Anaesthesia, 1998, §3, pages 468-476

REVIEW ARTICLE
Pain on injection of propofol

C. H. Tan and M. K. Onsiong

Department of Anaesthesia, Pamela Youde Nethersole Eastern Hospital, 3 Lok Man Road, Chai Wan, Hong Kong,

People’s Republic of China

Summary

Pain on injection of propofol is a common problem, the cause of which remains unknown. The

chemical properties and preparation of propofol, proposed mechanisms for the cause of the pain

and clinical strategies to prevent pain on injection of propofol are reviewed in the hope of

shedding some light on the subject.
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Propofol (Diprivan, di-isopropylphenol) is a popular intra-
venous amaesthede induction agent, especially for brief
cases, day surgery or when a laryngeal mask airway is 1o be
used. Propofol can also be vsed i a rowl intravenous
(TIVA) technique for the maintenance of

anaesthesia and sedation.

anaesthesia
It has also been used for the
prevention of emesis |1}, tracheal intubation without
neuromuscular blocking drugs |2] and the treatment of
pruritus |3, 4].

Pain on injection with propofol 1s a common problem
and can be very distressing to the patient. The incidence of
pain varies between 28% and 90% in adults during induc-
ton of anaesthesia and may be severe 15, 6. In children,
(G Jl)d 8%“0 {ﬂ, 8}
The younger the child, the higher is [he ncrdence and
“his could be due
Thare 18 no gender

the incidence of pain varies between 28%

severity of propofol mjection pain |9},
to the smaller veins in children.
difference in the incidence of propofol injection pain.
Propofol has a high incidence of pain on injection when
compared to other intravenous anaesthetic agents. The
incidence of pain on induction with thiopentone is about
7% 5], whereas with methohexitone it varies between
12% and 64% [10

propylene glycol (Valiumy has an incidence of pain on

11, Diazepam n the organic solvent

mnjection of 37% but this becomes 0% when djazepmn 18

reformulated in soya bean oil (Diazemuls) 1 0} 1 1in on
injection is infrequent with midazolam at 1% [10]. T
merdence of pain after etomidate administration varies

between 24% and 68% |12, 13].
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This article reviews the chemical properties and prepara-
tions of propofol, the postulated mechanisms for causing
injection pain and methods that have been investigated o

minimuse the incidence of pamn.

Chemical properties and preparation of
propofol

Propofol is a hindered phenol that is chemically dissimilar
fe has a
molecular weight of 178 Da and s a colourless liquid a

to any other compounds wed in anaesthesia.

room temperature. The compound absorbs light in the
ultraviolet
{)\nmx -

ton wavelength of 276 nm.

range  of the electromagnetic spectrum

275 nm) and Huoresces at 310 nm with an excita-
Fluorescence detection with
high-performance hqud chromatography forms the basis
of the blood concentration assay technique.

Propofol was initally formulated as a 2% soludon in
16% polyethylated castor oif (Cremophor EL) and 8%
ethanol because of its low aqueous solubility and then as a
1% solution in 16% Cremophor EL. However, it was
reformulated in a sovabean emulsion because of concerns
over the high incidence of imjection pain with this pre-
paration and in order to avoid Cremophor-related reac-
tions {14]. The currenty available preparationis a 1% w/v
aqueous emulsion containing 10% w/v sova bean oil (as a
solubilising agent), 1.2% w/v egg phosphatide (as an
emulsifying agent) and 2.25% w/v glycerol {to make the
preparation isotonic), sealed under nitrogen. The pH is
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685 and the pKa of the drug in water is 11. The
preparation is compatible with injection into fast running
infusions of 5% dextrose, 4% dextrose/0.18% sodium
chloride and 0.9% sodium chloride. Tt should be stored
below 25 °C to prevent degradation.

Mechanisms of pain on injection of propofol

Many factors appear o affect the incidence of pain on
propofol mjection. These include the site of injection, size
of vein, speed of injection, propofol concentration in the
agueous phasc and the buffering effect of blood. These
factors will be discussed in this section. Other important
factors include the speed of intravenous carrier fluid, the
temperature of propofol, syringe material and the con-
comitant use of drugs such as Jocal anaesthetics and opiates,
These factors will be discussed later in the review.

