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Abstract Objective: To investigate
whether neuromuscular block can af-
fect bispectral index (BIS) or cerebral
hemodynamics under moderate or
deep sedation produced by propofol.
Design and setting: Prospective,
controlled study in a university hos-
pital affiliated intensive care unit.
Patients: Seventeen surgical patients
undergoing elective esophagectomy.
Interventions: After stabilization
with either light or deep sedation
we investigated whether the BIS,
electromyographic activity (EMG),
or cerebral and systemic hemody-
namic parameters were affected by
administration of muscle relaxant.
Measurements and main results:
Neuromuscular block reduced the
BIS during moderate sedation but
not during deep sedation although
the EMG at both levels of seda-
tion was significantly reduced. No
positive effects of neuromuscular
block on cerebral hemodynamics
were obtained with monitoring of
regional cerebral oxygen saturation
and middle cerebral artery blood

velocity; however, significant effects
on systemic hemodynamic parame-
ters were observed only at moderate
propofol sedation. The values of BIS
and systemic hemodynamic vari-
ables with moderate sedation were
also very similar to those with deep
sedation and neuromuscular block
although these values differed without
neuromuscular block. Conclusions:
Neuromuscular block altered the BIS
score in moderately sedated patients
but not in deeply sedated patients
although cerebral hemodynamics
was not affected by neuromuscular
block during either moderate or deep
sedation. Muscular relaxant also
enhanced cardiovascular stability
with moderate sedation. These results
suggest that level of consciousness
may be decreased by neuromuscular
block during moderate sedation but
not affected during deep sedation.
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Introduction

Several objective methods have recently been evaluated for
monitoring the depth of sedation based on processed elec-
troencephalography (EEG) in critically ill patients [1, 2, 3,
4, 5, 6, 7, 8]. One of these is the bispectral index (BIS), an
EEG-based objective scale ranging in value from 0 (iso-
electric EEG) to 100 (fully awake) that is derived from
power and frequency data by the fast Fourier transforma-

tion of the raw EEG and an algorithm statistically and em-
pirically based on a large EEG database. It has been shown
that this scale is correlated with subjective assessment of
the depth of sedation in critically ill patients. However, re-
liability of the BIS as an objective monitoring method in
the intensive care unit (ICU) is still a matter of debate [3, 4,
5, 6, 7, 8]. Several investigators have reported that mus-
cular relaxants decrease the BIS score in fully awake or
moderately sedated patients but does not alter it in those
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who are deeply sedated or anesthetized [9, 10, 11, 12].
Electromyographic activity (EMG) can interfere with EEG
state in nonparalyzed persons, and it is therefore thought
that alteration in the BIS score by neuromuscular block
(NMB) is due to removal of the interference of EMG. It has
therefore been concluded that the indirect effects of NMB
on level of consciousness are negative [9, 10, 11, 12].

Originally proposed 50 years ago, the “afferent
muscle spindle theory” states that signals from muscle
stretch receptors stimulate arousal center in the brain [13,
14]. According to this theory, paralysis may reduce
signals from muscle stretch receptors that normally
contribute to arousal [9, 13]. In this was paralysis may
indirectly affect cerebral activity and induce alteration
in cerebral hemodynamics, although this may not be
sufficient to affect the level of consciousness as assessed
by the BIS.

It is possible that removing the interference of EMG
by NMB would alter both cerebral hemodynamics and
the BIS in moderately sedated patients, who appear
to have substantial EMG interference. On the other
hand, NMB may hardly affect either the BIS or cerebral
hemodynamics in deeply sedated patients, who appears
to have little EMG effect. This study was conducted
to investigate whether NMB can affect BIS or cere-
bral hemodynamics at two different levels of sedation
produced by propofol: nonresponsive and asleep but
responsive to stimuli. We monitored BIS, EMG, re-
gional cerebral oxygen saturation, and cerebral blood
velocity as indirect indices for cerebral hemodynam-
ics. Because muscular activity can also affect systemic
hemodynamics, we also measured blood pressure, heart
rate (HR), and cardiac output, and oxygen delivery and
consumption.

