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Influence of Temperature and pH Changes on Propofol Injection Pain
Propofol’ün Sıcaklık ve pH Değişiminin Enjeksiyon Ağrısı Üzerine Etkisi

Amaç: Propofol, %60-70 oranında enjeksiyon ağrısına neden olmasına 
rağmen anestezide yaygın kullanılır. Bu çalışmada buzdolabında ve ameli-
yathane odasında saklanan propofol ampullerinin enjeksiyon ağrısı şiddeti 
ve sıklığı üzerine etkisini saptamayı amaçladık.

Yöntemler: Genel anestezi altında gastrointestinal ve ürolojik cerrahi ge-
çirecek 200 hasta bu prospektif,randomize, çift kör çalışmaya dahil edildi. 
Rutin monitörizasyonun ardından oda ısısındaki 5 mL propofol (Grup 1) 
ve buzdolabındaki 5 mL propofol (Grup 2) 10 sn içinde enjekte edildi. Bir 
araştırmacı ağrıyı diğer bir araştırmacı ise propofolün sıcaklık ve pH’sını 
değerlendirdi.

Bulgular: Propofol enjeksiyon ağrısının genel insidansı Grup 1’de %73,7, 
Grup 2’de %83,2 idi ve istatistiksel olarak anlamlı bulunmadı.Verbal Ra-
ting Skala kullanılarak değerlendirilen ağrı şiddeti açısından ise gruplar 
arasında anlamlı fark saptandı. Ortalama VRS değeri Grup 1’de 2, Grup 
2’de 3 bulundu. 

Sonuç: Soğuk uygulama lokal anestetik etkiye sahiptir. Sunulan çalışmada 
istatistiksel olarak anlamlı olmasa da soğuk propofol’ün daha fazla hastada 
ağrıya neden olduğu; istatistiksel olarak anlamlı şekilde ise daha şiddetli 
ağrıya neden olduğu bulundu. Bu bulgular ışığında propofol’ün buzdolabı 
yerine oda ısısında saklanmasının enjeksiyon ağrısını azaltacağını düşün-
mekteyiz.

Anahtar Kelimeler: Propofol, enjeksiyon, ağrı, pH

Objective: Propofol has been widely used for anaesthesiology, although 
about 60%-70% of patients experience pain on injection. The aim of 
our study was to compare two storage patterns of propofol, namely room 
temperature versus refrigeration, in terms of their effect on incidence and 
severity of pain caused by its injection.

Methods: Two hundred patients referred to gastrointestinal or urologic 
surgery with general anaesthesiology were included in a prospective rand-
omized, double-blind study. After routine monitoring, 5 mL of propofol 
at room temperature and 5 mL of propofol kept in the fridge was adminis-
tered within 10 seconds to patients in Group 1 and Group 2, respectively. 
An investigator assessed pain intensity. Propofol temperature-pH were 
measured by another researcher. 

Results: The overall incidence of pain on injection of propofol was 73.7% 
in Group 1, and 83.2% in Group 2. There was no significant difference 
between groups regarding the incidence of pain. There was a significant 
difference between groups in terms of pain severity based on a 6-point 
verbal rating scale. While the median VRS value for Group 1 was 2, it was 
3 in Group 2. 

Conclusion: Cold application has a local anesthetic effect of its own. In 
the present study it was observed that cold application of propofol caused 
pain more frequently, although it was statistically not significant; moreo-
ver, it was found that it statistically significantly increased the severity of 
pain. These findings indicate that propofol should be kept at room tem-
perature instead of in the refrigerator in order to reduce injection pain. 
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Introduction

Being an intravenous short-acting anaesthetic agent, propofol has been widely used for sedation and anaesthesiology. It not only 
produces smooth and rapid induction and recovery, but has an antiemetic effect as well, making propofol preferable for day care 
anaesthesiology. However, despite these positive effects, about 60%-70% of patients experience pain on injection of propofol (1). 

To prevent propofol injection pain, several studies have been performed using pharmacologic and non-pharmacologic methods, such as 
selecting an antecubital vein or a hand vein, slower or faster injection rates, using different temperatures of propofol (2). Manufacturer 
notes that pH value of propofol is 6-8.5 and it can effectively be used between 4-37°C. The aim of this study was to compare the effect of 
storing propofol at room temperature or refrigerator on severity of injection pain.