Pain on injection of propofol can be immediate or
delayed. Immediate pain probably results from a direct
irritant effect whereas delayed pain probably results from
an indirect effect via the kimn cascade. Delayed pain has
a latency of between 10 and 205 [15}. The cause of pain
on propofol injection is obscure and there are several
proposed mechanisms. Klement and Arnde [16] postulated
that pain on injection of some of the anaesthetic agents is
evoked via a direct effect by the unphysiclogical osmolality
or pH of their formukons. They found that pain occurred
at t0osmolkg™ during infusion and 3.0o0smolkg™
during rapid injection. Acidic and atkaline solutions evoke
pain at pH values less than 4 and more than 11, respectively.
They also found that the pain latency decreased with
alkalinity. Both the
osmolar concentration and pH of the soluttons brought

increasing osmolality, acidity and

mto contact with the mtima of a superficial hand vein were

factors determining the production of pain. The degree of

pain also depended upon the volume injected and the flow
of blood through the vein. They also suggested that the
painful sensation from veins probably originates from
neural elements within the vein walls, possibly from free
afferent nerve endings between the media and intima. The
pain-conducting axons probably belong to the myelinated
A delta group [17]. Examples of intravenous drugs with a
high osmolality include diazepam (7.8 osrnoLkg“) and
ctomidate (5.0 osmolkg™') 18]
these drugs is therefore likely to be due to the extreme
osmolalities of their conventional formulations. Consistent
with this view, the incidence of pain on injection was
reduced to less than 1% with new formulations of diaze-
pam and etomidate [19-21] that have osmolalities near
that of blood. However, propofol is almost isotonic, is
nonhyperosmolar and has a pH between 6 and 8.5. This
theory cannot therefore account for the pain produced by
the injection of propofol.
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Scott et al. [22] pointed out that certain factors are
important in the causation of pain on injection of propo-
fol. Vein size is important as they noted that there was
no pain when propofol was injected into a large vein in
the antecubital fossa. This is presumably because the drug
is injected into the midstream of blood flow in the
lumen of the vein and its contact at high concentration
with the sensitive wall will therefore be minimal. More-
over, the drug may also be effectively buffered by blood
with which 1t can mix freely Another factor that is
important is the duration of exposure of the vein wall 1o
the propofol injection. They noticed that a slow injection
of propofol caused more pain than a rapid bolus. Perhaps a
rapid bolus of the drug is quickly cleared from the vein and
is replaced with blood. They also observed that there wasa
species variaton in propofol injection pain. They sug-
gested that the pain is ikely to be an indirect irritant effect
via the release of mediators rather than a direct irritant
effect. Furthermore, when the active component of the
propofol emulsion comes into contact with vascular
endotheliun, it causes release of mediators such as kinina-
gen from the kinin cascade and results in the sumulation of
pain. This causes a slightly delayed sensation of pain
compared to the immediate sensation of pain that resules
from a direct effect.
Klement and Arnde |2
refated to the concentration of propofol in the aqueous

3} suggested that the pain is

phase and 1s not due o the formulation, as propofol has an
almost physiological osmolality and pH (0.303 osmolkg ™ ';
pH 8.0}, They showed that pain intensity increased with
the increased concentration of propofol and, at a given
concentration, was always greater with glucose than with
ntralipid as the difuent. By reducing the propofol con-
centration in the aqueous phase with intralipid, pain on
injection was reduced. Doenicke er al. |24] hypothesised
that propofol concentration in the aqueous phase may be
an important vartable for pain associated with propofol
injection. They noticed that resules of in vitro investigations
show that the propofol concentration in the ;1qucnus phase
of Diprivan is relatively high (1857 pg.ml ™), which indi-
cates that the active component is not completely dissolved
in the lipid vehicle. In the propofol emulsion preparation,
I be distribured differently between the two
phases, with an outer aqueous phase and an inner lipid
phase. In a bolus injection, only the outer aqueous phase

comes into contact with the intima of the vein. The

the drug will

concentration of an irritating agent in the aqueous phase
nmay be the factor causing venous pain on administration,
Propofol, like all phenols, irritates the skin and mucous
membranes. Thus, bolus injection of propofol prepara-
tions can be expected to cause pain. They went on to show
hat by increasing the lipid content of the propofol and

thereby decreasing the concentration of propofol in the
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aqueous phase, the mcidence of pamn associated with
propofol injection could be reduced.

Clinical strategies for the prevention of
propofol injection pain

Based on the proposed mechanisms and factors associated
with propofol injection pain, several methods for the
prevention of pain have been tried with varying degrees
of success. Published studies have produced differing results,
in-part because-of different-methodologies.

The methods which have been investigated so far
include: site of injection, use of aspirin and other non-

steroidal anti-inflammatory drugs, premedication. speed of

injection, speed of carrier intravenous fluid,
local anaesthetics, dilution of propofol, different tempera-
tures, opiates, metoclopramide, glyceryl trinitrate, thio-
pentone, ketamine, different syringe material and the
aspiration of blood.