Materials and methods

After institutional approval and informed consent 17 sur-
gical ICU patients who underwent elective esophagectomy
with thoracotomic approach were enrolled. One patient
was excluded because of a blood gas sampling error;
therefore 16 patients were evaluated in this study (13 men,
3 women; age 62 ± 9 years; weight 59 ± 5 kg; height
161 ± 8 cm). All patients were managed with propofol-
and fentanyl-based anesthesia combined with epidural
block during surgery. Patients with symptomatic ischemic
heart and cerebral disease, hepatic or renal disease, or
neuromuscular disease were excluded. Patients were
included in this study only after confirming the lack of
an effect of residual muscular relaxant. The lungs of
these patients were mechanically ventilated and con-
tinuously sedated with propofol and epidural morphine
(3 mg/day) and 1% lidocaine (2 ml/h) for 12–24 h after
surgery according to the institutional standard protocol for
the ICU patients. Propofol was started with continuous

infusion at an initial hourly dose of 2 mg/kg, which was
modulated in steps of 0.5 mg/kg per hour to maintain
a sedation score on the Ramsay et al. [15] scale equal
to 4 or 5. This scale has the following values: 1, the patient
is anxious and agitated or restless, or both; 2, the patient is
cooperative, oriented, and tranquil; 3, the patient responds
to commands only; 4, the patient exhibits brisk response
to light glabellar tap or loud auditory stimulus; 5, the
patient exhibits a sluggish response to light glabellar tap
or loud auditory stimulus; and 6, the patient exhibits no
response.

Upon arrival in the ICU patients were monitored with
standard equipment including continuous electrocardio-
graphy, capnograpy, and pulse oximetry. Systemic and
pulmonary artery pressure, continuous cardiac output,
mixed venous oxygen saturation, and blood temperature
were also monitored. In addition, BIS score, regional
cerebral oxygen saturation (rSO2), and middle cerebral
artery (MCA) blood velocity (VMCA), and effect of
neuromuscular agents on muscular activity were contin-
uously monitored. Regarding BIS the electrodes (BIS
sensor, Aspect Medical, Newton, Mass., USA) were
applied to the forehead as specified by the manufacturer.
Before starting the recording the electrode impedance
was verified to be below 5 kΩ. The BIS, signal quality
index (SQI), and EMG were measured continuously with
an Aspect A-2000 monitor (BIS version 3.4; Aspect
Medical). The measurements of rSO2 were performed
with the INVOS 3100 (Somanetic, Troy, Mich., USA).
For the measurements of rSO2, the sensor of INVOS 3100
(somasensor no. 3100 S, Somanetic) was placed on the
right or left forehead not to disturb the EEG recording.
A 2-MHz pulsed Doppler ultrasound device (Companion
TCD System, EME, Überlingen, Germany) was used
for transcranial measurements of blood flow velocity of
the right MCA. Insonation of the MCA was initiated
at a depth of 45 mm. MCA identity was confirmed
by increasing insonation depth to visualization of the
bidirectional flow pattern typical of the bifurcation of
the internal carotid artery into the MCA and anterior
cerebral artery. After individual adjustment of Doppler
variables such as gain, sample volume, and power of
ultrasound the probe was fixed with a headband during
the measurement. Using a train-of-four (TOF) guard
accelerometer (Organon Teknika, Boxtel, The Nether-
lands); the effect of neuromuscular agents on muscular
activity was monitored by stimulation of the ulnar
nerve and acceleromyography at the adductor pollicis
muscle. The stimulation electrodes were placed over
the ulnar nerve of the wrist and acceleration transducer
was placed at the distal part of the thumb. Stimuli
in a TOF sequence at 2 Hz were applied and each
sequence was repeated every 15 s. The first response
in the TOF sequence was recorded and used as the
control, to which all subsequent T1 responses were
compared.
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Experimental protocol

