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Abstract

Purpose Various strategies have been studied to reduce
the discomfort of rocuronium injection. This study was
designed to determine the effect-site target concentration
(Ce) of remifentanil at which there was a 50% probability
of preventing movement from pain in response to the
injection of rocuronium (ECs).

Methods Anesthesia was induced with a propofol target-
controlled infusion (TCI, Marsh model) and remifentanil
TCI (Minto model). Effect-site target concentration of
propofol was 3 pg/ml. Ce of remifentanil for the first
patient started at 2.0 ng/ml. Ce of remifentanil for each
subsequent patient was determined by the response of the
previous patient by the Dixon up-and-down method with an
interval of 0.5 ng/ml. After both drugs reached target
concentration, rocuronium 0.8 mg/kg was administered,
and the pain response was observed.

Results The ECsg of remifentanil was 1.5 £ 0.45 ng/ml
by Dixon’s up-and-down method. From probit analysis, the
ECsy of remifentanil was 1.37 ng/ml (95% confidence
limits, 0.69-2.15 ng/ml), and the ECos was 3.19 ng/ml
(95% confidence limits, 2.31-11.24 ng/ml).

Conclusion The ECsq of remifentanil to blunt the with-
drawal responses to rocuronium injection was 1.37-1.5 ng/
ml during 3 pg/ml propofol TCI anesthesia.
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Introduction

Pain on injection is one of the main disadvantages of ro-
curonium during induction of anesthesia. When rocuroni-
um was administered in subparalyzing doses, 50-100% of
patients reported a severe, burning pain [1]. Pain on ro-
curonium injection is a common side effect, reported in
50-80% of the patients [1, 2]. Even after loss of con-
sciousness during induction of anesthesia, intravenous ro-
curonium can still elicit withdrawal movements such as
withdrawal of the injected hand and arm or a generalized
movement of the body [1]. These withdrawal movements
may cause dislocation or displacement of the IV catheter,
causing difficulty in administrating additional drugs and
subsequent risk of cardiovascular activation.

Several reports using different opioids have been pub-
lished to prevent withdrawal reactions during rocuronium
injection in adults with varying results [3-5]. Recently,
there are a few reports of preventing rocuronium-induced
withdrawal movement with a remifentanil injection [6].
Remifentanil 1 pg/kg without the venous occlusion tech-
nique was reported to reduce the incidence of rocuronium-
induced withdrawal movement in children [7]. Remifenta-
nil is a synthetic and esterase-metabolized opioid with a
rapid onset, an ultrashort duration of action, and a stable,
short context-sensitive half-time compared with other opi-
oids [8]. Because of these advantages of remifentanil, it has
often been used as a target-controlled infusion (TCI) com-
bined with propofol for induction or maintenance of anes-
thesia. Despite the benefits of remifentanil, many have been
reluctant to use it as a bolus injection because of side effects
such as muscle rigidity, bradycardia, and hypotension.

There are no studies about the effect-site target concen-
tration (Ce) of remifentanil at which there is a 50% prob-
ability of preventing rocuronium injection pain movement
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(ECs0). This study was designed to evaluate the ECsy of
remifentanil to prevent the withdrawal response associated
with a rocuronium injection in an adult population.

Materials and methods

The study enrolled 45 male and female patients of ASA
class I or II, aged 16-71 years. Written informed consent
was obtained from all patients, and the study was approved
by Hospital Ethics Committees. All patients received
diazepam 0.05 and 0.2 mg/kg glycopyrrolate intramuscu-
larly 1 h before induction of anesthesia, and the intrave-
nous line was kept at the forearm with a 21-gauge IV
cannula for hydration and drug infusion.

We excluded all patients with difficult venous access,
those requiring rapid sequence, those with an allergy to any
of the anesthetic medications or a history of major neuro-
logical or psychiatric problems, and those unable to pro-
vide informed consent. Patients were informed that they
would be receiving a drug at the start of the anesthetic that
may or may not cause pain. When the patients arrived at
the operating rooms, electrocardiogram, noninvasive blood
pressure, and SpO, were monitored. All patients were
preoxygenated for 5 min before induction of anesthesia.

All patients received anesthesia with a combination of
propofol and remifentanil on a concomitant use of running
fluid. Propofol was administered via a target-controlled
infusion system based on a Marsh pharmacokinetic model
using a TCI device (Orchestra; Fresenius-Vial, Brezins,
France). The dose of propofol was an effect-site target-
controlled infusion (TCI) of 3 pg/ml. Because the median
effective concentration of remifentanil in the presence of
propofol was not known, the sample size was calculated
using the up-and-down experimental design described by
Dixon [9, 10].

