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Effect of rocuronium on the bispectral index
under anesthesia and tracheal intubation
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Abstract. The aim of the present study was to investigate
the effect of various doses of rocuronium on bispectral
index (BIS) responses to propofol induction and tracheal
intubation, as well as the role of the non-depolarization
muscle relaxant rocuronium on the depth of sedation. A
total of 72 patients (American Society of Anesthesiologists
physical status I-IT) were anaesthetized with propofol using
a target-controlled infusion, and randomly divided into two
sedation level groups (n=36). The patients were divided
into 2 groups according to the BIS value: A normal seda-
tion group (group 1), with a stable BIS value at 40-60, and
a deep sedation group (group 2), with a BIS value <20 or
with burst suppression. Each group was randomly divided
into 4 subgroups A-D (n=9) according to the various doses of
rocuronium (0.3,0.6,0.9 and 1.2 mg/kg). Tracheal intubation
was performed after 2 min of rocuronium administration.
BIS, electromyography (EMG), heart rate (HR) and mean
arterial pressure (MAP) were recorded continuously and
averaged over 1 min during baseline (T1), steady state (T2),
2 min after rocuronium infusion (T3), and 0, 2 and 5 min
after tracheal intubation. The results demonstrated that HR
and MAP decreased significantly at T2 and T3 compared
with T1. Following tracheal intubation (L0), HR and MAP
significantly increased compared with T2 and T3, and
returned to levels similar to those prior to intubation after
5 min. In group 1C and 1D, BIS was significantly decreased at
T3 compared with T2; BIS was significantly increased at LO
compared with T3 in group 1A and 1B. EMG at earlier stages
of anesthesia was significantly higher compared with other
points, and was significantly increased at LO compared with
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T3 in group 1A and 1B. These results demonstrated that BIS
response may be associated with the dosage of rocuronium
in the normal sedation group, although no association was
observed with the deep sedation group. Tracheal intubation
resulted in marked hemodynamic changes under both normal
and deep sedation.

Introduction

Asanimportant adjunct to anesthesia, muscle relaxants ensure
that body movement does not occur in anesthetized patients
and provide improved surgical conditions. Muscle relaxants
are able to not only reduce the use of other anesthesia drugs,
but also decrease the deleterious effects of deep anesthesia
on the cardiovascular system (1). However, previous studies
demonstrated that the probability of intraoperative aware-
ness in patients administered muscle relaxants under general
anesthesia was higher compared with patients who were not
administered muscle relaxants (2,3). In addition, patients
treated with muscle relaxants showed increased postoperative
injuries following intraoperative awareness during general
anesthesia, as compared with patients who were not treated
with muscle relaxants (4). Using electroencephalograph
(EEG) algorithms to determine muscle activity, it has been
observed that muscle relaxants exert some interference on
the judgment and detection of anesthetic depth.

Bispectral index (BIS) is a signal processing technique
combining EEG, electromyography (EMG) and a previously
collected statistical database of patterns (3,5). The BIS monitor
reports a number from 0-100, with 100 representing the awake
state and O representing complete EEG inactivity (6). BIS is
used to monitor the depth of anesthesia (4).

Two primary mechanisms have been proposed to underlie
the effects of muscle relaxants on the depth of anesthesia:
Firstly, the neuromuscular inhibition caused by muscle relaxants
may directly affect the depth of anesthesia. Secondly, muscle
relaxants inhibited EMG activities and influenced the moni-
toring of the depth of anesthesia, although muscle relaxants did
not directly affect the depth of anesthesia. The first mechanism
may be associated with a decrease in muscle-generated sensory
inputs to the brain, and explains why rocuronium has been
demonstrated to reduce halothane requirement and increase the
depth of anesthesia (7). The second mechanism suggested that
EMG activity just increased BIS values for general anesthetic
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patients, but their actual sedation depth was not changed (8,9).
In addition, the BIS significantly decreased and sedate status
did not changed in patients in intensive care units, which may
further confirm the validity of this mechanism (10).

Our previous studies demonstrated that propofol concen-
tration and BIS correlated with the depth of sedation when
propofol was used alone and in the absence of noxious
stimulation, compound analgesics and muscle relaxants (4,11).
Muscle relaxants as anesthesia depth indicators may influence
or interfere with the anesthetic dose and depth of sedation (5).
Under a state of deep sedation, due to the inhibitions of EMG
activity and afferent signals, muscle relaxants may lose their
indicative role for anesthetic depth. Kawaguchi er al (12)
reported that in the case of anesthesia using only propofol, a
non-depolarizing muscle relaxant rocuronium would cause a
dose-dependent inhibitory effect on the increase of entropy
and BIS values following intubation.

