
INTRODUCTION 

Propofol is widely used as the induction agent of anesthe-

sia owing to its pharmacological advantages, including rapid 

onset time, short duration of action, easy titration, and a fa-

vorable side-effect profile [1]. Recently, its use has gradually 

expanded to sedation for outpatient procedures [2,3].  

Despite these advantages, pain during vascular injection 

is a major drawback of propofol use. Without other treat-

ments, pain is experienced after propofol injection by ap-

proximately 70% of the patients [4]. A few patients com-

plained that the propofol injection site was the most pain-
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Background: Despite various strategies designed for preventing pain from propofol injec-
tion, it is still common and distressing to the patients. The purpose of the present study 
was to investigate the adequate effect-site concentration (Ce) of remifentanil to prevent 
pain due to propofol injection. 

Methods: A total of 160 adults scheduled for elective surgery were randomly assigned to 
one of four groups receiving normal saline (group S) or remifentanil at a Ce of 2 (group R2), 
3 (group R3), or 4 ng/ml (group R4), administered via target-controlled infusion, followed 
by the injection of 2 mg/kg of propofol (delivered with 1% lipid propofol). The severity and 
incidence of injection pain were assessed on a four-point scale. 

Results: The incidence of propofol injection pain was significantly lower in group R2, R3, or 
R4 than in group S (30%, 5%, or 2.5% vs. 70%, respectively). Moreover, the intensity of the 
pain was lesser in group R2, R3, or R4 than in group S. However, the incidence or severity 
of injection was not different between groups R3 and R4. 

Conclusions: During the induction of balanced anesthesia using propofol injection, pre-
treatment with remifentanil at a target Ce of 3 ng/ml effectively reduced propofol injection 
pain in adults. 
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ful site throughout the perioperative period. 

Therefore, numerous techniques have been use to re-

duce propofol injection pain. In a recent systematic review, 

Jalota et al. [5] recommended the routine use of opioids in 

all patients before propofol injection for general anesthe-

sia, unless contraindicated. There have been several stud-

ies on the preventive effect of remifentanil on pain from a 

single injection or continuous infusion of propofol in 

adults [6–8]. Compared to other opioids, remifentanil has 

faster onset, shorter duration of action, and shorter con-

text-sensitive half-life [9]. 

Lee et al. [10] showed that effect-site concentrations (Ce) 
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of remifentanil of 4 and 6 ng/ml reduced the injection pain 

from 2% propofol infusions during the induction of anes-

thesia with target-controlled infusion (TCI). The 2% propo-

fol solution is commonly used for the induction of total in-

travenous anesthesia (TIVA), but the 1% propofol solution 

is usually used for the induction of balanced anesthesia. As 

the 2% propofol solution elicits more intense pain than the 

1% propofol solution, Ce of remifentanil required to pre-

vent propofol injection pain may be different. 

The aim of this study was to determine the effective Ce of 

remifentanil to reduce pain from the injection of 1% propo-

fol, which is used to induce anesthesia in adults. 

MATERIALS AND METHODS 

This study was approved by the Institutional Review Board 

(2015–2019) (IRB No: CNUHH-2015-019), and written in-

formed consent was obtained from all study participants. 

We prospectively performed this study on a total of 160 pa-

tients, aged 20–65 years (American Society of Anesthesiolo-

gists physical status I or II), undergoing elective surgery un-

der general anesthesia. The exclusion criteria were: (1) 

known allergies to opioids and propofol, (2) neurological 

deficits or psychiatric disorders, (3) current use of pain med-

ication or sedatives, and (4) a history of drug abuse. 

Using a computer-generated randomization table, each 

patient was randomly allocated to group S, R2, R3, or R4 

(each n =  40) and administered with normal saline or 

remifentanil at a Ce of 2, 3, or 4 ng/ml, respectively (Fig. 1). 

Remifentanil 1 mg (Ultiva®, GlaxoSmithKline, Belgium) 

was diluted with 20 ml of normal saline. Normal saline was 

delivered with a 20-ml syringe to controls. All study drugs 

were administered using a Minto pharmacokinetic model 

[11] in a TCI device (Orchestra, Fresenius-Vial, France). 