Site of injection

With the Cremophor EL preparation, there was a marked
association between the site of injection and the incidence
of pain on injection. Briggs er al. [15] reported a 39%
incidence when it was injected into the dorsum of the
hand compared with a 3% incidence in the forearm or
antecubital fossa, While the pain is less with the emulsion

preparation, the relationship between pain and the site of

injection still applies. Briggs and White [25] reported that
pain on injection was rare in the antecubital fossa but wasa
frequent occurrence (30%) in the dorsum of the hand.
McCulloch and Lees [26] produced similar results: the
incidence of pain was 37.5% using dorsal hand veins
compared to 2.5% when a forearm vein was used. Scott
et al. |22] pointed out that using a vein in the antecubital
fossa for the administration of propofol was the only
approach that caused no pain. Hannallah er al. [27] also
showed a low incidence of propofol njection pain mn
children when using the antecubital veins. The proposed
reason for this observation 15 that the antecubital veins are
larger and contact between drug and endothehum i

reduced, as the drug tends to stay in the midstream of

the blood flow 1n a large vein,

Aspirin and other nonsteroidal anti-inflammatory
drugs

Studies on the use of nonopioid analgesics to decrease pain
on injection have been performed. Bahar er al. [28] showed
that pretreatment with

acetyl saheylic aad Tg given

intravenously 13 min before propofol injecton agnifi-
cantly reduced the incdence of severe pain from 70% to
20% but did not reduce the overall incidence of pain.
Smith and Power [29] found a similar incidence of pain in
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a group of patients given an mtravenous injection of
ketorolac 10 mg immediately before intravenous injection
of propofol and in a control group not given ketorolac.
They suggested that this was because either ketorolac does
not block local vascular endothelial prostaglindin synth-
esis, because prostaglanding are not important in the
pathogenesis of the pain or because a longer time is
required for an effect to be produced.

Premedication

Nicol et al. |30} reported that the use of oral premedica-
ton made no difference to the incidence of propofol
injection pain. However, Briggs and White |25, using
pethidine and atropine as premedication, found that
although the incidence of painful injection with propofol
was not reduced, the severity of pain was less. Fragen er al.
{31} found that premedicanon wid an opiate and a
sedative reduced the incidence of injection pain. This
may be due to the additive cffect of both drugs on

mcreasing the pain threshold.

Speed of injection and speed of infusion of carrier
intravenous fluid

At a slow rate of propofol injection, the contact between
the endothelium and the active component of propofol is
more prolonged. This results in mediator release, while a
high rate of injection allows the propofol to be cleared
from the vein and replaced with blood. This suggestion
was put forward by Scott ef al. [22], who found that
decreasing the speed of propofol injection caused
greatest discomfort.

When the speed of carrier intravenous fluid infusion is
slow, fewer kininogen molecules may be produced as a
result of the smaller contact area between the propofol and
the endothelium of the vein, due to the smaller volume
In addition to this,
propofol may be buffered by the dilutional effect of
venous blood. However, when the speed of infusion of

of carrier intravenous fluid given.

the carrier intravenous fluid is fast, the dilutional effect
of venous blood will be decreased by the large amount
of intravenous fluid injected and the propofol is therefore
diluted mostly by the aqueous solution. The intensity of
pain associated with propofol will therefore be increased,
as there is an increase in propofol concentration in the
aqueous phase. These findings were reported by Huang
et al. 32,

Lignocaine

The use of lignocaine to prevent propofol mjection pain
is the most extensively studied technique and is the
commonest method used in clinical practice. Many studies
have shown the use of lignocaine to be effective. The

manufacturer of propofol now recommends this approach.
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Two methods have been studied: pretreatment with
lignocaine and mixing it with the propofol.