The study hypothesized that under general anesthesia,
propofol only induces both normal sedation and deep sedation.
After various doses of muscle relaxants were administered and
tracheal intubation was carried out, the changes in BIS and
EMG were compared during the process of anesthesia induc-
tion, and prior to and following tracheal intubation. In addition,
the mechanism underlying the effects of muscle relaxants on
anesthesia depth was discussed.

Materials and methods

Patients. Ethical approval was obtained from the ethics
committee of the Tianjin Medical University Cancer Institute
and Hospital (Tianjin, China), and informed consents
was obtained from the patients. A total of 72 patients
(American Society of Anesthesiologists physical status I-II;
age, 20-60 years) underwent anesthesia via endotracheal intu-
bation for elective surgery. The exclusion criteria were as
follows: Pregnancy; neurological, psychiatric and endocrine
system diseases; cardiovascular and respiratory diseases;
history of drug or alcohol dependency; neuromuscular
blocking drug allergies; liver and kidney dysfunction;
patients who were difficult to intubate and ventilate; and a
body weight >120 or <80% of the ideal body weight.

Data acquisition. None of the patients were medicated under
any drugs. Following opening of venous access, administra-
tion of intravenous drip Lactated Ringer's solution (Otsuka
Pharmaceutical Co., Ltd., Tianjin, China) and connection
to Datex-Ohmeda S/5 monitoring equipment, electrocar-
diogram, non-invasive blood pressure and pulse oximetry
finger were routinely monitored (13,14). Subsequently, the
foreheads of the patients were treated with alcohol, and a BIS
VISTA™ monitoring system-specific electrode was placed.
Skin electrical impedance was maintained at <5 ka. A BIS
VISTA™ monitor (Aspect Medical Systems, Inc., Natick,
MA, USA) was connected to monitor the BIS. BIS and raw
EEG data were collected in real-time using a RS232 serial
port, with a sampling frequency of 128 samples/sec. The
acquired data were used for subsequent analysis.

Anesthesia. Propofol (AstraZeneca, Basiglio, Italy) alone
was administered by target-controlled infusion for anesthesia
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induction in all patients. The initial target concentration was
3.0 ug/ml, until the patients lost consciousness and under-
went mask ventilation. Target concentration increased to
0.5 ug/ml/4 min to adjust the BIS value. The patients were
randomly divided into 2 groups with 36 patients in each
group. The BIS value was stable at 40-60 in group 1, which
was termed the normal sedation group; the BIS value was
<20 or with burst suppression in group 2, which was termed
the deep sedation group. After maintaining the target BIS for
4 min in the 2 groups, the target plasma concentration and
effect-site concentration reached a steady state, following
which the target concentration of propofol did not change.

When they reached a steady state, the patients in
the 2 groups were randomly divided into A, B, C and D
subgroups (n=9) according to the various doses (0.3, 0.6,
0.9 and 1.2 mg/kg) of rocuronium (Merck & Co., Inc.,
Kenilworth, NJ, USA). Tracheal intubation was carried out
2 min after rocuronium administration. The BIS, EMG, heart
rate (HR) and mean arterial pressure (MAP) were recorded
prior to induction of anesthesia (T1), during the steady state
(T2), following administration of rocuronium for 2 min
(T3), and 0, 2, and 5 min following intubation (LO, L2 and
L3, respectively). The target concentration of propofol was
adjusted 5 min following the completion of intubation, and
the BIS was maintained at 40-60 prior to the surgical proce-
dure. Ephedrine (Northeast Pharmaceutical Group Co., Ltd.,
Shenyang, China) was administered to increase blood pres-
sure when MAP was <70 mmHg and atropine (Tianjin Jinyao
Amino Acid Co., Ltd., Tianjin, China) was administered to
reduce the target concentration of intravenous anesthetics
when HR <50 beats/min during induction. All the patients
were kept at stable circulation with stable vital signs. The
patients who showed marked body movement during intu-
bation and those with an intubation time >l min were not
included in the statistical analysis.

