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PROPOFOL INJECTION PAIN: A RANDOMISED, CONTROLLED TRIAL
COMPARING THE EFFECT OF LOCAL WARMING AND LOCAL COOLING
OF INJECTION SITE
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SUMMARY

Objective: Various drugs and techniques have been proposed in order to prevent propofol induced pain. Although warming of
propofol and local warming have been reported to be effective in reducing the pain, local cooling has not been studied yet. In this
study, we have aimed at studying the effect of local warming and cooling on the pain induced by propofol.

Method: 120 patients of ages beetween 18-65 undergoing elective surgery were included in this prospective, single-blinded study.
Patients were randomized into 3 equal groups In group I (Control), no intervention was applied, in Group Il warming at + 40°C,
in Group Il cooling at +2- 4°C was applied for 2 minutes prior to propofol administration at the site of venous access . In each
patient, propofol was injected over a period of 1 min at a dose of 2,5 mglkg. Pain scores during propofol injection was recorded
using the 5-point Verbal Rating Scale.

Results: Demographic data were comparable between groups 21 of 40 patients in the local warming group, 9 in the local
cooling group (Group IIl) and 7 in the control group (Group I) had no pain (p=0,006), (p<0,05). There was a significant difference
in the number of patients with severe pain between local warming group and control group. In local warming group none of the
patients experienced severe pain whereas in the control group, 6 patients experienced severe pain (p<0,05). The frequency of pain
(with a pain score of 1, 2, 3 and 4) at propofol injection was lower in Group Il (47.5%) compared to Group 11l (77.5%) and 1
(82.5%) (p=0.006), (p= <0,001). There was no significant difference in pain between Group I and IlI.

Conclusion: Application of local warming prior to propofol administration has decreased the pain induced by propofol effectively
whereas local cooling had no impact.
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OZET

Amag: Propofoliin enjeksiyon agrisint énlemek amaciyla ¢esitli ilaglar ve teknikler onerilmistir. Propofoliin isitilmasinin yada
lokal 1sitmanin, agriyi azaltmada etkin oldugu bildirilmis olmasina ragmen heniiz lokal sogutmanin etkisi ¢alisilmamigtir. Bu
calismada propofole bagl olusan agrida lokal isitma ve lokal sogutmanin etkisini arastirmayr amagladik.

Yontem: Bu prospektif, tek kor calismaya, 18-65 yas arasi, elektif cerrahi gecirecek 120 hasta dahil edildi. Hastalar randomize
olarak 3 esit gruba ayrildi. Grup I (Kontrol)' de; hastalara herhangi bir iglem uygulanmadi. Grup II'de; +40°C lik 1s1, Grup III’ de ise
+2-4°C"lik soguk 2 dakika boyunca ilacin uygulanacag intraketin takili oldugu ven trasesine ilag verilmeden dnce uygulandi.
Her bir hastaya propofol 2,5 mglkg dozunda ve 1 dk’dan uzun siirede enjekte edildi. Propofol enjeksiyonu esnasindaki agri skoru
5 degerli VRS (Verbal Rating Scale) skoru kullanilarak kaydedildi.

Bulgular: Demografik veriler gruplar arasinda benzerdi. Lokal 1sitma grubunda (Grup 1I) 40 hastadan 21’ inde hi¢ agri
yakinmast olmazken, lokal sogutma grubunda (Grup I11) 9, kontrol grubunda ise (Grup 1) 7 hastanmin agri yakinmast olmadi
(p=0,0006), (p<0,05). Ciddi agri yakinmast olan hasta sayisinda da lokal 1sitma grubu ile kontrol grubu arasinda anlamli farklilik
saptandi. Lokal 1sitma grubunda hicbir hasta ciddi agr tariflemezken, kontrol grubunda 6 hastamin ciddi agri yakinmas: oldu
(p<0,05). Propofol enjeksiyon agrisimin sikligi (agri skoru 1, 2, 3, 4 olan hastalar); Grup Il'de (%47.5), Grup Il (%77.5) ve
Grup I (%82.5) le karsilagtirildiginda diisiik bulundu (p= 0.006), (p= <0,001). Agri sikhigi acisindan Grup I ve Il arasinda anlamli
farklilik bulunmadi.

Sonug: Propofol enjeksiyonu dncesi lokal 1sitma uygulamasi propofole bagli agriyi etkin bir sekilde azaltirken lokal sogutmanin
hichir etkisi olmanugtir.
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INTRODUCTION

Even though propofol is frequently preferred in the
induction and maintenance of anesthesia; pain during
its injection is one of the most common side effects with
an incidence of up to 70% (1).