Lignocaine pretreatment
The use of lignocaine as a pretreatment to decrease
propofol injection pain is based on its presumed local
anaesthetic effect on the vein. Due to the different
methodologies used in the studies, different reductions
in the incidence of pain associated with propofol injection
have been reported. McCulloch and Lees |26] showed that
theadministration of lignocaine 10 mg immediately before
propofol injection reduces the incidence of pain from
37.5% o 17.5% when using the veins in the back of the
hand. This result was not statistically significant. However,
Ganta and Fee [33] reported that the incidence of pain
using lignocaine 10mg inunediately before propofol
injection was significantly reduced from 49.4% to 21.1%.
The difference between the two studies could be due to
the premedication used and the different speeds of propo-
fol injection. McCulloch and Lees did not use premedica-
tion and administered propofol over 205, whereas Ganta
and Fee wed diazepam 10myg as premedication and
administered the propofol over 30-40s. Lyons er al. [34]
reported that pretreatment with lignocaine 10mg 105
before propofol injection could significantly reduce the
incidence of injection pain from 64% t 44%. Nicol ¢ al.
[30] reported that lignocaine 10mg 155 before propofol
administration into veins in the b&(k of the hand could
significantly reduce the incidence of pain from 51%
35%. Mangar and Holk [6] found that administering
lignocaine 100mg 1 min before propofol injection
reduced the severity but not the incidence of pain, whereas
lignocaine 100 mg admimstered after an arm tourniquet
was inflated to 50 mmHg for Tmin (3 modified Bier’s
block) virtuall
mjection. Ewart and Whitwam |35

y abolished the pain associated with propofol
| found that the nci-
dence of pain increased with an increased time interval
between the injection of the two drugs. Lignocaine 20 mg
was injected into a dorsal hand vein with a tourniquet
placed on the proximal part of the forearm in order to
produce a ‘mint-Bier block”. The tourniquet was released
after varying tme intervals and propofol was then injected.
Pain was significantly reduced in the groups given ligno-
caine 10 or 30s before propofol. Their study showed that
lignocame was effective at reducing pain when given
before propofol.

Lignocaine mixed with propofol

The rationale behind the use of lignocaine mixed with
propofol is based on the premise that lignocaine may act as
a stabiliser for the kinin cascade, as proposed by Scott er al.
[22]. Recently, another mechanism was proposed by

Eriksson er al. |36]. They showed that lignocaine mixed
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with propofol decreased its pH, resulting in a lower
concentration of propofol in the aqueous phase and there-
fore less pain. Several studies using different doses of
lignocaine have shown that the technique i effective in
decreasing the incidence of pain associated with propofol
injection. Brooker er al. [37] found that lignocaine 7.5 mg
mixed with propofol
ated with
to 7%. However, this was only a pilot study and there was

142.5 mg before injection was associ-
a decrease in the incidence of pain from 57%

no randomisation, variable premedication and the admin-
istration-of different-opiate-drugs before propofol injec:
tion. Helbo-Hansen er al. [38], in their double-blind
randomised trial, found that the addition of lignocaine
10 mg to propofol 190 mg could significantly reduce the
incidence of pain from 32.5% to 5%. The severity of pain
was also reduced.

Similar results have been found in other double-blind
randomised studies. Newcombe [39] reported that mixing
lignocame 10 mg with propofol could significantly reduce
the severity and incidence (from 86.9% to 48.9%) of pro-
pofol injection pain. Nathanson er al. |40} also reported
that the incidence of propofol injection pain could be
reduced significantly from 67% to 13% using lignocaine
40mg
[41], in their study on different doses of lignocaine mixed

mixed with propofol before injection. King et al,

with propofol, found that lignocaine 20 mg significantly
reduced the incidence of injection pain from 73% to 32%,
There was an inverse relationship between the amount of
lignocaine used and the incidence of pain.

Similar results have been obrained in children. Valtonen
et al. |8 found that lignocaine 10 mg mixed with propofol
2.0-25mgkg
pain caused by propofol as compared to a control group
(from 85% to 20%). Hiller and Saarnivaara [42] found that
mixing lignocaine

significantly decreased the incidence of

t0mg with propofol significantly
reduced the nadence (from 40% to 4%) of injection
pain i children when compared to pretreatment with
alfentanil 10 pg kg™

The efficacy of lignocaine mixed with propofol may
be weight-related. Gehan e al. |43] showed that the
optimum dose for preventing propofol injection pain
was 0.1 mgke ™" in adults and that there was no improve-
ment when the dose was increased above this. Tham and
Khoo [44] found that the optimum minimum dose
required for the effecuve reduction of propofol injection
pain was a propofol emulsion containing 0.05% ligno-
caine. Gajraj and Nathanson [45] reported that the opti-
mum lignocaine dose mixed with propofol 160mg in
adult females was 30 mg. However, the optimum dose of
lignocame needed to prevent propofol injection pam
appears to be higher in children. Cameron er al. [9), in
their study on the minimum effective dose of lignocaine to
prevent propofol injection pain in children, found that
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. - IR
0.2mgkg™ was needed. This is twice the adult value and
may be related to the higher volumes of distribution in

children compared to adults.