Statistical analysis. Statistical analyses were performed
using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). The data
were expressed as means + standard deviation, and non-match
two-tailed t-tests or two-way analysis of variance were used
to analyze the difference. A Student-Newman-Keuls-q test
was used to compare two groups; however, if the data was
not normally distributed or exhibited heterogeneity of vari-
ance, a non-parametric test was used. The change in BIS
and the doses of rocuronium were analyzed by the curve
fitting. P<0.05 was considered to indicate a statistically
significant result.

Results

Patient information including age, weight and gender are
presented in Table I, and were not significantly different
between patients (P>0.05). Changes in HR and MAP prior
to induction of anesthesia (T1), during steady state (T2),
following administration of rocuronium for 2 min (T3),
and 0, 2 and 5 min following intubation (LO, L2 and L3,
respectively) are presented in Tables II and III. The results
demonstrated that compared with T1, HR and MAP at T2
and T3 significantly decreased (P<0.05). However, HR and
MAP significantly increased at LO compared with T2 and
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Table I. Patient information including age, weight and gender.

Group Age Weight (kg) Gender (man/woman)
1A 48+4 63.4+5.8 5/4
1B 41+8 66.5+£5.0 6/3
1C 44+8 67.6x4.2 6/3
1D 43+6 61.8+6.3 4/5
2A 46+4 67.2+5.5 5/4
2B 45+8 68.5+4.3 6/3
2C 46+5 69.1£3.2 5/4
2D 50+3 66.7+4.90 6/3

Table II. Changes in HR prior to induction of anesthesia
(T1), during steady state (T2), following administration of
rocuronium for 2 min (T3), and 0, 2 and 5 min after intubation
(L0, L2 and L3, respectively).

Following intubation
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Table III. Changes in HR prior to induction of anesthesia
(T1), during steady state (T2), following administration of
rocuronium for 2 min (T3), and 0, 2, and 5 min following
intubation (L0, L2 and L3, respectively).

Following intubation

MAP

(mmHg) T1 T2 T3 LO L2 L5
1A 10945  96+5* 93+6*  110+7°¢ 100+6 98+4
1B 105£7 8942 90+7* 108+8"c 90+9 8643
1C 103+4  85+5* 83+8* 112+7°¢ 93+4 86+6
1D 10445 86+4* 87+6% 115+5°¢ 89+7 84+4
2A 10148  72+3*  73+9*  04+4°¢ 8445 T79+7
2B 105£10  77+6% 75+4* 9648 81+6 7T6+5
2C 10344 74+4% 7746 101+4°° 85+4 73+3
2D 101£6  73+£5* 71+3*  92+6°¢ 87+6 7245

*MAP at T2 and T3 significantly decreased compared with T1
(P<0.05); "*MAP at LO significantly increased compared with T2 and
T3 (P<0.05). MAP, mean arterial pressure.

HR

(beats/min) T1 T2 T3 LO L2 L5
1A 78+5  70+£10° 7243 92+7°¢ 80+8 7248
1B 8243 73+5% 7448 90+10°¢ 78+6 T4+5
1C 7246 66x4"  T0£3* 856" T6+7 68+7
1D 767  68+6% 69+4  89+5°¢ 7043 65+8
2A 79+8 62+5% 6448 T443°¢ 5745 5244
2B 80+5 604" 6243 7544 64+7 60+6
2C 74+7  55+£7%  50+6°  69+7°¢ 5648 58+3
2D 70+6  56x5%  55+4* 7044 5445 5147

‘P<0.05, HR at T2 and T3 was significantly decreased compared with
T1;*P<0.05, HR at LO was significantly increased compared with T2
and T3. HR, heart rate.

T3 (P<0.05). The change rate of hemodynamics in the deep
sedation group was less marked compared with the normal
sedation group. HR and MAP in each group returned to
levels to those prior to intubation after 5 min.

The changes in BIS in each group are presented in Fig. 1.
The results demonstrated that BIS at T1 was significantly
higher compared with the other time points (P<0.05). The
BIS of groups 1C and 1D at T3 were significantly lower
compared with T2 (P<0.05). The BIS of groups 1A and 1B
at LO were significantly higher compared with T3 (P<0.05).
These results suggested that the BIS of groups 1A and 1B
increased immediately following intubation.

