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Single pretreatment of remifentanil may reduce pain after
propofol and rocuronium injection in rapid sequence
induction
Yoon Ji Choi1, Han Seok Park2, Han Lee3, and Seung Zhoo Yoon3
1

Department of Anesthesiology and Pain Medicine, Asan Medical Center, 2Aju Pyeonhan Pain Clinic, 3Department of Anesthesiology
and Pain Medicine, Anam Hospital, Korea University, Seoul, Korea

Background: We designed this double-blind, placebo-controlled study to compare the efficacy of remifentanil in
reducing the pain of both propofol and rocuronium injection during rapid-sequence induction.
Methods: Ninety-five patients, scheduled for elective surgery under general anesthesia, were divided into 3 groups:
saline (Group S, n = 31), remifentanil 1 μg/kg (Group R, n = 32), and lidocaine 1.5 mg/kg (Group L, n = 32) were
administered after tourniquet application. The occlusion was released after 1 min and 5 ml of 1% propofol was
injected over 10 s. Pain on propofol injection was evaluated by a 10-point verbal numeric rating scale (VNRS). The
rest of the induction dose of propofol and 1 mg/kg of rocuronium, were injected. Pain on rocuronium injection was
evaluated by a four-point score (FPS).
Results: The VNRS of propofol injection was as follows: R (0.78) = L (1.34) < S (4.26). The incidence of withdrawal
response due to rocuronium was as follows: R (6.3%) < L (53.1%) < S (83.9%). The FPS of rocuronium injection was as
follows: R (0.81) < L (1.78) < S (2.93).
Conclusions: Pretreatment with a bolus of remifentanil was effective in simultaneously reducing injection pain of
propofol and rocuronium. In addition, remifentanil pretreatment was more effective in suppression of withdrawal
response by rocuronium than lidocaine. (Korean J Anesthesiol 2012; 63: 413-418)
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Dual suppression on injection pain

Introduction
Propofol and rocuronium are preferred induction anesthetic
and muscle relaxant for their properties of both a fast onset
and a rapid recovery profile. When a bolus of large amount
(more than 0.9 mg/kg) is used, rocuronium can induce muscle
relaxation within one minute, and is an attractive alternative
to succinylcholine. Therefore, propofol and rocuronium have
often been paired in rapid-sequence anesthesia induction.
However, injection pain by both drugs may hamper the use
of these drugs together in clinical practice [1]. In addition,
the withdrawal response due to injection pain may make
rocuronium a secondary choice to succinylcholine in rapid
sequence intubation [2].
The concept of suppressing the injection pain of both drugs
simultaneously with a single pretreatment may be promising
in that the injection pains of propofol and rocuronium can be
blunted or abolished by similar pretreatments, such as lidocaine
[3,4], opioid [5,6], metoclopramide [7,8], magnesium sulphate
[9,10], or ketamine [11,12]. Accordingly, there are already a few
trials of simultaneous suppression of injection pain from both
drugs with a single pretreatment. To our disappointment, the
trials showed partial effectiveness in simultaneous suppression
of pain on injection of propofol and rocuronium. Reddy et al.
[13] reported that ondansetron is effective in relieving the pain
of propofol and rocuronium, but is not as effective as lidocaine.
In addition, single pretreatment with dexmedetomidine is not
effective in reducing the injection pain of propofol, but may
attenuate the hand withdrawal associated with rocuronium
[14]. Therefore, until now, there has been no drug proven to be
effective in suppressing the injection pain of a simultaneous
propofol and rocuronium.
The exact pathophysiologic mechanism of pain due to
propofol and rocuronium injection is not clearly established.
Suppression of injection pain from propofol and rocuronium
with a single treatment seems to need 2 different mechanisms.
In this regards, remifentanil may be a candidate for pretreat
ment because remifentanil interacts with peripheral and central
μ-opioid receptors [15]. Thus, we designed this double-blind,
placebo-controlled study to compare the efficacy of remifentanil
in reducing the pain of both propofol and rocuronium injection
during rapid sequence induction.