The experimental protocol is presented in Fig. 1. At
least 2 h was allowed in the ICU after confirming lack
of effect of residual muscular relaxant, which means
a train-of-four (TOF) ratio greater than 0.90. The propofol
infusion rate was adjusted to maintain a Ramsay score
equal to either 4 or 5 or one of 6. To avoid declining effect
of general anesthesia or awakening from the operative
procedure all patients experienced two different levels
of sedation (Ramsay score 4 or 5, or 6) in randomized
order. Once the propofol dose was determined for either
level of sedation, the infusion rate was not changed until
one study period was completed. No noxious stimuli
including endotracheal suctioning were given during the
study; however, TOF stimuli were given as described
above. TOF stimuli used in this study hardly affected
any variables in the experimental settings. Because it is
possible that problems with pulmonary hygiene due to
the lack of endotracheal suctioning themselves are stim-
ulating, endotracheal suctioning was performed before
starting the study. After determining the propofol dose
muscular relaxant (0.15 mg/kg vecuronium) was admin-
istered. The periods before and after and the recovery
period from NMB were defined as the control period,
neuromuscular period, and recovery period, respectively.
The intervals including these three periods were defined
as the low-dose period for a Ramsay score of 4 or 5 and
the high dose period for a Ramsay score of 6. Fifteen
minutes after determining propofol dose the BIS, SQI,
EMG, rSO2, and VMCA were recorded for a 15-min period
to determine the value of these variables in the absence
of muscular relaxant. Simultaneously, other hemodynamic
variables including mean systemic and pulmonary artery
pressures (MPAP), central venous pressure, and HR were
recorded. These variables were recorded each minute,

Fig. 1 Experimental protocol. VB Vecuronium; stabilization stabi-
lization period to maintain each hypnotic status; control control pe-
riod; NMB neuromuscular period; recovery recovery period

and a 15-min average was calculated for every patients.
Pulmonary capillary wedge pressure was recorded every
5 min and averaged. During the same period arterial
and mixed venous blood samples for blood-gas analysis
were collected, and cardiac output was measured. With
these results oxygen delivery and consumption indices
and oxygen extraction rate were calculated by standard
formulas. After 15 min of the control period control
twitch height was calibrated to set the T1 at 100% of
control level. Then the muscular relaxant was admin-
istered. Ten minutes after T1 decreased to below 5%
of control value, measurements for the NMB period
were started. Ten minutes after T1 recovered to 90% of
control level, measurements for the recovery period were
started. A period of at least 2 h was allowed for complete
recovery from NMB between completion of the first
set of measurements and initiation of the second set of
measurements.

Statistical analysis

The study population size was determined by the follow-
ing hypothesis. We assumed that NMB would decrease
the BIS score by 20 in moderately sedated status, defined
as a condition corresponding to BIS 70 ± 25. Based on
the formula for normal theory and assuming a type I error
probability of 0.05 and a power of 0.80, 17 patients were
required. Values between the study periods were com-
pared using analysis of variance with repeated measures
followed by paired t test with Bonferroni’s correction.
The data are expressed as mean ± standard deviation;
differences were considered significant at p < 0.05.