Remifentanil was administered based on a Minto phar-
macokinetic model [11]. The target effect-site remifentanil
concentration for the first patient was 2.0 ng/ml; For each
subsequent patient, the concentration was determined by
the response of the previous patient. If a patient was ade-
quately anesthetized (i.e., had no response to rocuronium
injection), the target effect-site remifentanil concentration
for the subsequent patient was decreased by 0.5 ng/ml. If a
patient had a response to injection (“response” defined as
withdrawal movement of the wrist, arm, elbow, or shoulder
and even generalized withdrawal movement in more
than one extremity), the target effect-site remifentanil
concentration for the subsequent patient was increased by
0.5 ng/ml. After both of the two drugs reached target
concentrations, 0.8 mg/kg rocuronium bromide, which was
used as an induction dose in our hospital, was injected over
10-15 s at room temperature.

The Dixon up-and-down method was used to determine
the mean and standard deviation of remifentanil ECs,. The
ECsy was determined by calculating the mean of the
midpoint dose of all independent pairs of patients who
manifested crossover from “response to injection” to
“nonresponse to injection” after eight crossover points. At
least seven pairs of failure—success are necessary for sta-
tistical analysis.

Heart rate (HR) and mean arterial pressure (MAP) were
recorded and compared between before drug infusion and
after the target Ce of both drugs was reached. If the MAP
decreased below 50 mmHg, ephedrine 0.25 mg/kg was
scheduled.

Data were also analyzed using a probit regression
model. The probit regression model is used to estimate the
effect of the explanatory variables when the response is a
series of binomial results. The changes of HR and MAP
were analyzed with a paired ¢ test or a signed-rank test.
Data were plotted and analyzed using Sigma Plot 9.0 and
SPSS 12.0 (SPSS, Chicago, IL, USA). Values were
expressed as mean £ SD, mean (95% confidence intervals,
CI), or number of patients. P < 0.05 was considered to be
statistically significant.

Results

Forty-five subjects aged 16-71 years were enrolled, and all
subjects completed the study protocol. No patient had
bradycardia, hypotension, or oxygen desaturation. The
patient demographics are included in Table 1. No patient
experienced clinically significant hemodynamic changes
during the study.

Even though HR and MAP decreased in statistical sig-
nificance, the decrease of HR and MAP was not of clinical
importance (Table 2). Those changes were not so low that
the patients needed inotropics such as ephedrine.

The effect-site concentration of propofol and remifen-
tanil reached the targets after start of infusion within 3 min
40 s and 1 min 30 s, respectively. Dose-response data for
each patient, which were obtained by the up-and-down
method, are shown in Fig. 1. The predicted ECsy of

Table 1 Patient demographics

Characteristics Data
Age (years) 414 + 16.1
Height (cm) 164.7 + 9.6
Weight (kg) 62.5 £ 10.1
Gender (M/F) 20/25

Data are shown as mean £ SD or frequency
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Table 2 Changes in mean arterial blood pressure and heart rate

HR MAP
Beats/minute P value mmHg P value
Baseline 773 £ 174 93.0 £ 16.8
(median, 79)
After infusion  66.9 £ 13.6 <0.001 842+ 142 <0.001

(median, 69)

Data are shown as means = SD
HR heart rate, MAP mean arterial pressure

Baseline, before administration of drugs; after infusion, after Ce
(effect-site target concentration) of both remifentanil and propofol
reached target concentration

Fig. 1 Consecutive 3.0
remifentanil concentration
following the Dixon up-and-
down method. Arrows represent
the mean remifentanil
concentration when crossing
from a response (black circles)
to a nonresponse (white circles)
for rocuronium injection. The
average of these concentrations
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remifentanil was 1.5 £ 0.45 ng/ml by the Dixon up-and-
down method.

Probit analysis resulted in the ECs, of remifentanil of
1.37 ng/ml (95% confidence limits, 0.69-2.15 ng/ml) and
the ECos of 3.19 ng/ml (95% confidence limits, 2.31-
11.24 ng/ml) (Fig. 2).

Discussion
The purpose of this study was to describe the effect-site

target concentration of remifentanil at which there is a 50%
probability of preventing the rocuronium injection pain
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movement when used in combination with propofol TCI of
3 pg/ml.

The need to reduce withdrawal movement or pain during
rocuronium injection has encouraged many different
approaches such as using local anesthetics, opioids, sodium
bicarbonate, and dilution [3-5, 7, 12]. The exact mecha-
nism of rocuronium-induced localized pain has not been
established, but it has been reported that the pain may be
caused by the activation of nociceptors by the osmolality or
pH of the solution, or activation by the release of endog-
enous mediators such as histamine, kinin, and other sub-
stances mediating inflammation [1, 13].

Among these agents, pretreatment with opioids has been
shown to prevent withdrawal movements during rocuro-
nium injection with varying results [3-5, 7]. Ahmad et al.
[3] suggested that the central analgesic effect of opioid
only occurs if adequate time is allowed for the onset of
analgesia, whereas pretreatment with drugs with local
anesthetic property is effective when the drug is adminis-
tered immediately before, or with, a venous occlusion
technique.

