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Background: Long-chain triglyceride/medium-chain triglyceride 

(LCT/MCT) propofol is less painful than standard long chain 

triglyceride (LCT) propofol; however, there is still a need to reduce 

severe pain.  5-Hydroxytryptamine type 3 (5-HT3) receptor antago-

nists have an analgesic effect during the injection of standard LCT 

propofol.  This study compared the incidence of moderate-to-severe 

injection pain with LCT/MCT propofol using pretreatment with 

palonosetron versus pretreatment with saline or lidocaine.

Methods: This prospective, randomized double-blind study 

divided 98 patients scheduled for general anesthesia into three 

groups: control (n = 33), palonosetron (n = 32), and lidocaine (n 

= 33) groups.  An 18-gauge intravenous catheter was inserted into 

the peripheral vein at the dorsum of the hand.  The patient’s vein 

was occluded by a rubber tourniquet at mid-forearm, and we then 

administered 2 ml of the pretreatment drug.  One minute after 

venous occlusion, we released the tourniquet and administered 

LCT/MCT propofol 2 mg/kg for 10–15 seconds.  The degree of pain 

on propofol injection was evaluated using a 4-point scale.

Results: The incidence of moderate-to-severe pain in the control, 

palonosetron, and lidocaine groups was 9.1, 15.6, and 12.1%, 

respectively.  The incidence of overall pain was lower in the 

lidocaine group than in the control or palonosetron group.

Conclusions: Palonosetron and lidocaine pretreatment does not 

reduce moderate-to-severe pain on injection of 1% LCT/MCT 

propofol.  Lidocaine pretreatment reduced the overall incidence of 

injection pain. (Anesth Pain Med 2016; 11: 249-254) 
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INTRODUCTION

Recently, there has been gradually increasing interest in the 

comfort and satisfaction of perioperative patients. Propofol is 

among the most popular intravenous anesthetic agents because 

it provides rapid induction and recovery, good quality 

anesthesia without any “hangover,” and an antiemetic effect 

[1]. Despite numerous advantages, propofol has the 

disadvantage of inducing pain during injection, in up to 70% 

of cases without pretreatment [2,3]. Pain during injection is the 

seventh-most important and frequent problem in American 

clinical anesthesia and may be a cause of patient dis-

satisfaction with anesthesia [4].

Long-chain triglyceride/medium-chain triglyceride (LCT/MCT) 

propofol causes less pain than standard long-chain triglyceride 

(LCT) propofol due to the decreased free propofol con-

centration in the emulsion in the aqueous phase [5]. Many 

researchers have reported that LCT/MCT propofol significantly 

reduced propofol injection pain [6-10]. Nevertheless, 24–63% 

of patients still suffer from injection pain with LCT/MCT 

propofol [10,11]. Moreover, Sundarathiti et al. [12] reported 

that 36.4% of patients have moderate to severe pain on 

LCT/MCT propofol injection. Therefore, there is still need to 

study the prevention of LCT/MCT propofol injection pain.

Various methods for reducing propofol injection pain have 

been reported, of which pretreatment with lidocaine with 

venous occlusion is the most effective [2,3]. A recent study 

reported that lidocaine pretreatment and lidocaine admixture for 

propofol injection pain have similar effects [13].

5-Hydroxytryptamine type 3 (5-HT3) receptor antagonists 

such as ondansetron exert strong local anesthetic effects and 
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Table 1. Assessment of Pain

Score Degree of pain Response

0 None Negative response to questioning
1 Mild Pain reported in response to questioning only, without any behavioral signs
2 Moderate Pain reported in response to questioning and accompanied by a behavioral sign, or pain reported 

spontaneously without questioning
3 Severe Strong vocal response or response accompanied by facial grimacing, arm withdrawal, or tears

actions on the   receptor, and have been reported to lessen 

propofol injection pain [14-16]. In addition, as strong 

antiemetics, they have the advantage of reducing postoperative 

nausea and vomiting.

Palonosetron, the newest 5-HT3 antagonist, has a strong 

affinity for 5-HT3 receptors and a long-duration antiemetic 

effect. Two studies have examined the use of palonosetron to 

reduce propofol injection pain. Ryu and Kim [17] reported that 

palonosetron reduced the incidence of propofol injection pain, 

while Lee et al. [18] reported that palonosetron did not reduce 

the incidence of propofol injection pain, but it did reduce 

severe pain. These differing results have been attributed to the 

use of different methods or propofol formulations. Therefore, 

this study evaluated the ability of palonosetron to prevent pain 

on injection of LCT/MCT propofol. 

