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BACKGROUND: Anesthesia-induced immobility and cortical suppression are gov-
erned by anatomically separate, but interacting, areas of the central nervous
system. Consequently, larger volatile anesthetic concentrations are required to
suppress cortical activation than to abolish movement in response to noxious
stimulation. We examined the effect of decreased afferent input, as produced by
neuromuscular block (NMB), on immobility and cortical activation, as measured by
Bispectral index (BIS) of the electrocardiogram, in the presence of noxious
stimulation during approximately minimum alveolar concentrations (MACs) of
desflurane anesthesia.
METHODS: The effect of NMB on the median effective end-tidal concentration of
desflurane (EtDes50, or MACtetanus) for immobility was estimated using the
up-and-down method and isolated forearm technique in 24 healthy volunteers.
Each volunteer sequentially received saline, mivacurium, and succinylcholine in a
randomized order, while EtDes concentration during each of the treatments was
determined based on the movement response of the previous volunteer on the
same treatment. Nonlinear mixed-effects modeling was used to evaluate the effect
of NMB on BIS versus EtDes concentration relationship at baseline and after
noxious stimulation, while the frontal electromyogram (EMGBIS) effect on BIS was
also modeled as a covariate. Cardiovascular responses to noxious stimulation were
compared across treatments.
RESULTS: Succinylcholine and mivacurium significantly reduced MACtetanus (95%
confidence interval) from 5.00% (4.85%–5.13%), during saline, to 4.05%
(3.81%–4.29%) and 3.84% (3.60%–4.08%), respectively. Noxious stimulation signifi-
cantly, although minimally, increased BIS response during all treatments. Succi-
nylcholine increased BIS independently of an effect on EMGBIS. Succinylcholine
administration increased cardiovascular activity. Interestingly, although cardiovas-
cular reaction to the noxious event was ablated by mivacurium, cortical response,
as determined by BIS, was retained.
CONCLUSIONS: Both succinylcholine and mivacurium enhanced immobility during
near-MAC anesthesia. All treatments were associated with a small, although
significant, BIS increase in response to noxious stimulation, whereas succinylcho-
line increased BIS independently of noxious stimulation or EMGBIS. Mivacurium
suppressed autonomic response to a noxious event.
(Anesth Analg 2009;109:1097–1104)

Afferentation theory proposes that tonic sensory
and muscle-spindle activity modulate cerebral func-
tion and maintain a state of wakefulness.1 Decreased
afferent input by neuraxial anesthesia2,3 or muscle

relaxation4,5 has been shown to enhance hypnosis2,4

and immobility.3,5 On the other hand, enhanced
muscle afferent activity (hyper-afferentation) by suc-
cinylcholine administration,6,7 or acute reversal of
neuromuscular block (NMB),8 activates the electroen-
cephalogram (EEG)6,7 and promotes clinical signs of
arousal, such as grimacing, sucking, and coughing.8
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Suppression of cortical activity (i.e., hypnosis) and
immobility, mediated by volatile drugs, is governed
by different areas of the central nervous system
(CNS)9 and occur at different anesthetic depths. For
example, clinical studies demonstrate that supramaxi-
mal stimulation at 1 minimum alveolar anesthetic
concentration (MAC) is associated with activation of
the EEG.10,11 This distinction between hypnosis and
immobility is important because the effect of “afferen-
tation” apparently differs as a function of anesthetic
depth in nonstimulated patients.12,13 Furthermore, the
magnitude of stimulation may also influence the effect
of decreased afferentation on the cortical EEG. Thus,
NMB may have a different effect on the cortical and
subcortical components of anesthesia.

We therefore investigated the effect of NMB on
immobility during near-MAC desflurane anesthesia,
using the isolated forearm technique in healthy vol-
unteers. We simultaneously evaluated cortical activa-
tion, as determined by the Bispectral index (BIS) of
EEG, in the subjects before and after the application of
a potent noxious stimulus with and without muscle
relaxation. We used a nondepolarizing, as well as a
depolarizing, drug to examine the effect of enhanced
muscle afferent activity produced by the latter. Spe-
cifically, we tested the hypotheses that at near-MAC
anesthesia: (a) mivacurium will exert a higher impact
on immobility than hypnotic end points in response to
noxious stimulation, whereas (b) succinylcholine will
promote both movement and cortical responses.

METHODS
With approval from the University of Louisville

Human Studies Research Committees and written
informed consent, we recruited 25 healthy volunteers
of both genders, 18–40 years old. Exclusion criteria
were administration of any drug acting on the CNS
within 24 h of the study, any contraindication to
inhaled induction of anesthesia, and a body mass
index exceeding 30 kg/m2.