Methods

After local Ethical Committee approval and informed consent obtained, 200 American Society of Anaesthesiologists physical status I-II 
patients scheduled for gastrointestinal or urological surgeries under general anaesthesiology were included in a prospective randomized, 
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double blind study. All patients were educated on the 6-point verbal 
rating scale. Patients receiving analgesics or sedative drugs 24 hours 
prior to surgery and pre-anaesthetic medication, and patients with 
neurologic deficits, allergy to propofol, cardiovascular instability, lipid 
metabolism disorder, hepatic or renal problems, and psychiatric disor-
ders were not included in the study. On arrival to the operating room, 
which is consistently kept at 22-24°C via central air-conditioning, 
a 20-gauge intravenous cannula was inserted into the largest dorsal 
vein of the patient’s non-dominant hand. Isotonic NaCl solution at 
room temperature was connected to the cannula, but infusion was not 
initiated before propofol injection. After monitoring, baseline hemo-
dynamic measurements (systolic and diastolic blood pressures, heart 
rate, saturation of oxygen with use of pulse oximetry) of patients were 
recorded. Five millilitre of 1% propofol at room temperature, and 5 
mL of 1% propofol kept in the fridge (for at least 24 hours) were ad-
ministered within 10 seconds to patients in Group 1 and Group 2, re-
spectively. No other adjuvant drug was administered during this time. 
An independent anaesthesiologist and an investigator who did not 
know the type of the solutions prepared the injections. After injection 
of propofol, an investigator who was blinded to the group assignment 
asked the patient about pain at the injection site and assessed pain 
intensity using a 6-point verbal rating scale (VRS), with 1=no pain 
(negative response to questioning); 2=very mild pain (very mild pain 
reported only in response to questioning without any behavioural 
signs); 3=mild pain (mild pain reported only in response to question-
ing without any behavioural signs), 4=moderate pain (accompanied 
by a behavioural sign or a sign reported spontaneously without ques-
tioning); and 5=severe pain (vocal response or response accompanied 
by mild facial grimacing, arm withdrawal, or tears), and 6=very severe 
pain (strong vocal response or serious response accompanied by facial 
grimacing, arm withdrawal, or tears) (3). At the same time, remaining 
15 mL of propofol were taken into a measuring cup, and temperature 
and pH values of propofol were measured via a AD12 waterproof pH 
tester (ADWA Instruments, Szeged, Hungary) by another researcher. 
Thereafter, anaesthesiology induction was completed with propofol (2 
mg kg-1). After the loss of consciousness, rocuronium bromide (0.6 
mg/kg) was administered for muscle relaxation and to facilitate tra-
cheal intubation. Two minutes after rocuronium bromide injection, 
the trachea was intubated and anaesthesiology was maintained with 
desflurane (4.0% to 8.0% inspired concentration) and nitrous oxide 
(50% in oxygen) with controlled ventilation. Baseline demographics, 
hemodynamic parameters (baseline, after 5 mL of injection, and af-
ter the induction dose of propofol injection), temperature and pH of 
propofol, and VRS scores were recorded. Patients were monitored for 
12 hours postoperatively for adverse events (pain, oedema and inflam-
mation) at the injection site.

Statistical analysis

Statistical analysis was performed using SPSS 11.5. Frequency (per-
centage) for categorical variables and mean±standard deviation [me-
dian (minimum-maximum)] for metric variables were used as de-
scriptive statistics. For the comparison of two independent groups, 
Student’s t test or Mann-Whitney U test was used. Chi-square test was 
performed to compare two independent groups in terms of categor-
ical variables. Repeated measures analysis of variance (ANOVA) was 
used to compare more than two dependent groups in terms of metric 
variables. A p value <0.05 was considered as statistically significant.

Results

A total of 200 patients completed the study. The first group com-
prised 99 patients and the second group 101 patients. Two patients 

of the first group were excluded from the study because of unsuc-
cessful response. Intravenous cannulation was successful at the first 
attempt in 99% of both groups. The age, weight, and sex were sim-
ilar in both groups (Table 1). In Group 1 (propofol at room tem-
perature), mean propofol temperature was 23.18±0.88°C and mean 
pH value was 7.29±0.05. In Group 2 (propofol from the fridge), 
mean propofol temperature was 17.55°C±1.47 and pH value was 
7.45±0.03 (Table 2). 