MATERIALS AND METHODS

This study used a planned, prospective, randomized 

double-blind design that was approved by our hospital’s 

Institutional Review Board. Ninety-nine patients scheduled for 

elective surgery under general anesthesia were included. They 

were between 19 and 70 years of age and American Society 

of Anesthesiologists (ASA) classification I or II. The exclusion 

criteria were allergy to propofol, palonosetron, or lidocaine; 

peripheral vascular or neurologic disease; use of analgesics or 

sedatives within the 24 h before surgery; dementia or 

communication difficulties; and pregnancy. All patients 

provided written informed consent, and they were divided 

randomly by a computer using block randomization into 

control (0.9% normal saline 2 ml, n = 33), palonosetron 

(palonosetron 0.075 mg/2 ml, n = 33), and lidocaine (2% 

lidocaine 40 mg/2 ml, n = 33) groups.

Pretreatment drugs (2 ml solution) were prepared in identical 

syringes by an independent anesthesiologist not involved in the 

study. The treating anesthesiologist was blinded to the 

pretreatment drug administered to each subject.

All patients were administered glycopyrrolate 0.2 mg 

intramuscularly 30 minutes before surgery. On arrival in the 

operating room, an 18-gauge cannula was inserted into the 

dorsal vein of the hand, and peripheral oxygen saturation was 

monitored by pulse oximetry; electrocardiography and 

non-invasive blood pressure measurement were also initiated. 

The dorsal vein was occluded by a rubber tourniquet at 

mid-forearm; we then administered 2 ml of the pretreatment 

drug. After venous occlusion by the rubber tourniquet for 1 

minute, we released the tourniquet and administered LCT/MCT 

propofol (Fresofol 1%, Fresenius Kabi, Graz, Austria) 2 mg/kg 

for 10–15 seconds.

Pain assessment was performed from the time of injection of 

propofol until loss of consciousness by an independent 

anesthesiologist who was blinded to the patients’ group 

assignment. The highest pain scores during this period were 

recorded. All patients were asked the following question: “Do 

you have any pain or discomfort in your arm during injection 

of hypnotics?” and the degree of pain from the propofol 

injection was measured using the 4-point scale proposed by 

McCririck and Hunter (0 = none, 1 = mild pain, 2 = 

moderate pain, 3 = severe pain [Table 1]) [19]. Pain or 

discomfort on injection of the pretreatment drug, and any 

adverse effects of palonosetron, were recorded.

Thereafter, patients were administered rocuronium for muscle 

relaxation, and an endotracheal tube was inserted. Then, the 

operation began.

The primary endpoint was the incidence of mode-

rate-to-severe pain on injection of propofol due to its clinical 

importance; secondary endpoints were overall pain incidence 

and other complications.

The estimated sample size was calculated based on the 

difference between moderate-to-severe pain incidence (35 vs. 

2.5%) reported by Ryu and Kim [17] (  = 0.05/3,   = 0.2, 

dropout rate 20%); it was calculated that 33 patients were 

required per group. Statistical analyses were performed using 

SPSS for Windows (ver. 14.0, SPSS, Chicago, IL, USA). The 
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Table 2. Baseline Patient Characteristics

Characteristic Control group Palonosetron group Lidocaine group

Number of patients 33 32 33
Age (yr) 45.8 ± 13.7 49.0 ± 13.4 42.5 ± 14.7
M/F 16/17 18/14 10/23
Weight (kg) 71.8 ± 18.0 66.6 ± 11.3 67.2 ± 17.6
ASA classification (I/II) 24/9 25/7 26/7

Data are presented as mean ± SD or as number of patients. There were no significant group differences (P ＞ 0.05).

Fig. 1. The incidences of overall pain and moderate-to-severe pain with
propofol injection. The incidence of overall pain was lower in the lidocaine
group compared with the control group (P = 0.028). The incidence of 
moderate-to-severe pain did not differ among the three groups (P = 
0.693).

Table 3. Distribution of Propofol Injection Pain

　 Control group (n = 33) Palonosetron group (n = 32) Lidocaine group (n = 33)

0 (No pain) 14 (42.4%) 14 (43.8%) 23 (69.7%)
1 (Mild pain) 16 (48.5%) 13 (40.6%)  6 (18.2%)
2 (Moderate pain) 2 (6.1%) 3 (9.4%)  4 (12.1%)
3 (Severe pain) 1 (3.0%) 2 (6.3%) 0 (0%)

Data are presented as number of patients (%). There were no significant group differences (P = 0.076). 

groups were compared using one-way ANOVA for continuous 

data, with the chi-square test, Fisher’s exact test, or a 

generalized linear mixed model applied for categorical data. All 

data are presented as the means ± SD for continuous data, 

and as frequencies with percent for categorical data. A value 

of P ＜ 0.05 was taken to indicate statistical significance. 

RESULTS

Of the 99 patients enrolled, one patient in the palonosetron 

group was excluded due to preoperative use of an uninformed 

analgesic drug. A total of 98 patients were included in this 

study: control group, n = 33; palonosetron group, n = 32; and 

lidocaine group, n = 33. Baseline characteristics including age, 

sex ratio, weight, and ASA classification were similar among 

groups (Table 2).