The infusion pump was covered to blind the patients, anes-

thesiologists, and investigators. 

The patients were not medicated before the surgery, and 

a 20-gauge venous cannula was placed in their cephalic 

vein. Standard monitoring and assessment were performed 

continuously, which included electrocardiography, pulse 

oximetry, and non-invasive monitoring of arterial pressure. 

When the predetermined target Ce of remifentanil was 

achieved, propofol 2 mg/kg (1% Anepol®, Hana Pharm. 

Co., Ltd., Korea) was administered intravenously over 30 s. 

During the propofol injection, the pain severity was as-

sessed using the following four-point scale: 1 (no pain), no 

verbal/facial/motor reaction to the injection; 2 (mild pain), 

a minor verbal/facial/motor reaction to the injection; 3 

(moderate pain), the patient complained of pain, but there 

was no accompanied grimacing or withdrawal; 4 (severe 

pain), the patient complained of pain, and there was facial 

grimacing or withdrawal of the arm [12]. After the patients 

were unconscious, tracheal intubation was performed fol-

lowing an injection of 0.8 mg/kg of rocuronium, and bal-

anced anesthesia was maintained with sevoflurane and 

continuous remifentanil infusion via the TCI pump. Heart 

rates (HRs) and mean arterial pressures (MAPs) were com-

pared before the infusion and after the remifentanil target 

Ce was reached. Remifentanil-related hypotension ( >  20% 

decrease in MAP) and bradycardia (HR <  45 beats/min) 

were assessed. Chest wall rigidity, desaturation, and minor 

complications, such as dizziness and cough, were also as-

sessed. The patients were assessed for 24 postoperative 

hours for adverse effects, such as pain, edema, and flare re-

sponse at the propofol injection site.  

Based on previous studies [4], the sample size of 160 sub-

jects in four groups (with an assumed dropout rate of 5%) 

was calculated to have a power of 85% to detect a linearly 

decreasing trend using a one-sided z-test with continuity 

correction, with a significance level of at least 0.05 (PASS 

13.0.05, NCSS, LCC, USA). All statistical analyses were per-

formed with the SPSS software, version 15.0 (SPSS Inc., 

USA). The one-way analysis of variance test was used for 

normally distributed continuous variables (e.g., age, height, 

and weight), and the chi-squared test was used for discrete 

variables (e.g., sex). Fisher’s exact test and the Kruskal–

Wallis rank test were used to detect any differences in the 

incidence of propofol injection pain and mean pain inten-

sity among groups, respectively. P values less than 0.05 
Fig. 1. CONSORT flow diagram of participants through the study. 
Ce: effect-site concentration.

Enrollment (n = 160)

Group S
Normal saline
(n = 40)

Group R2
Ce of 2 ng/ml
(n = 40)

Group R3
Ce of 3 ng/ml
(n = 40)

Group R4
Ce of 4 ng/ml
(n = 40)

Excluded (n=31)
Patient refusal (n = 22)
Sedative medication (n = 9)

Screening (n = 191)

www.anesth-pain-med.org 153

Ce of remifentanil for propofol injection pain



were considered statistically significant. Results are ex-

pressed as mean ±  SD or absolute numbers (%). 

RESULTS 

The study enrolled 160 people, none of whom dropped 

out. There were no differences in demographic characters, 

such as age, gender, weight, or height, among the groups 

(Table 1). 

The incidence of propofol-induced pain was significantly 

lower in groups R2, R3, and R4 (30%, 5%, and 2.5%, respec-

tively) than in group S (70%, P < 0.05, Table 2). In addition, the 

severity of propofol-induced pain was significantly lower in 

groups R2, R3, and R4 compared to group S (P < 0.05, Table 2). 

However, there were no significant differences in pain inci-

dence or severity between groups R3 and R4. 

Although the changes in HR and MAP after remifentanil 

or saline infusion were significant in all groups compared 

to baseline, reductions in HR and MAP were of no clinical 

importance, and no patients required treatment for hypo-

tension or bradycardia (Table 3). Participants did not expe-

rience major adverse events, such as desaturation or chest 

wall rigidity during the study period (Table 4). Minor com-

plications, including dizziness and cough, occurred more 

frequently in groups R2, R3, and R4 than in group S (P <  

0.05). However, the incidence of complications did not dif-

fer significantly among the three groups receiving remifen-

tanil (Table 4). No side effects at the injection site were 

seen in any patient. 