Materials and Methods
After obtaining approval from the Institutional Review Board
and written informed consent, we studied 95 American Society
of Anesthesiologists physical status I-II patients, aged 18-60
years, who were presenting for elective surgery that required
endotracheal intubation. Patients with known allergy to
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propofol, rocuronium, lidocaine, or remifentanil, or who had a
neuromuscular disorder or cognitive impairment were excluded
from this study. Patients were randomly assigned according to
a computer generated random number sequence into one of
3 groups, to receive the following study drug in a double-blind
manner: saline (Group S, n = 31), remifentanil 1 μg/kg (Group
R, n = 32), lidocaine 1.5 mg/kg (Group L, n = 32). Each syringe
volume was made up to 6 ml with normal saline, lidocaine, or
remifentanil. All treatments were prepared by an independent
anesthetist and the investigators were blinded to drug identity.
No premedication was administered before surgery. Upon
arrival in the operating room, patients were instructed to inform
the investigator about the amount of pain they experienced by
use of a 10-point verbal numeric rating scale (VNRS). A 20-G
intravenous cannula was placed in the dorsum of the hand for
administration of study drug. Non-invasive arterial pressure, pulse
oxymeter, electrocardiogram, and train-of-four were monitored.
After 3 minutes of preoxygenation, an elastic tourniquet, 2.2 cm in
width, which is normally used in our hospital to assist intravenous
cannulation, was applied to the patient’s mid forearm. To ensure
standardized venous occlusion, an elastic tourniquet was used
as the pressure of stopping IV infusion. The study drug was then
administered over 10 seconds. One minute after the admini
stration of the study drug, the tourniquet was removed and 5 ml
of 1% propofol (FresofolⓇ, Fresinus Kabi, Austria) was injected
over 20 seconds.
The patients were observed and asked immediately if
they had pain in the arm, and their responses were assessed
by VNRS [14,16]. Then, the rest of the induction dose of pro
pofol (total dose 2 mg/kg) was injected over 10 seconds. After
consciousness was lost, rocuronium 1 mg/kg was given over
10 seconds. The response of the patients to the injection of
rocuronium was assessed with a four-point scale (FPS) by
an independent observer. The score was graded as 0 for no
response, 1 for movement at the wrist only, 2 for movement
involving the arm only (elbow or shoulder), and 3 for genera
lized response or movement in more than one extremity and
reactions such as discomfort or pain (Table 1). We considered
that withdrawal movement had occurred when the FPS was
over 1.
To estimate the sample size, a power analysis revealed
Table 1. Assessment of Withdrawal Movements of Rocuronium
Withdrawal
score
0
1
2
3

Response
No response
Movement at the wrist only
Movement involving the arm only (elbow or shoulder)
Generalized response or movement in more than one
extremity, and reactions such as discomfort or pain
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that 29 patients in each of the 2 groups were required to be
included to detect a 30% intergroup difference in VNRS of
propofol injection pain, at a power of 0.8, an α = 0.05, and a SD
of the underlying population of 0.6 (obtained from preliminary
results). The results were analyzed with one way ANOVA and
Bonferroni’s post hoc test for age, body weight, height, VNRS,
and FPS. The occurrences of withdrawal movements and
gender were analyzed by the χ2-test. A P value of < 0.05 was
considered to be statistically significant.

Results
All 95 patients completed the study. One patient was
excluded from this study, because the patients did not want
to proceed in the study due to anxiety. There were no major
differences between the 3 groups in terms of age, body weight,
height, and gender distribution (Table 2).
All 95 of patients expressed the pain of propofol using NVRS.
The mean VNRS of Group S, Group L, and Group R were 4.26,
1.34, and 0.78, respectively. The mean VNRS of Group S was
higher than Group R and Group L (P < 0.05). However, the
mean VNRS of Group R was not different from Group L (Fig. 1).