The number of patients who exhibited moderate-to-severe 

pain was similar between the three groups: three patients 

(9.1%) in the control group, five patients (15.6%) in the 

palonosetron group, and four patients (12.1%) in the lidocaine 

group (P = 0.693; Fig. 1).

The overall incidence of pain differed among the three 

groups, i.e., 19 patients (57%) in the control group, 18 patients 

(56.3%) in the palonosetron group, and 10 patients (30.3%) in 

the lidocaine group (P = 0.044, chi-square test; Fig. 1). The 

overall incidence of pain was lower in the lidocaine group 

compared with the control and palonosetron groups (P = 0.028, 

generalized linear mixed model).

Table 3 presents the distribution of propofol injection pain; 

there were no significant group differences (P = 0.076). 

No patients complained of pain during injection of the 

pretreatment drug and none had any adverse effects after 

injection of palonosetron and propofol. 

DISCUSSION

This study demonstrated that palonosetron pretreatment with 
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venous occlusion does not reduce the incidence of 

moderate-to-severe or overall pain on injection of 1% 

LCT/MCT propofol compared with control pretreatment. 

Lidocaine pretreatment with venous occlusion does not reduce 

moderate-to-severe pain, although it reduces the overall 

incidence of propofol injection pain.

The reported incidence of propofol injection pain on the 

dorsum of the hand without pretreatment is 28–90% [2,3,20]. 

The mechanism of propofol injection pain remains unclear, but 

it has been suggested that the initial pain is due to the direct 

stimulation of free nerve endings and nociceptors in the blood 

vessel [20], and is related to the free drug concentration in the 

aqueous phase of the emulsion and lipid carrier [5,21]. 

Delayed pain occurs within 30 seconds of propofol injection, 

and results from indirect effects via the kinin cascade [20]. It 

has been suggested that it may be associated with activation of 

the kallikrein-kinin pathway, which is related to hyper-per-

meability and vasodilatation by caused bradykinin and 

prostaglandin E2 [22,23].

Several studies have reported pharmacologic and 

non-pharmacologic methods for reducing propofol injection pain 

[20,24], including the use of a larger vein, changes in the 

infusion rate, dilution or cooling of the drug, and the use of 

pretreatment drugs (opioids, ketamine, non-steroidal anti-inflam-

matory drugs, 5-HT3 antagonists, lidocaine), a lido-

caine-propofol admixture, or LCT/MCT propofol [2,3,24].

Lidocaine pretreatment with venous occlusion and the use of 

a larger vessel, are the most effective methods of reducing 

pain, while lidocaine pretreatment is the most popular method 

[2,3]. The mechanism of action of lidocaine pretreatment with 

venous occlusion may be associated with its local anesthetic 

and stabilizing effects on the kinin cascade [25]. Our results 

also showed that lidocaine pretreatment reduced the incidence 

of propofol injection pain.

In an animal study, Ye et al. [16] found that ondansetron 

had 15-times the local anesthetic potential of lidocaine. Agonist 

activity at the  -opioid receptor was also demonstrated [15]. In 

addition, the 5-HT3 receptor is associated with the release of 

pain mediators, such as substance P, in nerve terminals, and 

5-HT3 antagonists have been reported to affect substance 

P-mediated inflammation and hyperalgesia [26]. Through these 

multifactorial actions, several 5-HT3 antagonists have been 

shown to reduce propofol injection pain compared with 

placebo. Ambesh et al. [14] reported that ondansetron reduced 

the incidence of pain and severe pain associated with propofol 

injection relative to placebo (incidence: 25 vs. 55%; severe 

pain: 7.5 vs. 32.5%). Ahmed et al. [27] reported that 

granisetron decreased the overall incidence of pain and severe 

pain on injection of propofol compared with placebo 

(incidence: 15 vs. 60%, severe pain: 2.5 vs. 37.5%). Lee et al. 

[28] reported that ramosetron decreased the incidence of 

injection pain caused by microemulsion propofol, from 96 to 

60%.

Palonosetron is a novel 5-HT3 receptor antagonist that has a 

unique molecular structure and pharmacokinetic profile 

compared with other 5-HT3 receptor antagonists, including a 

longer half-life and greater binding affinity [29]. As a result, 

palonosetron is more effective than ondansetron for preventing 

delayed postoperative nausea and vomiting [30]. In our 

hospital, palonosetron is commonly used as an antiemetic drug 

for the prevention of postoperative nausea and vomiting.

Recently, Ryu and Kim [17] reported that palonosetron 

effectively reduced the propofol injection pain from 60 to 

27.5% compared with a control group; furthermore, no patient 

in the palonosetron group complained of severe pain. Lee et 

al. [18] reported that palonosetron did not reduce the overall 

incidence of propofol injection pain, although it reduced the 

incidence of severe pain from 33% to 3% compared with a 

control group. 