To have interaction with peripheral opioid receptors,
opioids must remain in the body for a certain period of
time. Roehm et al. [14] reported this period for remifentanil
infusion to be 60 s in the prevention of propofol-induced
injection pain. In this study, remifentanil was administered
over 90 s with a TCI pump on running fluid without the
venous occlusion technique; thus, the peripheral effect of
remifentanil is less likely.

Remifentanil 1 or 0.5 pg/kg was already known to be
effective in preventing rocuronium-induced withdrawal
movement [15]. The incidence of withdrawal movements
was reduced further with remifentanil at 1 pg/kg compared
with that at 0.5 pg/kg. Considering these result, a dose-
dependent effect of remifentanil in attenuating withdrawal
is suspected. Regardless of the mechanism, it is likely that
pretreatment with remifentanil has resulted in a deeper
level of anesthesia, which elevates the pain threshold, and
thus explains the decreased incidence of withdrawal
movements. Further research to determine the optimal
bolus dose of remifentanil required for the prevention of
withdrawal movement with better hemodynamic stability is
needed.

As compared with these previous studies, we tried to
maintain a relatively low target effect-site concentration of
propofol to minimize hemodynamic instability [16, 17].
Taylor et al. [18] reported that patients lost consciousness at
a blood concentration of propofol of 9 pug/ml when a single
bolus dose of propofol 2.5 mg/kg was administered, but the
concentration at the effect site is only about 3.5 pg/ml.
There was a positive interaction between remifentanil and
propofol when used in combination. The concentration
of propofol alone associated with a 50% probability of no

response to esophagogastroduodenoscopy was 3.7 pg/ml,
and this level was decreased to 2.8 ng/ml when used in
combination with remifentanil in children [19].

The pharmacokinetics and pharmacodynamics of rem-
ifentanil are known to be influenced by patient age. We
delivered remifentanil with effect-site TCI according to the
Minto model. Minto et al. [11] stated that the pharmaco-
kinetics and pharmacodynamics of remifentanil are influ-
enced by age, not by gender, and they developed
remifentanil dosing guidelines in consideration of age, sex,
and lean body mass. This study was not focused on a
specific population but on the general population including
elderly patients. Even though the age of the population in
this study varied from young to elderly persons, the study
population passed the normality test of Kolmogorov—
Smirnov, and the pharmacological effect of remifentanil on
age was already reflected in the Minto’s TCI model.

The Dixon up-and-down method has been commonly
used in anesthesia research and has advanced in regard to
its methodology. In some reports, the target concentration
was selected in a logarithmic manner [20], and in other
reports, the concentration was not transformed to a loga-
rithmic scale. Logarithmic scale transformation could be
performed merely for mathematical reason, not because of
pharmacological problems. A slightly more accurate ECsy
is seen with the logarithmic scale if the number of objects
is the same as with the nontransformed method, and the
logarithmic scale can help researchers to reduce the num-
ber of objects if the accuracy is same as with the non-
transformed method.

One of the limitations is that we administered midazo-
lam to patients for premedication. Midazolam would have
an influence on the ECs( of remifentanil, even though the
exact interrelationship such as an additive or synergistic
effect on the analgesic effect of remifentanil was not
known.

Another limitation of this study is the wide range of
confidence intervals of ECsy and ECys. Basically, the
precision of the estimator may be narrowed by increasing
the sample size, but that is not the purpose of up-and-down
methods. The sample size of this study is sufficient for the
up-and-down method. In addition, the precision of up-and-
down methods is dependent on the gap between doses and
starting dose. If the gap between doses is larger than the
standard deviation, the CI is larger and depends somewhat
on the starting level [9]. To increase the precision of the
final estimator, altering the test space could be done in the
course of an up-and-down sequence. That is, this modified
up-and-down sequence is composed of two stages. The first
stage consists of an original up-and-down sequence on the
predetermined equally spaced test levels until three to four
changes of response type are observed. The second stage
consists of reducing the initial test space and restarting the
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up-and-down sequence at the nearest level to the average
and continuing the experiment at the next higher or the
next lower level according to the response type on the
reduced test space. Applying the foregoing modified up-
and-down methods to this study, narrowing the gap
between the doses after the fourth pairs of “response—
nonresponse” would have resulted in a more precise con-
fidence interval.

In conclusion, the ECs, Ce of remifentanil to prevent the
withdrawal response was 1.5 + 0.45 ng/ml with Dixon’s
up-and-down method using a Ce of 3.0 pg/ml propofol
TCI. From the probit analysis, the ECsq and ECgs of
remifentanil were 1.37 ng/ml (95% CI, 0.69-2.15 ng/ml),
and the ECys was 3.19 ng/ml (95% CI, 2.31-11.24 ng/ml),
respectively.
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