The cause of the propofol related injection pain is
not fully understood but the most probable mechanism
is offering that, as a response to the irritant effect of
aqueous phase propofol on the vessel endothelium,
kinins are secreted and activitation of kinin-kallikrein
system causes the release of bradykinin. As a result of the
impact of bradikinin on venous dilation and increased
permeability, propofol contacts much more with free nerve
endings, which may explain cause of the pain (2-4). In
literature, many pharmacological and non-pharmacological
methods have been applied to decrease the propofol
related injection pain. These methods include alteration of
propofol formulation (5), delivery rate (6), administration
of various medications (7-13), use of different veins (3,
14, 15), dilution of the drug (16) and alterations made in
the temperature of propofol (17-19).

The studies investigating the effect of injected
temperature on propofol injection pain show that both
cooling (4°C) and warming (37°C) of propofol
are effective in reducing propofol injection pain (17, 18,
20). Mc Crirrick and Hunter (17) observed a significant
reduction in pain, by cooling of propofol to 4 °C in their
studies and they explained this effect with the lowered
speed of kinin cascade as a response to cooling procedure.
On the other hand, Fletcher et al. (20), who obtained
similar result by heating propofol to 37 °C, suggested
two different mechanisms. The first mechanism was the
change in the release of mediators from the vessel wall and
the second was the alternation of propofol concentration
in aqueous phase as a result of heat. In the light of the
mechanisms explained above, it has been hypothesized
by these authors that externally cooling or warming of
propofol injection site may cause temperature change in
subcutaneous tissue and thus decrease the propofol
injection pain.

To the best of our knowledge, local warming has been
reported to be effective but local cooling has not been
investigated on pain induced by propofol. Therefore we
designed this study to investigate the effect of local
cooling and local warming on propofol related injection
pain by comparing them with no intervention group.

MATERIALS AND METHODS

Ethical approval for this study (Ethical Committee
No: 0430) was provided by the Local Ethical Committee
of Ankara Training and Research Hospital, Ministry of
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Health, Ankara, Turkey (Chairperson Prof. Giiler) on 24
August 2011. This prospective study was conducted in a
single-blind, randomized fashion.

After obtaining patients’ informed written consent,
120 patients were studied between age groups of 18 and
65 years old, of ASA groups I and III, and who were
scheduled for elective surgery under general anesthesia.
The exclusion criteria were having cardiac conduction
failure, having lipid metabolism disorder, receiving
antiarrhytmic or analgesic drugs, having liver or kidney
failure, being allergic to propofol and having difficulty
for intravenous (iv) cannulation.

Without any premedication, the patients were given
5 ml/kg/hour crystalloid solution, through a 20 G iv
cannula which was attached on the dorsum of the hand.
Patients in the operation room were monitored for
standard electrocardiography (ECG), blood pressure
non invasively and peripheral oxygen saturation (Drager;
Infinity delta MS13466E539D,USA). The patients were
allocated to one of the following 3 groups by simple
randomisation by using a randomisation table created by
computer software (i.e. computerised sequence generation).

1. No intervention group (Group I), (n=40) : Patients
in this group were accepted as control group and were
not subjected to any procedure.

2. Local warming group , (Group II), (n=40): Before
anesthesia induction patients were subjected to 40 °C
hot application for 2 minutes with a Bair Hugger®
warming device blowing hot air, through the vein trace
with the cannula attached to it.

3. Local cooling group (Group III), (n=40) : Before
anesthesia induction patients were subjected to +2-4 °C
cooling application through the vein trace for 2 minutes
with cold water bags kept in refrigerator.

Propofol prepared at room temperature (10 mg/ml
ampoule, Fresenius) was administered as a bolus dose
of 2,5 mg/kg to all groups within one minute. On the
15th second from the start of injection, the patients
were asked whether they suffered any pain. The verbal
responses to the question and behavioral reactions of the
patient were recorded according to the 5-point scale by
an anaesthesiologist who was blinded to group allocation
(Table I). After propofol injection, opioid and muscle
relaxant (only to the patients who would be intubated)
were given. Then the operation progressed with an
intubation or a laryngeal mask.

Statistical Analysis

The primary aim of this study was to compare the
incidence of differences in no pain or mild pain feeling
among groups. A total sample size of 114 cases (38 per
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Table 1. Pain Scoring
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Pain Score Pain Severity Patient response
0 None No pain or discomfort reported when questioned
1 Mild Pain or discomfort reported by the patient to be mild when questioned
2 Moderate Pain or discomfort reported by the patient to be moderate when questioned
3 Severe Pain or discomfort reported spontaneously by the patient stated to be severe
4 Very severe Pain or discomfort associated with a strong vocal response, hand or arm withdrawal,
facial grimacing or crying, and reported to be very severe

group) was required to detect at least a 35% incidence
difference between any of the two groups with a power
of 85% at the 5% significance level. The difference of
35% was taken from both pilot study and clinical
experience. Sample size estimation was performed by
NCSS and PASS 2000 software.