The mean FPS of Group S, Group L, and Group R were 2.93,
1.78, and 0.81 (Fig. 1). The mean FPS of Group S was higher
than Group R and Group L (P < 0.05), and the mean FPS of
Group L was higher than Group R (P < 0.05). The incidence
of withdrawal movements due to rocuronium (≥ 1 response)
were as follows: 83.9% in Group S, 53.1% in Group L, and 6.3%
in Group R (Fig. 2). The incidence of withdrawal movements
due to rocuronium was statistically significantly higher in both
Group S and Group L than in Group R. Distribution of FPS
of rocuronium injection was demonstrated that the percent
of 0, 1, 2, and 3 FPS in group S were 16.1, 22.6, 29.1, and 32.3,
respectively. Percent of 0, 1, 2, and 3 of FPS in group L were
46.9, 31.3, 15.6, and 6.3, respectively, and percent of 0, 1, 2,
and 3 of FPS in group R were 93.7, 6.3, 0, and 0, respectively
(Fig. 3). Generalized response or movement in more than

Table 2. Patient Characteristics
Group S (n = 31) Group R (n = 32) Group L (n = 32)
Age (yr)
Sex (M/F)
Weight (kg)
Height (cm)

39.4 ± 12.4
14/17
63.6 ± 11.8
164.8 ± 9.1

42.7 ± 9.8
12/20
61.9 ± 12.0
162.1 ± 10.1

43.9 ± 9.2
10/22
62.2 ± 9.3
162.0 ± 8.8

Data presented as mean ± SD or count. Group S: normal saline, Group
R: remifentanil 1 μg/kg, Group L: lidocaine 1.5 mg/kg.

Fig. 2. The incidence of withdrawal movements due to rocuronium
(≥ 1 response). Data are presented as percent. Group S: normal
saline, Group R: remifentanil 1 μg/kg, Group L: lidocaine 1.5 mg/kg.
*vs Group S, P < 0.05, †vs Group L, P < 0.05.

Fig. 1. Injection pain scores of propofol and rocuronium. (A) VNRS, (B) FPS. Data are presented as mean ± SD. The mean VNRS of Group S was
higher than Group R and Group L. VNRS: verbal numeric rating scale, FPS: four-point scale. Group S: normal saline, Group R: remifentanil 1
μg/kg, Group L: lidocaine 1.5 mg/kg. *vs Group S, P < 0.05, †vs Group L, P < 0.05.
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Fig. 3. Distribution of FPS of rocuronium injection. (A) Group S, (B) Group L, (C) Group R. Data are presented as percent. Group S: normal
saline, Group R: remifentanil 1 μg/kg, Group L: lidocaine 1.5 mg/kg. FPS: four-point scale.

one extremity, and reactions such as discomfort or pain was
the most frequent response to rocuronium injection in group
S, whereas movement at the wrist only is the most frequent
response of rocuronium injection in group R.