Results

The hourly propofol dose required the levels of sedation
corresponding to Ramsay score 4 or 5 and 6 were 2.7 ± 0.6
and 4.7 ± 0.5 mg/kg, respectively. SQI was maintained
throughout the study above 80%, which means that
adequate EEG signals were obtained during the study
periods. At the low dose, when sedated status was
maintained for a Ramsay score of 4 or 5, NMB signifi-
cantly decreased both the BIS (79 to 57; Fig. 2) and the
EMG (46 to 30 dB; Fig. 3). These variables returned to
control values during the recovery period (57 to 78 and
30 to 47 dB, respectively). At the high dose, when sedated
status was maintained for a Ramsay score 6, NMB did
not significantly change the BIS (55 to 53) although it
decreased the EMG (41 to 30 dB) with the low dose, which
returned to the control value after recovery from muscular
relaxation (30 to 41 dB). NMB did not alter VMCA and
rSO2 (Table 1) NMB at either dose. After recovery from
muscular relaxation the Ramsay score was not changed
compared to the control period with either study dose.
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Fig. 2 Changes in the bispectral index during the study period
(mean ± standard deviation). During the low- and high-dose periods
(Ramsay scores of 4 or 5, and 6, respectively) propofol infusion
rates did not change once the propofol dose was determined at
the start of the study. Control control period; NMB neuromuscular
period; recovery recovery period.∗ p < 0.05 vs. control period,
† p < 0.05 vs. neuromuscular block period,
‡ p < 0.05 vs. corresponding period with the low dose

Changes in physiological variables are presented
in Table 1. With the low dose NMB significantly de-
creased HR, mean artery and pulmonary pressures,
systemic vascular resistance (SVR), oxygen consumption,
and oxygen extraction rate and increased mixed venous
oxygen saturation. These variables returned to the control
values during the recovery period. With the high dose
NMB did not affect these variables.

Regarding baseline values at the two doses, values
of several parameters, including BIS, EMG, HR, mean
artery pressure (MAP), MPAP, and SVR were signifi-
cantly higher with the low dose than the high dose of
propofol. However, these differences were not statistically
significant during the NMB period. The differences in
BIS and HR declined although they were still observed
during the NMB period. During the recovery period
differences in BIS, EMG, HR, MAP, MPAP, and SVR
values again increased significantly between the low-dose
and high-dose periods. Regarding oxygen demand and
supply low-dose propofol tended to increase oxygen con-
sumption and extraction rate in the absence of muscular
relaxant, although no statistically significant differences in
these variables were detected. On the other hand, oxygen
demand and supply were very similar in the presence of
NMB. At discharge from the ICU no patients reported
unpleasantness during the paralyzed status.

Discussion

NMB in this study reduced the BIS in moderately sedated
status produced by propofol but did not affect that BIS in

Fig. 3 Changes in electromyographic activity during the study pe-
riod (mean ± standard deviation). During the low- and high-dose pe-
riods (Ramsay scores of 4 or 5, and 6, respectively) propofol infusion
rates did not change once the propofol dose was determined at the
start of the study. Control control period; NMB neuromuscular pe-
riod; recovery recovery period.∗ p < 0.05 vs. control period,
† p < 0.05 vs. neuromuscular block period,
‡ p < 0.05 vs. corresponding period with the low dose

deep hypnotic status although EMG at both sedation lev-
els was significantly reduced. No positive effects of NMB
on cerebral hemodynamics were obtained by monitoring
of rSO2 and VMCA; however, significant effects of NMB
on systemic hemodynamic parameters were observed only
during moderate propofol sedation. In addition, the BIS
and systemic hemodynamic variables at moderate propo-
fol sedation resembled the values at deep sedation in the
presence of NMB, while these values were different in the
absence of NMB. These results suggest that NMB can en-
hance cardiovascular stability under moderate sedation but
has no effect during deep sedation, which may be mediated
by alteration in consciousness due to NMB.

Messner et al. [10] reported that the BIS declined dur-
ing NMB in fully awake persons. Vivien et al. [11] also
observed that the BIS and EMG significantly decreased in
sedated ICU patients after administration of a muscle re-
laxant. On the other hand, Greif et al. [12] found that mus-
cle relaxation affected neither the BIS nor EMG in volun-
teers anesthetized with propofol. In addition, Ge et al. [9]
reported that the BIS was unaltered after the administration
of vecuronium in anesthetized surgical patients. These re-
ports are consistent with results from the present study. Our
findings thus confirmed these phenomena. As noted above,
these phenomena are thought to occur because EMG can
interfere with EEG state in nonparalyzed persons which
can result in affecting BIS scores.