Data analysis was performed by using Statistical
Package for Social Sciences (SPSS) version 11.5 software
(SPSS Inc., Chicago, IL, United States). Shapiro-Wilk
test was used to test the normality of distribution for
continuous variables. While, the data was expressed as
mean + standard deviation, number of cases and percentages
were used for the other statistical details.

The mean differences among groups were compared
by One-Way ANOVA. Categorical data was analyzed by
Pearson Chi-square or Fisher’s exact test, where applicable.
Repeated Measures of ANOVA was applied for evaluation
of pulse rate, systolic, diastolic and mean blood pressures.

A p value less than 0.05 was considered statistically
significant, and, the Bonferroni Correction was applied
for all possible multiple comparisons controlling Type I
error.

RESULTS

Among the 127 subjects screened, 4 were excluded
from the study due to difficult venous cannulation and 3
were excluded due to analgesic medication prior to
surgery. A total of 120 patients completed the study.
The study was performed between September 1-
December 5, 2011.

Table II. Demographic Data of the Patients (number, mean + SD)

There was no statistically significant difference
between groups for age, weight or gender distribution
(p>0,05) (Table II).

The number of patients who reported no pain and
any degree of pain (pain score of 1, 2, 3 and 4) during
propofol injection is summarized in Table III. In local
warming group (Group II) 21 of 40 patients had no pain.
9 patients in the local cooling group (Group III) and 7
patients in the no intervention group (Group I) had no
pain (p=0,006), (p<0,05) as well. The frequency of pain
at propofol injection was lower in Group II (47.5%)
compared to Group III (77.5%) and 1 (82.5%) (p= 0.006),
(p=<0,001). The frequency of pain did not differ
statistically between Group I and III. In Figure 1, the
degree of pain intensity which was experienced among
three groups is shown. Although the number of patients

BGroup |
®Group Il

OGroup Il

Number of Patients

T
1 2 3 4

Pain Score

Figure 1. Distribution of pain score of 1, 2, 3 and 4 in the three
groups.

TP = <0,05; Group I vs Group IT

*P =0.006; Group II vs Group III,

Variable Grup I (n=40) Grup II (n=40) Grup III (n=40) P value
Age (years) 46,1 £ 13,0 40,0 £ 13,7 412+ 134 0,098
Sex (M/F) 16/24 20/20 19/21 0,646
Weight (kg) 74,7+ 14,2 71,9+ 13,5 70,3 £ 13,6 0,368

Table III. Frequency of no pain and pain among groups [Number of patients with no pain a pain score of 1, 2, 3, 4 (frequency %)].

Group Group I (n=40) Group II (n=40) Group III (n=40) P value
No Pain During Injection 7 (%17,5) T 21 (%52,5) *,t 9 (%22,5) * <0,001
Pain During Injection 33 (%82,5)F 19 (47,5%)*,t 31 (77,5%)* <0,001

TP =<0,001; Group I vs Group II, *P = 0.006; Group II vs Group III,
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with a pain score of "1" was higher in Group II compared
to Group I and III, in Group II none of the patients
experienced severe pain (pain score of 4) whereas in the
no intervention group 6 patients experienced severe pain
(p<0,05).

DISCUSSION

Local warming of the venous access site before
propofol injection was effective in decreasing the
frequency and intensity of pain during propofol injection.
On the contrary, we failed to show any alleviation in
propofol injection pain with local cooling when compared
to local warming and no intervention group. In this
study, the frequency of pain during propofol injection in
the no-intervention group was 82.5% followed as 47.5%
in the local warming group and 77.5% in the local
cooling group.

The pain and discomfort seen during propofol injection
is still reported in literature in 28-90% frequency (1, 2)
and it is still an important problem causing patient
discomfort. The cause of propofol injection pain is not
fully explained but the most accentuated mechanism is
the activation of kinin-kallikrein system and release of
bradykinin from the vessel wall (2, 4, 21, 22). Many
pharmacological and non-pharmacological methods were
used for prevention or reduction of pain related with
propofol injection. Even though lots of drugs were
investigated for this purpose, the most commonly used
pharmacological method is adding lidocaine to propofol
or iv lidocaine injection just before propofol injection
(23). On the other hand, non-pharmacological methods
are, injection of propofol to a larger vein, rapid injection
of propofol, administration of cold saline before propofol
injection, administration of propofol after cooling or
warming, administration of propofol after dilution,
administration of different propofol formulations or
some combined methods (23).