Discussion
To our knowledge, our study is the first trial showed that a
single pharmacologic pretreatment may be effective in simul
taneous suppression of injection pain from injection of both
propofol and rocuronium. Our results revealed that single
pretreatment with remifentanil was effective in reducing
both injection pain of propofol and rocuronium. However,
a pretreatment of lidocaine was not effective in terms of
suppressing withdrawal movement due to rocuronium injec
tion.
Propofol can irritate the skin, venous intima, and mucous
membrane [17], and may activate the kallikrein-kinin system
that plays a role in inflammation, blood pressure control,
coagulation, and pain. Propofol, therefore, seems to be related
to release of bradykinin, histamine, and other substances
mediating inflammation. These produce venous dilation and
hyperpermeability that increases the contact between the free
form of propofol in the blood and peripheral nerve endings,
resulting in pain on injection [3,5,18]. In addition, pain-induced
movement immediately appears after injection, and arm
movement usually presented after the drug administration,
and thereby direct irritation of peripheral veins is strongly
suspected. Therefore, previous reports have suggested that
application of a tourniquet on the arm before propofol injection,
in order to keep the drug within the vein [19]. In addition,
this study evaluated the effect of lidocaine or remifentanil on
the pain of propofol injection using a tourniquet technique.
Tourniquet technique allows more time to contact sensory
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endings with lidocaine, and propofol-induced pain is masked
by lidocaine effect as a local anesthetic on the vessel. Lai et al.
[20] revealed that 2% lidocaine works on both nerve trunks
and nerve endings. Furthermore, lidocaine seems to act as a
buffer to prevent direct contact between the peripheral vessel
and propofol [21,22]. Nathanson et al. [5] reported that both 40
mg lidocaine and 1 mg alfentanil had equal effect on reducing
propofol-induced pain. We showed that lidocaine has a similar
effect to remifentanil for propofol injection pain.
The pathophysiologic mechanisms of pain on rocuronium
injection include direct activation of C-nociceptors by the
nonphysiologic osmolality or pH 4 of the solution and release
of endogenous mediators, such as bradykinin and histamine
[22,23]. All of the following have been used for alleviation of the
pain and withdrawal movements caused by rocuronium injec
tion: tramadol [6], midazolam, fentanyl [1,6,24], alfentanil [10,24],
remifentanil [24,25], dexmedetomidine [26], ondansetron [6],
lidocaine [4,6], ketamine [27], magnesium sulphate [10], dilution
of rocuronium with 0.9% NaCl [28], and NaHCO3 [10]. Cheong
and Wong [4] suggested that 30 mg of lidocaine was more
effective to decrease the incidence and severity of rocuronium
induced pain than 10 mg of lidocaine. Reddy et al. [13] showed
that patients receiving 50 mg of lidocaine had a statistically
significant decrease in pain from injection of rocuronium
during forearm elastic tourniquet. In this study, we used the
higher dose of lidocaine (1.5 mg/kg) to prevent propofol or
rocuronium induced pain. Nevertheless, lidocaine did not
alleviate rocuronium induced pain, as much as remifentanil.
One important thing was the timing difference between the
injection of lidocaine and rocuronium (more than 90 s in our
study vs 10 s in Cheong and Wong [4] and 60 s in Reddy et al.
[13]). This different finding explained that lidocaine may have
a short duration in peripheral analgesic effect and did not
last more than 90 s in our study. Therefore, lidocaine must be
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used immediately before injection of rocuronium. Therefore,
lidocaine may not be appropriate for dual suppression.
Remifentanil works on the opioid receptors that are found
in the central terminals of primary afferent nerves and the
dorsal root ganglia, and in peripheral sensory nerve fibers and
terminals [29]. The interaction of remifentanil with peripheral
and central μ-opioid receptors, such as fentanyl that has
a local anesthetic effect on nerves [15], might alleviate the
injection pain on the anesthetic drugs. In the previous studies,
remifentanil administration was reported to be as effective as
lidocaine. Furthermore, pretreatment of remifentanil is likely
to make a deeper level of anesthesia that augments the pain
threshold. However, Ahmad et al. [1] suggested that opioid only
needs an adequate time for the onset of analgesia. In addition,
Roehm et al. [30] reported that remifentanil infusion needs 60 s
to prevent propofol-induced injection pain. Moreover, Memis
et al. [6] used the method that the study drug was given after 20
s tourniquet application to the forearm. In this regard, fentanyl
might not be effective compared to the efficacy of lidocaine,
because there was insufficient time for the onset of the analgesic
effect of fentanyl. In this study, propofol was administered 60
s after remifentanil infusion with the tourniquet technique;
thus, the peripheral effect of remifentanil with the tourniquet
technique is good enough to reduce propofol induced pain.
Previous studies have suggested that ondansetron is not as
effective as lidocaine in alleviating the pain of propofol and
rocuronium [13]. And, single pretreatment with dexmedeto
midine is not effective in decreasing propofol induced injection
pain, and may attenuate the hand or arm withdrawal movement
associated with rocuronium induced pain [14]. On the other
hand, our result showed that pretreatment with a bolus of
remifentanil was effective in simultaneously reducing injection
pain of propofol and rocuronium. In addition, remifentanil
pretreatment was more effective in suppression of withdrawal
response by rocuronium than lidocaine.
In conclusion, single pretreatment of remifentanil can be
used to control pain effectively after propofol and rocuronium
injection in rapid sequence induction.
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