We also found that muscular relaxation altered sys-
temic hemodynamic variables when moderate sedation
was used but had no effect during deep sedation. En-
hancement of cardiovascular stability has been considered
an epiphenomenon of stably sedated status [16]. It is



395

Table 1 Changes in physiological variables during study periods.
During the periods of low-dose (Ramsay score 4 or 5) and high-dose
(Ramsay score 6) propofol infusion rates did not change once
propofol dose was determined at the start of the study period (NMB
neuromuscular block period, MAP mean artery pressure, HR heart
rate, MPAP mean pulmonary artery pressure, CVP central venous
pressure, CI cardiac index, SVRI systemic vascular resistance

index, SvO2 mixed venous oxygen saturation, BT body temperature,
PaCO2 arterial carbon dioxide pressure, PaO2 arterial oxygen
pressure, SaO2 arterial oxygen saturation, BE base excess, Hb
hemoglobin, DO2 I oxygen delivery index, VO2 I oxygen consump-
tion index, ERO2 oxygen extraction rate, VMCA middle cerebral
artery blood velocity, rSO2 regional cerebral oxygen saturation)

Low dose High dose

Control NMB Recovery Control NMB Recovery

MAP (mmHg) 87 ± 7 80 ± 7 ∗ 86 ± 8 ∗∗ 78 ± 5 ∗∗∗ 77 ± 5 77 ± 6 ∗∗∗
HR (bpm) 90 ± 13 87 ± 10 ∗ 89 ± 10 85 ± 7 ∗∗∗ 84 ± 7 ∗∗∗ 85 ± 7 ∗∗∗
MPAP (mmHg) 20 ± 1 18 ± 1 ∗ 20 ± 1 ∗∗ 18 ± 1 ∗∗∗ 18 ± 1 18 ± 1 ∗∗∗
CVP (mmHg) 7 ± 3 6 ± 2 7 ± 3 7 ± 2 7 ± 2 7 ± 2
CI (l min−1 m−2) 4.2 ± 0.8 4.2 ± 0.9 4.3 ± 0.8 4.1 ± 0.7 4.0 ± 0.6 4.1 ± 0.7
SVRI (dyne s cm−5 m) 1588 ± 350 1442 ± 298 ∗ 1529 ± 341 ∗∗ 1425 ± 202 ∗∗∗ 1439 ± 224 1390 ± 267 ∗∗∗
SvO2 (%) 70 ± 3 74 ± 4 ∗ 70 ± 3 ∗∗ 73 ± 3 74 ± 4 73 ± 4
BT ( ˚ C) 37.6 ± 0.9 37.7 ± 0.8 37.6 ± 0.9 37.7 ± 0.8 37.8 ± 0.8 37.8 ± 0.7
pH 7.38 ± 0.03 7.39 ± 0.03 7.38 ± 0.03 7.39 ± 0.03 7.39 ± 0.03 7.39 ± 0.03
PaCO2 (mmHg) 40 ± 5 39 ± 5 40 ± 4 39 ± 4 39 ± 3 39 ± 5
PaO2 (mmHg) 164 ± 25 159 ± 24 157 ± 23 159 ± 21 156 ± 18 157 ± 22
SaO2 (%) 99 ± 1 99 ± 1 99 ± 1 99 ± 1 99 ± 1 99 ± 1
BE (mmol/l) −1.5 ± 1.2 −1.3 ± 1.4 −1.4 ± 1.3 −1.4 ± 1.2 −1.3 ± 1.3 −1.3 ± 1.3
Hb (g/dl) 11 ± 1 11 ± 1 11 ± 1 11 ± 1 11 ± 1 11 ± 1
DO2I (ml min−1 m−2) 585 ± 118 593 ± 137 597 ± 116 587 ± 122 575 ± 107 586 ± 119
VO2I (ml min−1 m−2) 170 ± 32 147 ± 33 ∗ 178 ± 39 ∗∗ 157 ± 39 148 ± 40 157 ± 37
ERO2(%) 29 ± 3 25 ± 4 ∗ 30 ± 3 ∗∗ 27 ± 3 25 ± 4 27 ± 4
VMCA (cm s−1) 52.3 ± 12.6 50.4 ± 10.0 52.6 ± 12.2 50.3 ± 9.6 50.3 ± 8.6 51.3 ± 9.4
rSO2(%) 66.7 ± 3.9 65.6 ± 4.3 66.7 ± 3.6 65.8 ± 3.1 65.0 ± 3.4 65.0 ± 3.2