The changes in EMG in each group are presented in
Fig. 2. The results demonstrated that the EMG values at
T1 were significantly higher compared with other time
points (P<0.05). The EMG value of group 1D was signifi-
cantly lower at T3, compared with T2 (P<0.05). The EMG
values of groups 1A and 1B at LO were significantly higher
compared with T3 (P<0.05). These results suggested that
the EMG of groups 1A and 1B increased immediately
following intubation.

BIS profile in groups
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Figure 1. Changes in BIS in each group (means + standard deviation; n=9) prior
to induction of anesthesia (T1), during steady state (T2), following administra-
tion of rocuronium for 2 min (T3),and 0, 2, and 5 min following intubation (LO,
L2 and L3, respectively). "P<0.05, BIS at T1 was significantly higher compared
with the other time points; “P<0.05, BIS of groups 1C and 1D at T3 were signifi-
cantly lower compared with T2; “P<0.05, BIS of groups 1A and 1B at LO were
significantly higher compared with T3. BIS, bispectral index.

Discussion

With the development of various anesthesia drugs, novel muscle
relaxants and anesthetic techniques have also been developed
and applied; numerous clinical signs of general anesthesia are
no longer regular and specific. Therefore, it is difficult to define
the concept of general anesthesia and provide clear indications
of a sedated state. Muscle relaxation lead to the decrease or
disappearance of EMG near the electrodes, which in turn
decreases the BIS. The indicative role of BIS on anesthesia
depth is then affected. When monitoring indicators of depth
of anesthesia, the numerical range of the depth of anesthesia
(80-100, awake; 60-80, mild sedation; 40-60, anesthesia; <40,
deep sedation) reflects the state of consciousness of a patient.
A larger fluctuation range makes it more difficult to determine
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the state of consciousness of the patient using the index (15).
Therefore, the present study aimed to study the impact and
possible mechanism underlying the effects of muscle relaxants
on depth of anesthesia.

Morimoto et al (16) investigated the association between
BIS and EEG using nitrous oxide/isoflurane anesthesia. The
authors developed a new index called burst-compensated
spectral edge frequency 95%, derived from the burst suppres-
sion ratio and spectral edge frequency, which is the product
of the power spectrum analysis (16). The results revealed that
BIS values may be calculated from Beta Ratios under shallow
sedation (16). However, during deep anesthesia, synch fast
slow (17) reflected power changes in EEG that were superior
to changes in phase coupling in EEG. This suggests that synch
fast slow predominantly reflected power changes in EEG, and
BIS changes were largely due to power changes in EEG during
deep anesthesia; and the impact of the EEG phase coupling is
less marked than the EEG power.

Non-depolarizing muscle relaxants competed with acetyl-
choline for the nicotinic receptors, which are located at the
motorial end-plate of striated muscles. Muscle relaxants cause
muscle fibers to be in the polarization state and thus to have
blocked ion channels. There were no end-plate potential acti-
vated excitement-contraction couplings, which suggests the
blocked conduction between motor nerve terminals and stri-
ated muscles induced muscle relaxation. Previous studies have
suggested that non-depolarizing muscle relaxants may have
sedative effects (18,19). Muscle stretch receptors activate the
cerebral center, and non-depolarizing muscle relaxants inhibit
the activity of stretch receptors, which results in sedation (20).

In the present study, patients were anesthetized with
propofol using a target-controlled infusion, and these patients
were randomly divided into 2 sedation groups. Each group was
randomly divided into 4 subgroups A-D (n=9), according to the
various doses of rocuronium used (0.3,0.6,0.9 and 1.2 mg/kg).
The results of the present study revealed that the BIS of
groups 1C and 1D at T3 were significantly lower compared
with T2 (P<0.05), and EMG changes were not statistically
significant. This suggests that high doses of rocuronium effec-
tively inhibited the activity of muscle stretch receptors, and
afferent impulses from the muscle spindle to the wake center
decreased. This resulted in the absence of painful stimulus
and decreased BIS. These results were concordant with the
hypothesis of muscle spindle afferents (21). Since there were
no significant differences in EMG, the interference of frontal
electromyography (fEMG) on BIS did not occur. Although
EMG and BIS values in the other two groups (0.3 and 0.6
mg/kg rocuronium) decreased, the differences were not
statistically significant. Therefore, it may be hypothesized
that rocuronium causes an afferent decrease in impulses from
the muscle spindle to the wake center, which results in deeper
sedation and decreased BIS.