There was no difference between groups in terms of haemodynamic 
values. No difference was observed between groups in terms of SAP, 
DAP, HR, and SpO2 values measured before and after drug admin-
istration; a decrease was observed in SAP and DAP; first an increase 
then a decrease in HR was observed, and an increase in SpO2 was ob-
served. These findings are in line with clinical expectations (Table 3).

The overall incidence of pain on injection of propofol was 73.7% 
(26/73) in Group 1, and 83.2% (17/84) in Group 2. There was 
no difference regarding the incidence of pain between the groups 
(p=0.10). There was a significant difference between groups in terms 
of pain severity based on the 6-point verbal rating scale (p=0.04). 
While the median VRS value for Group 1 was 2 (min 1-max 6), it 
was 3 (min 1-max 6) in Group 2 (Table 4).

Discussion

Our results showed that, although it was not statistically significant, 
the incidence of pain on injection of cold propofol was higher com-
pared to room temperature propofol. However, the severity of pain 
measured by VRS was significantly higher in Group 2 compared 
to Group 1. Effects of pain on haemodynamics were not found re-
markable. 

Propofol vials used in most studies in the literature have been as-
sumed and thereby reported to be at fridge temperature (2-8°C) 
even though in none of them their temperature and pH levels were 
measured (2). In the present study, the temperature and pH level of 
each vial were recorded and it was found that the mean temperature 
of propofol vials kept in the fridge for 24 h was 17.55°C and the pH 
value approached to alkaline as it gets colder. 

Table 1. Demographic data of the patients in this study

	 Grup 1 (n=99)	 Grup 2 (n=101)	 p

Age (yr)	 54.2 (15.8)	 52.3 (13.8)	 0.359

Sex (M/F)	 57/42	 53/48	 0.469

Weight (kg)	 77.7 (12.9)	 76.1 (16.9)	 0.455
Values are shown as mean (SD) or number of patients. Group 1: Propofol at 
room temperature, Group 2: Propofol kept in fridge

Table 2. Temperature and pH values of propofol

	 Grup 1 (n=99)	 Grup 2 (n=101)

Temperature (°C)	 23.19±0.89 	 17.56±1.47

	 [23.60 (21.40-24.70)]	 [18.10 (13.30-19.60)]

pH Values	 7.30±0.06	 7.46±0.04

	 [7.29 (7.19-7.38)]	 [7.46 (7.40-7.59)]
Values are shown as mean±SD [median (minimum-maximum). Group 1: Propo-
fol at room temperature, Group 2: Propofol kept in fridge
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Several factors, such as location of injection, vein diameter, injection 
speed, aqueous propofol concentration, buffering effect of blood, 
speed of intravenous infusion fluids, temperature of propofol, and 
the use of local anaesthetics/opioid, may affect the incidence of 
propofol injection pain (4-7). 

In meta-analyses on propofol injection pain, use of antecubital veins 
instead of dorsal hand veins was reported as the only non-pharmaco-
logical method that has a clear positive effect (2). However, intravenous 
line through the antecubital vein may get occluded due to the flexion 
of the olecranon. Furthermore, extravasation may easily be detected 
on the back of the hand. In our practice, back of the hand is the most 
frequently used area for intravenous access during both operation and 
sedation. Therefore, in order to increase the quality of our daily prac-
tice, we used the back of the hand in the present study. In the litera-
ture, lidocaine was reported to be the most effective pharmacological 
method in preventing injection pain (2). In our daily practice we rou-
tinely administer 20-40 mg lidocaine before propofol injection. 

While propofol is used at different parts of our hospital, we observed 
that they are kept in different conditions in each unit, and therefore 
we aimed to determine the effect of storage conditions of propofol 
on injection pain. Based on one of our findings, that is propofol 
kept at room temperature and co-administered with lidocaine may 
cause less pain, propofol vials kept in fridges were transferred to 
medicine cabinet at room temperature.