∗ p < 0.05 vs. control period, ∗∗ p < 0.05 vs. NMB period, ∗∗∗ p < 0.05 vs. period with the low dose

therefore possible in this study that muscular relaxation
affected the level of consciousness under moderate
sedation. As mentioned above, paralysis may reduce
signals from muscle stretch receptors that normally
contribute to arousal, according to the “afferent muscle
spindle theory” [9, 13]. Therefore muscular relax-
ation could indirectly affect the level of consciousness.
NMB by the nondepolarizing muscular relaxant pan-
curonium has been reported to reduce the minimum
alveolar concentration by 25% in humans [14] although
it is still a matter of debate whether clinical doses of
nondepolarizing muscular relaxants can alter this con-
centration [17]. On the other hand, succinylcholine,
which is a depolarizing muscular relaxant and induces
a short period of muscular fasciculations, has been re-
ported to produce a transient arousal effect on EEG in
cats [13]. These reports are consistent with our present
results.

However, cerebral hemodynamics were not altered
by muscular relaxation although both BIS and systemic
hemodynamic parameters were changed, which suggests
that the level of consciousness was changed when the
moderate sedation was used. A study with depolarizing
muscular relaxants has reported that the administration
of succinylcholine was accompanied by increased in-
tracranial pressure (ICP) and cerebral blood flow (CBF)
and EEG arousal in anesthetized dogs, and that preven-

tion of fasciculations induced by succinylcholine with
nondepolarizing muscular relaxants inhibited increase in
ICP in humans [18, 19, 20]. In our experimental settings
we investigated the opposite effect (depressant effect)
of nondepolarizing muscular relaxants on the cerebral
activity. In this situation the reduction in signals from
muscle stretch receptors may not be sufficient to induce
changes in cerebral hemodynamics compared with the
effects of fasciculations on the cerebral activity. Indeed,
one study in anesthetized dogs found no changes in
cerebral oxygen metabolic rate, CBF, ICP, or EEG by
pancuronium [21]. It may be difficult to detect changes
in these cerebral parameters in our experimental set-
tings. It is conceivable that other equipment or methods,
however, may have detected small changes in cerebral
hemodynamics.

Administration of vecuronium to deeply sedated
patients did not affect the BIS or other hemodynamic
variables, which suggests that muscular relaxation
does not affect the level of consciousness. Greif et
al. [12] also reported that BIS levels were not altered
by mivacurium administration during propofol anesthe-
sia. Their highly sedated status resembled that in our
own study. They proposed two possible mechanisms
by which muscular relaxation does not alter the BIS:
(a) minimum EMG contamination in deeply sedated
patients does not interfere BIS analyzing process, and



396

(b) preexisting muscular relaxation in deeply sedated
patients in the absence of muscular relaxants does
not affect afferent discharges from muscle spindle. In
either case muscular relaxation does not appear to af-
fect the BIS or consciousness status in deeply sedated
patients.