DISCUSSION 

This study showed that the administration of remifent-

anil at target Ce of 2, 3, or 4 ng/ml significantly reduced the 

Table 1. Demographic Characteristic

Group S (n =  40) Group R2 (n =  40) Group R3 (n =  40) Group R4 (n =  40)

Target Ce of remifentanil (ng/ml) 0 2 3 4
Sex (M/F) 15/25 15/25 14/26 15/25
Age (yr) 49.0 ±  9.5 48.0 ±  7.7 50.0 ±  9.3 48.0 ±  9.6
Weight (kg) 63.6 ±  10.7 62.6 ±  9.2 63.5 ±  11.6 65.1 ±  11.0
Height (cm) 159.9 ±  10.2 164.0 ±  6.5 162.2 ±  9.0 161.7 ±  10.0

Values are presented as number of patients or mean ± SD. There were no significant differences among the four groups. Ce: effect-site 
concentration.

Table 2. Incidence and Severity of Pain with Propofol Injection

Group S (n =  40) Group R2* (n =  40) Group R3*,† (n =  40) Group R4*,† (n =  40)

Incidence of pain 28 12 2 1
Severity of pain
 1 (no pain) 12 28 38 39
 2 (mild pain) 16 12 2 1
 3 (moderate pain) 11 0 0 0
 4 (severe pain) 1 0 0 0

Values are presented as number of patients (%). *P < 0.05 for comparison of the incidence and severity of pain with the control. †P < 0.05 
for comparison of the incidence and severity of pain with Group R2. However, there was no significant difference in the incidence or severity 
of pain between groups R3 and R4.

Table 3. Hemodynamic Changes During the Induction of General Anesthesia

Heart rate Mean arterial pressure

Baseline Before intubation Baseline Before intubation

Group S (n =  40) 78.4 ±  9.7 68.6 ±  8.9* 99.6 ±  10.3 80.0 ±  8.3*
Group R2 (n =  40) 75.2 ±  11.4 64.4 ±  9.5* 100.9 ±  9.9 76.4 ±  7.3*
Group R3 (n =  40) 79.9 ±  13.7 65.4 ±  10.6* 101.0 ±  10.4 72.6 ±  8.4*
Group R4 (n =  40) 81.5 ±  13.6 64.4 ±  8.1* 99.2 ±  13.5 70.6 ±  9.2*

Values are presented as mean ± SD. Although changes in the heart rate (HR) and mean arterial pressure (MAP) after remifentanil or saline 
infusion were significant compare to baseline (*P < 0.05) in all groups, reductions in HR or MAP were of no clinical importance, and no 
patients required treatment for hypotension or bradycardia.
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incidence and severity of propofol injection pain during 

the induction of balanced anesthesia in adults. There were 

no differences between target Ce of 3 and 4 ng/ml. 

During the induction of anesthesia, the propofol injec-

tion often causes pain, which might be distressing to the 

patients. In the present study, propofol injection pain oc-

curred in 26 (70%) patients in group S, which was the sa-

line-only control group, consistent with previous reports 

[4]. Although the mechanism underlying propofol injection 

pain has not been fully understood, initial and delayed 

pain seem to be involved with the immediate stimulation 

of nociceptors and activation of pain mediators, respec-

tively [13,14]. 

As opioids, including remifentanil, are commonly used 

for balanced anesthesia, the use of opioids for induction 

seems reasonable because opioids have half the risk of 

propofol injection pain [5]. Moreover, previous studies 

showed that pretreatment with remifentanil reduced the 

incidence and severity of propofol injection pain with vary-

ing results [6–8]. A previous study reported that pretreat-

ment with remifentanil was effective in reducing propofol 

injection pain, and a dose of at least 0.02 mg of remifentan-

il should be used for this purpose [6]. Another study 

showed that 0.25 μg/kg/min of remifentanil started 1 min 

earlier was more effective than that administered immedi-

ately before propofol injection [8]. Therefore, previous data 

indicate that both dose and time intervals are fundamental 

factors for the maximal effect of remifentanil on propofol 

injection pain [10]. TCI of remifentanil is suitable for use as 

a part of an anesthesia regimen owing to its pharmacologic 

advantages, which include rapid onset. This pharmacolog-

ic property allows the desired targeted blood plasma con-

centration of remifentanil to be quickly achieved. There-

fore, pretreatment with remifentanil at an efficacious target 

Ce could be a good method to prevent propofol injection 

pain for the induction of balanced anesthesia. 