Klement et al. (8) reported that injection pain caused by some an-
aesthetic agents are because their pH or osmolality are not physi-
ological. Based on this, high viscosity, osmolar concentration and 
pH of the propofol solution cause pain when superficial hand veins 
contact with the drug. Our findings showed that application of cold 
propofol increased the pain. The reason for aggravated pain may 
be that the viscosity of more alkaline propofol solutions containing 
high levels of lipid increases as it gets colder and therefore its contact 
time with vascular endothelium increases. 

Propofol injection pain may occur immediately or might be delayed. 
The immediate pain may be due to the direct irritant effect of prop-
ofol; however, the delayed pain may be due to the indirect effect of 
kinin cascade (9, 10). Because the injection pain in the present study 
was immediately after injection, we focused on acute local irritant 
effect as the cause of pain. 

Cold application has a local anaesthetic effect of its own; it was even 
reported that cold saline injection as well as tourniquet application 
just before propofol administration reduced pain (11). However, 
changing the temperature of administered propofol still produced 
conflicting results. Some studies have demonstrated a reduction in 
pain using cold propofol, and it has been suggested that this mecha-
nism of pain reduction may be due to the stabilization of local pain 
mediators at lower temperatures (11-13). Conversely, some studies 
have failed to demonstrate a reduction in pain using cold propofol 
(12, 14). One other study has demonstrated a lower incidence of pain 
when propofol was warmed to 37°C compared to room temperature; 
the authors suggested that warmed injectate might reduce pain either 
by changes in nociceptor stimulation or changes in propofol partition 
between the aqueous and lipid phases. However, we found that cold 
application of propofol has no positive effect for decrease of pain. 

Effects of injection speed on propofol pain have been studied before. 
Some studies included an injection speed of 20 mL in 5 sec and some 
others included a speed of 10 mL in 30 seconds (5). “Slow” and “fast” 
injections have not been clearly defined in the literature. In the pres-
ent study, we administered 5 mL solution in 10 sec for all patients, 
and observed only the effect of the temperature of the solution. 

Conclusion

It was observed in the present study that cold application of propofol 
caused more frequent pain, although it was not statistically significant; 
moreover, it was found that it significantly increased the severity of 

Table 4. Incidence and intensity of propofol injection pain

	 Grup 1 (n=99)	 Grup 2 (n=101)	 p

Incidence of pain*	 73 (73.7)	 84 (83.2)	 0.105

Pain score**	 2.80±1.58	 3.24±1.54	 0.037 
	 [2 (1-6)]	 [3 (1-6)]

Pain intensity score*

1 (No pain)	 26 (26.3)	 18 (17.8)	

2 (Very mild pain)	 24 (24.2)	 21(20.8)	

3 (Mild pain)	 18 (18.2)	 13 (12.9)	

4 (Moderate pain)	 14 (14.1)	 19 (18.8)	

5 (Severe pain)	 9 (9.1)	 28 (27.7)	

6 (Very severe pain)	 8 (8.1)	 2 (2.0)	
*Values are shown as the number of patients (%)
**Values are shown as mean±SD [median (minimum-maximum)
Group 1: Propofol at room temperature, Group 2: Propofol kept in fridge

Table 3. Hemodynamic data of the patients in this study

Basal	 SAP (mmHg)	 DAP (mmHg)	 KH (beat/min)	 SpO2

Group 1	 149.9±24.26	 83.03±13.39	 77.76±13.51	 96.55±2.07

Group 2	 151.02±26.20	 85.14±13.10	 82.35±14.86	 96.62±1.84

After 5 mL propofol injection	 SAP (mmHg)	 DAP (mmHg)	 KH (beat/min)	 SpO2

Group 1	 138.27±21.94	 79.53±13.99	 79.39±14.72	 98.06±1.50

Group 2	 138.36±26.33	 78.46±13.85	 82.75±14.95	 97.63±1.99

After induction	 SAP (mmHg)	 DAP (mmHg)	 KH (beat/min)	 SpO2

Group 1	 120.52±24.40	 71.07±17.82	 78.37±14.46	 98.59±3.31

Group 2	 115.97±22.89	 69.13±15.89	 81.07±14.39	 99.22±1.95

Values are shown as mean±SD. Group 1: Propofol at room temperature, Group 2: Propofol kept in fridge
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pain. These findings indicate that propofol should be kept at room 
temperature instead of refrigerator in order to reduce injection pain. 
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