences of
effect between the two techniques [20,34] In another recent study
Granisetron as pretreatment has been found to be more efficient than
lidocaine [35]. Intravenous opioids may also reduce the incidence of
pain [21,27], but failed to suppress it totally, as observed in our study
where patients had received sufentanil..

Out of pain on injection [36] which might not be considered as
important by patients themselves [37] other side effects are rarely
mentioned in literature. Local erythema was noted by Paul M et al.
with AM149 (no soybean oil, MCT), but not with diprivan [16],
and no interpretation was attempted. After we have estimated their
incidence between 5 and 15 %, further studies may examine the
influence of premedication, lidocaine on myoclonies or rash [24].

We conclude that the four propofol formulations available at the
time of the study were considered as equivalent in their efficacy to
induce general anaesthesia in adults (it should be added that propofol
Dakota is no more available In France). Mild differences in side
effects do exist: pain on injection can be reduced but not suppressed
by modifying the solvent, suggesting that other means for preventing
pain (choice of a large vein, lidocaine + opioid) should always be
recommended. Other side effects as rash or myoclonies should be
further studied to be understood and prevented. The side effects
observed were not relevant criteria to choose between formulation.
This choice may therefore be supported by economic considerations.

Appendix: Details of different formulations of propofol:

Diprivan

Propofol Dakota Pharm

Propofol Fresenius Propofol Lipuro 1%

«  Soya oil (notorious effect)

. Purified Phosphatid of egg

*  Glycerol (E422)

« Disodium Edetat (E385)

¢ Sodium hydroxyde (E524)

«  Water for injectable preparations.
*  Présence of

Sodium (notorious efect)

Purified Egg lecithin
Glycerol (E422)
Oleic acid

Soya oil (notorious effect)

Sodium hydroxyde (E524)

Water for injectable preparations

Refined soya oil (notorious effect)
(100 mg)

Purified egg lecithin

Glycerol (E422)

Soya oil (notorious effect)
Glycerol (E422)
Triglycerides with medium chain

Oleic acid Egg lecithin
Sodium hydroxyde (E524) 0.06 Sodium oleate
mg max

Water for injectable preparations

Water for injectable preparations
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