In adult women, the effective concentrations of remifen-

tanil to cause inhibitions by 50% (EC50) and 95% for mini-

mizing propofol infusion pain during the induction of TIVA 

were 3.09 and 3.78 ng/ml, respectively [15]. Lee et al. [10] 

reported that pretreatment with remifentanil at a target Ce 

of 4 ng/ml effectively reduced the frequency and intensity 

of pain from propofol infusions during the induction of 

TIVA, without significant complications. 

The 2% propofol solution, containing more aqueous 

propofol, might cause more infusion pain than the 1% propo-

fol solution [10]. In this study, we used the 1% propofol solu-

tion as it is commonly used for the induction of balanced an-

esthesia. As the 2% propofol solution elicits more intense 

pain than the 1% propofol solution, in this study, the test 

doses of target Ce of remifentanil were lower than 4 ng/ml. 

In this study, the incidence of propofol injection pain in 

group R2, R3, or R4 (30%, 5%, and 2.5%, respectively) was 

significantly lower than that in the control group (70%). 

The severity of propofol injection pain was also significant-

ly lower in group R2, R3, or R4 than in the control group. 

No moderate-to-severe pain was reported in group R2, R3, 

or R4 (0%) whereas it was experienced by 30% of the pa-

tients in the control group. The incidence or severity of 

pain was not significantly different between groups R3 and 

R4, and the occurrence of complications was not signifi-

cantly different between groups R3 and R4. This finding 

suggests that remifentanil at a Ce of 3 ng/ml might be the 

optimal concentration to reduce propofol injection pain 

for the induction of balanced anesthesia in adults. The 

pain-relieving effect of remifentanil might be mediated 

through central opioid receptors because a tourniquet 

technique was not used for the injection of remifentanil, 

and propofol was injected when the target Ce of remifent-

anil was reached. 

Previous studies examining remifentanil at EC50 to pre-

vent hemodynamic changes following endotracheal intu-

bation showed that remifentanil at Ce of 2.0–5.0 ng/ml did 

not cause significant hypotension, bradycardia, or chest 

Table 4. Incidence of Complications in Patients Who Received Normal Saline (Group S) or Remifentanil at Target Effect-site Concentrations of 2, 
3, or 4 ng/ml

Group S (n =  40) Group R2 (n =  40) Group R3 (n =  40) Group R4 (n =  40)

Desaturation 0 0 0 0
Chest wall rigidity 0 0 0 0
Cough 0 0 1 2
Dizziness 0 17* 18* 20*

Values are presented as number of patients. There were no significant differences in the incidence of desaturation or chest wall rigidity 
among the groups. Dizziness was significantly more frequent in groups R2, R3, and R4 (*P < 0.05) compared to the control group, although 
the incidence of complications was not significantly different among the three study groups.
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tightness [16]. Although in the present study, reductions in 

HR and MAP following the administration of remifentanil 

were significant, no adult patients with American Society 

of Anesthesiologists physical status I or II required treat-

ment for hypotension or bradycardia, consistent with pre-

vious reports [10,16]. 

This study had two limitations, and the findings of this 

study should be considered within the context of these lim-

itations. 

First, the study population was limited to relatively young 

patients. As older patients are more sensitive to opioids, 

age-related variations in the effects should be considered. 

Second, the prevalence of propofol injection pain could be 

influenced by the patient’s sex. Remifentanil at EC50 used 

to reduce propofol injection pain was lower in women than 

in men [15]. 

In conclusion, we showed that remifentanil infusion at a 

target Ce of 3 ng/ml for the induction of balanced anesthe-

sia using a single propofol injection was a useful strategy to 

minimize propofol injection pain in adults, without caus-

ing significant complications. 
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