Administration of propofol in different temperatures
for prevention of propofol related pain is one of the
non-pharmacological methods suggested by various
researchers until today. Mc Crirrick and Hunter (17)
investigated the effect of propofol in room and cold
temperature. They reported 46% pain incidence in room
temperature and 23% pain incidence with cold temperature
for propofol. Similarly Barker et al. (18) reported that
administration of cold (4 °C) NaCl before propofol
injection for the purpose of decreasing propofol injection
pain almost revealed the same effect with cold (4 °C)
propofol and propofol combined with 0,05% lidocaine.
In another study covering children age group, Pickford et
al. (24) reported a lower pain incidence with cold propofol
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when compared to propofol in room temperature (29%
vs 14%), which was not statistically significant. These
studies, which show the effect of cold on decreasing
propofol injection pain, the probable mechanism is
suggested to be the delay of biochemical reactions like
kinin release from the vessel wall with the effect of low
temperature.

On the contrary, some studies do not support the
beneficial effects of cold propofol. Parmar and Koray
(25), concluded that cold propofol causes pain in higher
incidence and intensity when compared to propofol at
room temperature and propofol added lidocaine in
different concentrations. Also, Shimizu et al. (26) reported
that, cold propofol causes more pain when injected
slowly and warm propofol causes more pain when injected
rapidly. In their study Oztiirk et al. (27) administered
propofol coldly (4 °C), in room temperature and warmed
to 37 °C). They showed that neither cold nor warmed
propofol caused any decrease in injection pain. In another
study investigating the effect of warming of propofol on
injection pain, Fletcher et al. (20) reported a significant
decrease in pain incidence from 59% to 22% with warmed
propofol to 37 °C, differently from the results of the study
of Oztiirk et al. (27).

Although there are lots of studies investigating the
effect of injected temperature on propofol injection pain in
literature, there is only one study conducted by changing
the temperature of the injection region. In this study
Park et al. (28) investigated the effect of warming of
injection area and forearm locally before propofol
injection. They reported statistically significant decrease
in pain incidence in warm applied group, compared to
control group (36.7% vs 66.7%).

In another study based on the same hypothesis, Mahajan
et al. (29), investigated the effect of local warming on
rocuronium (a neuromuscular blocker) injection pain.
They concluded that application of heat over the vascular
trace prior to rocuronium administration effectively
reduced injection-related pain. They also explained
analgesic action of heat by the gate-control theory of pain.

The incidence of pain in this study (69.1%) is
compatible with that of other studies (17, 30, 31). Also,
in our study, the number of patients with no pain in the
local warm group was significantly more than the local
cold and control groups (52.5% vs 22.5% and 17.5%
respectively) and this finding was in accordance with
the results of Park et al.’s study (28). In this study, the
authors suggest that by local warming of the injection
site, vasodilatation and increased blood flow of the area,
which is the physiological response to heat application
(32), was achived and it helped to clean out the suspected
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metabolites from vessel wall causing pain which was
induced by propofol injection

There is no study in literature investigating the local
cooling effect on propofol injection pain. In this study
we intended to alleviate propofol injection pain by local
cold application in the study group, depending on the
fact that local cold application is known to increase the
pain threshold and to decrease pain signal conduction
speed. Neverthless, in the local cold application group,
the pain incidence and severity were similar to control
group (77% vs 82%). This finding in our study suggests
that, local cold application is not as effective as cooling
of propofol in decreasing propofol injection pain. There
may be several reasons for that such as, slow injection
of propofol in 60 seconds, or failure to provide sufficient
decrease in the temperature of deep tissues, especially
vessel wall for the delay of biochemical reactions like
kinin release. Another reason may be that, due to the
vasoconstriction of the vessel wall and decreased blood
flow, which is a physiological response to cold therapy
(32), there may have been an interruption of elimination
of the chemical mediators from the vessel wall causing
propofol injection pain.

We must state that there are some limitations in this
study. In order to observe the physiological response to
heat therapy that are stated above, a 3-4 °C increase in
surface temperature is required. Also for cold application
it is reported that it decreases the temperature of the skin
and underlying tissues to a depth of 2 to 4 cm (32).
However skin temperature at the venous access site was
not measured in this study.

In conclusion, local warming of the injection site
prior to propofol administration was found to be effective
in reducing propofol injection pain compared to
no-intervention group, whereas local cooling had no
effect. Local warming can be used as an alternative to
non-pharmacological method in reducing propofol
injection pain especially when there is contraindication
of use of other pharmacological agents. The authors also
believe that further studies are needed in order to clarify
the effect of local cooling on this subject.
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