Lignocaine — comparisons between pretreatment and mixing
Studies have been performed to compare the effectiveness
of lignocaine pretreatment and lignocaine mixed with
propofol. Scott et al. {22} found that lignocaine mixed
with propofol was more effective than pretreatment with
lignocaine in decreasing propofol injection pain. They
reported-a-significant-decrease-in-the-incidence-of -pain
from 46.7% to 13.5% by muxing lignocaine 10 mg with
propofo as compared to pretreatment with lignocaine
10mg 30s before propofol injection (from 46.7% to
F0%%). Hoxuver, there was no mention of observer blind-
ing. Scott proposed that lignocaine may act as a stabiliser
for the kinmn cascade when mixed with propofol whereas
lignocaine mjected before propofol may be washed away
in the blood before the arrival of the propofol bolus,
making less lignocaine available. Johnson er al. 146} found
no significant difference between a group of patients that
received lignocaine pretreatment and a group that received
propofol mixed with lignocaine. Pain was significandy
reduced in all groups in which lignocaine was used and a
40 myg dose was more effective than 20 mg. A factor which
may have given rise to this result is that venous occlusion
was used before injection in the pretreatment group. This
may have enhanced the local anmaesthetic effect.

Procaine

Nicol er al. |30} found that procaine was comparable to
lignocaine in significanty reducing propotol injection pain
from 51% to 34% when procaine 10mg was injected 155
betore propofol.

Prilocaine

Eriksson {47] found that prilocaine mixed wich propofol
was comparable  lignocaine in significantly reducing the
incidence of pain caused by propofol injection,

Eutectic mixture of local anaesthetics (EMLA)
Valtonen er al. |7} found that the use of topical EMLA
cream in children did not significantly reduce pain on
injection with propofol.

Dilution

Dilution of propofol with either glucose or mtralipid
decreases the concentration of propofol, which results in
a decrease in the incidence of pain. This is based on the
findings by Stokes er al. {48], Klement and Arndt |23] and
Doenicke er al. |24]. They proposed that pain associated
with propofol injecton is directly related to propofol
concentration in the free aqueous phase. Stokes ef al.
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{48} found that diludon of propofol with 5% dexirose
was able to reduce significantly the incidence of severe

pain from 32% to 10%

and all pain from 50% to 2
Klement and Arnde {23] reported that the dilution of pro-
pofol with 10% intralipid was more effective than dilution
with 5% glucose in decreasing propofol injection pain,
while Doenicke et al. [24] showed that propofol injection
pain could be reduced further when a higher concentra-
tion of fat emulsion was used in the propofol formulation.

Temperature

McCrirrick and Hunter [49] studied the effect of injectate
temperature on propofol injection pain. They found that
when giving propofol at 4°C, the inadence of injection
pain could be significantly reduced from 46% to 23%. The
efticacy of propofol was not affected. They postulated that
a temperature of 4°C might decrease the speed of the
kinin cascade. Cold saline was used by Barker o al. |50] 1o
decrease the incidence of propofol injection pain. They
found that pretreatment with 0.9% saline 10ml at 4°C
before propofol injection was comparable to cold propofol
(4°C) and room temperature propofol mixed with 0.05%
lignocaine in significantly reducing the incidence of pro-
pofol injection pain. There was no significant difference
berween the treatment groups.

Fletcher e al. |51} found that warming propofol to
37°C significanty decreased the incidence of propofol
injection  pain from 59% to 22%. They suggested
two mechanisms: that the temperature may have affected
mediator release and that the high temperature may affect
the parttion coethicient and therefore the concentration of
propofol i the aqueous phase. However, extreme care 1s
needed to avoid contamination of the propofol with water
from the water bath used to warm the injection. Bennett
et al. 152] have recentdy reported an analysis of multiple
outbreaks of postoperative mfection related to the use of
extrinsically contaminated propofol.

Alfentanil and fentanyl

The use of opioids, especially short-acting drugs such as
alfentanil and fenunyl, was observed to decrease the
incidence of pain on njection of propofol. Several studies
have confirmed these observations. Helmers er al. [53]
found that using alfentanil 0.5 mg as a pretreatment before
propofol injection was effective in significantly reducing
the incidence of propofol injection pain from 40% to 16%,
while studies by Fletcher ef al. |54] and Nathanson ef al.
{40} showed that pretreatment with alfentani] t mg 15 and
30's before propofol injection in adults could significanty
reduce propofol injection pain from 84% to 36% and 67%
to 24%, respecuvely. Hiller and Saarnivaara [42] found that
the optimum dosage of alfentanil in children to reduce
propofol injection pain was 15 pg kg™

© 1998 Blackwell Science Lid

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