EMG and BIS in the deep sedation group (group 2) at T2
and T3 exhibited no significant changes (P>0.05). This suggests
that under deep sedation and in the absence of harmful stimuli,
the inhibition of the central awakening by propofol was stronger
than muscle spindle afferent impulses. The other possibility is
that muscle relaxants eliminate EMG artifacts, which results
in decreased BIS (22). fEMG may be inhibited by deep seda-
tion which in turn counteracts rocuronium, thereby producing
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Figure 2. Changes in EMG in each group (means + standard deviation; n=9)
prior to induction of anesthesia (T1), during steady state (T2), following admin-
istration of rocuronium for 2 min (T3), and 0, 2, and 5 min following intubation
(LO, L2 and L3, respectively). "P<0.05, EMG at T1 was significantly higher
compared with other time points; "P<0.05, EMG of groups 1A and 1B at LO
were significantly higher compared with T3. EMG, electromyography.

no statistically significant different in EMG and BIS. Muscle
relaxants had no effect on BIS in the absence of EMG artifacts
during deep sedation.

Endotracheal intubation is the most important harmful
stimuli during anesthesia induction. This causes circulatory
system fluctuations in the brain subcortical central (23).
Cortical excitability awakes the patient (24), and may even
lead to intraoperative awareness (25). Intubation during
propofol anesthesia significantly increased BIS (4). However,
other investigators observed that intubation did not have an
impact on BIS, and may lead BIS to increase (26,27). When
sevoflurane is used alone, BIS was able to better monitor
changes in the depth of anesthesia during endotracheal
intubation; when combined with rocuronium, intubation
conditions improved, the stress response caused by endo-
tracheal intubation decreased, and the sensitivity of BIS
decreased (28).

In the present study, BIS and EMG in groups 1A and 1B
at LO were significantly higher than at T3 (P<0.05), and
conversely EMG and BIS in groups 1C and 1D exhibited
no statistically different changes (P>0.05). Various doses
of rocuronium had different muscle paralysis effects.
Rocuronium inhibited myoelectric activities following intuba-
tion, which suggested the increased BIS may be associated
with rocuronium. Therefore, high doses of rocuronium did not
significantly increase BIS; increased BIS caused by low doses
of rocuronium may be associated with intubation stimulation
and fEMG. Furthermore, when muscle activity was excited,
the stretching or contraction of muscle fibers continued to
increase muscle afferent activities, and cause afferent impulses
caused excitation in the brain.

BIS and EMG in each group did not significantly change
(P>0.05) under deep sedation. This suggested that deep seda-
tion inhibited the effects of intubation on BIS, results which
are concordant with those of Morimoto et al (16). Under deep
sedation, brain cell activity was inhibited, brain efficiency
was decreased, and the inhibitory effect of propofol on
brain awakening was significantly increased. Muscle spindle
afferent impulses at this time may have been under the
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central brain arousal threshold, and the incoming excitatory
stimulus was not sufficient to awaken the central nervous
system (16).

BIS and hemodynamics are sensitive to stress response
triggered by noxious stimuli such as endotracheal intubation
and skin incisions (29). Guignard et al (24) also demonstrated
that BIS was able to accurately reflect the degree of noxious
stimuli during tracheal intubation. The results of the current
study revealed that HR and MAP decreased in each group
at T2 and T3, and significantly increased at LO compared
with T3 (P<0.05). However, changes in hemodynamics in the
normal sedation group were significantly better compared
with the deep sedation group. Rate-pressure in each group
returned to the levels similar to those prior to intubation
5 min after intubation. This suggests that endotracheal
intubation may result in significant hemodynamic changes,
and HR and MAP increases both under general sedation and
deep sedation. In addition, the various doses of rocuronium
had no significant effect on hemodynamics.

Since this study was based on clinical research, following
experimentation the patients remained sedated and underwent
surgical procedures. Therefore, an awake rocuronium test
group was not established. However, previous studies have
reported that under BIS and EMG simultaneous monitoring,
patients were able to communicate with the researchers when
succinylcholine was given without any other anesthetics.
These results revealed that BIS values decreased rapidly
following administration of succinylcholine, which is similar
to sedation under anesthesia. At the same time, fEMG activity
disappeared. BIS recovery exhibited a correlation with EMG
activity recovery (29). These results revealed that muscle
relaxants alone are unable to sedate patients, however BIS
decreased and induced a state of sedation.
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