The question arises as to whether removal of EMG
interference by muscular relaxants alters the BIS in
moderately sedated patients. Several investigators have
proposed this [10, 11]. We believe that removal of
EMG interference can affect the BIS to some degree.
However, we also believe that the BIS is affected, at
least partially, by altered consciousness status due to
muscular relaxation. BIS level in moderately sedated
patient with NMB resembled that in deeply sedated
patients. The difference was clinically insignificant at
that time. A clinically significant difference in BIS level
would have been detectable if consciousness had not
been affected by NMB at all. In addition, our patients
with reduced BIS also showed alterations in systemic
hemodynamic variables. These cardiovascular responses
can be regarded as supporting for the indirect effects of
NMB on the level of consciousness [16]. Lanier et al. [22]
demonstrated in lightly anesthetized dogs that paralysis
diminishes changes not only in EEG activity but also
in cerebral and systemic hemodynamic and metabolic
status in response to a noxious stimulus. Therefore it is
not unreasonable to think that NMB significantly alters
the level of consciousness in moderately sedated patients.
Other methods for assessing sedation in paralyzed patients
would have detected altered consciousness status. Ge et
al. [9] reported that NMB reduced the rapidly extracted
auditory evoked potentials index during steady state
anesthesia, although BIS was not changed. Accordingly,
they could not disprove a positive relationship between
the indirect effect of muscular relaxation on level of con-
sciousness and this phenomenon. On the contrary, neither
BIS score nor hemodynamic variables were affected by
NMB in deeply sedated patients although a significant
degree of EMG was removed. Here, we must consider that
baseline EMG in the absence of NMB in moderately and
deeply sedated patients differed significantly, although
this difference was small. It appears that the smaller
baseline EMG level, the less is the effect of muscular
relaxation on BIS [11]. Therefore this small but significant
difference in baseline values of EMG (46 vs. 41 dB) may
have interferred minimally with the BIS in deeply sedated
patients. However, it has been also reported that even

small interference of EMG can affect the BIS [10, 11].
Thus it may be difficult to explain the discrepancy between
our results and other reports. Differences in experimental
design or situations might have affected study results to
some extent.

The most significant limitation of this study is that
the newest BIS platform, the BIS-XP algorism, was
not used to evaluate sedation status. The BIS-XP was
designed to improve identification and filtering of electro-
oculographic (EOG) and EMG artifact and anomalous
EEG patterns such as near-suppression and delta waves
during periods of significant non-EEG artifact [6]. There-
fore the BIS-XP would have been more suitable in this
type of study; however, it has been reported that even the
BIS-XP algorism is suboptimal in evaluating the level of
consciousness in critically ill patients [6, 8]. Regarding
this limitation, it would be pointed out that we provide
no data to support our hypothesis. Apart from BIS value
changes or cerebral parameter, NMB actually affected
hemodynamic status during moderate sedation with
propofol. Did propofol accumulation occur only during
moderate sedation? However, the Ramsay score did not
alter before and after NMB. Thus propofol accumulation
did not occur, suggesting that NMB probably affected
consciousness status. In addition, we do not think either
that vecuronium significantly direct effects on systemic
hemodynamics [23, 24]. We should also note that neu-
raxial aneesthesia may have affected our study results.
Neuraxial (epidural) anesthesia can affect the BIS [25]. In
our study we presumed that thoracic epidural anesthesia
with the institutional protocol contributed to decreasing
the BIS to some extent. However, we do not think that
thoracic epidural anesthesia affected the study results
significantly because the level of sedation according to the
Ramsay score was adjusted mainly with propofol infusion
rate.

Conclusions

NMB altered BIS score in moderately but not in deeply se-
dated patients although cerebral hemodynamics were not
affected by NMB during either moderate or deep sedation.
Muscular relaxant also affected systemic hemodynamic
status and enhanced cardiovascular stability in the case
of moderate sedation. These results suggest that level of
consciousness can be decreased by NMB during moderate
sedation but not affected during deep sedation.
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