Our results showed that palonosetron did not reduce the 

incidence of overall pain or moderate-to-severe pain on 

propofol injection. We suggest the following three reasons for 

the differences in the results of these studies.

First, the different studies used different formulations of 

propofol. Our study used LCT/MCT propofol, which is 

reported to cause less pain than standard LCT propofol due to 

a decreased free propofol concentration in the emulsion during 

the aqueous phase [5]. LCT/MCT propofol, which is made by 

mixing medium chain triglyceride in standard LCT propofol, 

has a 24.5% decreased free propofol concentration in the 

emulsion in the aqueous phase compared with standard LCT 

propofol [5]. As a result, decreased incidence and severity of 

propofol injection pain, while maintaining the pharmacological 

properties of standard LCT propofol, has been reported for 

LCT/MCT propofol [7]. Larsen et al. [9] reported that 

LCT/MCT propofol decreased the incidence of injection pain 

from 64 to 37% relative to LCT propofol. Yew et al. [10] 

reported that the injection pain associated with LCT/MCT 

propofol is similar to the pain associated with a lidocaine-LCT 

propofol admixture (24%). Furthermore, the lidocaine-LCT/MCT 

propofol admixture confers an additional reduction effect on 

injection pain, from 24 to 4%. Kam et al. [8] reported that 



Jae-Hwa Yoo, et al：Palonosetron and LCT/MCT propofol pain  253󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

the pain-free ratio of LCT/MCT propofol was similar to that 

of a lidocaine-LCT propofol admixture (38 vs. 36% 

respectively), and no patient complained of severe pain. 

Ryu and Kim [17] used LCT propofol (ProviveTM, 

Myungmoon Pharm., Seoul, Korea). Lee et al. [18] used total 

intravenous anesthesia with effect-site target-controlled infusion 

(TCI) using a TCI pump, although they did not state the 

formulation used. In our study, we suggest that the use of 

LCT/MCT propofol was responsible for the lack of group 

differences in moderate-to-severe pain; it may have reduced 

pain severity in all groups.

Second, the doses used were different. We used a full dose 

of propofol, unlike a study that used a 25% dose, for the 

evaluation of pain scores [17]. The use of a reduced dose of 

propofol confers a benefit in that it is possible to measure 

pain scores when patients are awake, but scores may be 

reduced because the concentration to which the vessel wall is 

exposed is reduced. We used a full dose of propofol for 

induction because evaluating the pain encountered in a real 

clinical situation is clinically important. However, our method 

of using a full dose has the disadvantage of rendering the 

evaluation of pain scores difficult because patients fall asleep 

within 1 minute. In our study, when propofol was 

administered, patients initially felt a cool sensation along the 

vein, and then complained of pain about 20 seconds after 

injection. Therefore, pain scores for delayed pain can be 

underestimated because patients fall asleep rapidly. However, 

our pain scores may have been relatively accurate because we 

evaluated pain based not only on patients’ answers but also 

with respect to pain behaviors such as arm movements; 

furthermore, our test conditions were close to the real clinical 

situation of propofol injection pain. We also suggest that the 

use of the total dose explains why there were no group 

differences in the incidence of moderate-to-severe pain in our 

study. 

Third, the methods used were different. Lee et al. [18] used 

total intravenous anesthesia with effect-site TCI, via a TCI 

pump; their dose and speed of injection may have been 

different from ours. This may be another reason for the 

different result.

Using LCT/MCT propofol, the clinical impact of propofol 

injection pain has been markedly reduced. Allford and Mensah 

[6] reported that moderate-to-severe pain on LCT/MCT 

propofol injection was reduced by 54% compared with 

conventional LCT propofol. However, 24–63% of patients still 

suffer from injection pain with LCT/MCT propofol [10,11]. 

Moreover, Sundarathiti et al. [12] reported that 36.4% of 

patients have moderate-to-severe pain (VAS ＞ 4) on 

LCT/MCT propofol injection. Therefore, we believe that further 

research on LCT/MCT propofol injection pain is needed.

Our study has a critical limitation in terms of sample size 

because the propofol formulation used in this study was 

assumed to be equal to that of the previous study that we 

used for calculating the sample size. It is possible that the 

result of the current study has low power and type II error 

due to the relatively small sample size. Further study is 

needed to prove the effect of these drugs on pain on injection 

of LCT/MCT propofol with a larger sample size.

In conclusion, palonosetron pretreatment does not reduce the 

incidence and severity of pain on injection of 1% LCT/MCT 

propofol. Lidocaine pretreatment does not reduce propofol 

injection pain severity, although it reduces the overall incidence 

of propofol injection pain. 
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