Protocol
Volunteers fasted at least 8 h before the study. After

application of standard anesthesia monitors, an IV
catheter was inserted into an antecubital vein of the
nondominant arm. In addition, a noninvasive continu-
ous arterial blood pressure (BP) sensor (Finometer™,
FMS, Finapress Medical Systems, Arnhem, The Neth-
erlands) was applied on the index finger of the non-
dominant hand. A tympanic membrane probe was
inserted to continuously monitor core temperature.
Forced air warming was used to maintain normothermia.

Anesthesia was induced by inhalation of 6%–8%
sevoflurane in oxygen. After loss of eyelash reflex,
succinylcholine (0.5–1 mg/kg, IV bolus) was adminis-
tered and the trachea intubated. Subsequently, the
volatile anesthetic was switched to desflurane and
maintained at the designated end-tidal concentration
(EtDes) (described below) for 40 min. The lungs were

mechanically ventilated with 80% oxygen in nitrogen,
to maintain end-tidal Pco2 at 30–35 mm Hg.

Anesthetic requirement was determined by the
response to noxious electrical stimulation adminis-
tered via two 25-gauge needles inserted subcutane-
ously into the lower portion of each anterior thigh. A
bilateral 65- to 70-mA, 100-Hz tetanic electrical cur-
rent, maintained for 10 s, or until movement occurred,
was used to provide the noxious stimulus. To prevent
desensitization at the needle insertion site, the elec-
trodes were moved rostrally by 1 cm after each
stimulation. This experimental method of MACtetanus
determination has been previously validated in
healthy volunteers and produces highly reproducible
MAC values, which are consistently lower than
MACincision.14–17

Volunteers were studied for 1 day only. Each study
consisted of 3 randomly ordered phases, during which
the volunteers received the 3 different treatments:
saline, succinylcholine, or mivacurium. Shortly before
administration of the muscle relaxant or saline, a
tourniquet was inflated over the arm of the dominant
hand to a pressure of 150 mm Hg more than the
systolic BP (SBP). Volunteers then received 1 mg/kg
succinylcholine, 0.15 mg/kg mivacurium, or normal
saline (control) as an IV bolus (saline, succinylcholine)
or a 60-s infusion (mivacurium). After the bolus (2.5
min), or the end of infusion, the noxious electrical
stimulation was applied and a video camera, focused
on the isolated arm, recorded the response for 1 min
after the initiation of the 10-s stimulus. After the end
of the 1-min stimulation/observation period and be-
fore the tourniquet was deflated, a nerve stimulator
was used to obtain a train-of-four (TOF) measurement
from both arms to confirm that: (a) the isolated arm
was indeed isolated from the circulation and (b) the
contralateral arm demonstrated the expected response
after drug administration (i.e., intact TOF after saline,
and no TOF response after succinylcholine or mivacu-
rium). Figure 1 presents the main features of the
experimental design via its application on the first 3
volunteers.

The next phase of the experiment then began at the
designated (described below) desflurane concentra-
tion. After anesthetic equilibration for 20 min and
approximately 10 min before the next stimulation, a
TOF measurement was obtained from both arms to
document clinical recovery of neuromuscular function.

The first volunteer was assigned to an EtDes con-
centration of 4.5% for all 3 treatments (saline, succi-
nylcholine, or mivacurium). The EtDes concentration
was measured using a Datex AS3 monitor (Datex-
Engstrom, Ohmeda, Helsinki, Finland), which was
calibrated at the beginning of each study day. If the
isolated arm of the first volunteer moved in response
to noxious stimulation after a given treatment, the
desflurane concentration for the same treatment was
increased by 0.5% in the subsequent volunteer. In
contrast, the desflurane concentration for the same
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treatment in the subsequent volunteer was decreased
by 0.5% if noxious stimulation did not provoke move-
ment (Fig. 1). This paradigm is referred to as the
“Dixon up-and-down” method,18 although its appli-
cation to a 3-way crossover design is novel.

All volunteers were contacted 24 h after their
recovery, by phone, and asked about explicit aware-
ness of any intra-anesthetic event.

Measurements
Demographic and morphometric variables of the

volunteers were recorded. Heart rate (HR), EtDes
concentration and Pco2, hemoglobin oxygen satura-
tion (Spo2), and tympanic membrane temperature
were measured continuously and recorded at 5-min
intervals. BP was determined noninvasively using a
cuff applied on the left ankle and recorded every 5 min.
However, during a 10-min prestimulation period, BP
was measured only by finger plethysmography to avoid
any unnecessary stimulation of our volunteers.

BIS of the EEG (3.21 algorithm; Aspect Medical
Systems, Newton, MA) data were acquired using the 4
BIS-sensor electrodes and the A-2000 BIS monitor.
Frontal electromyogram (EMGBIS) was displayed as
the power in the 70- to 110-Hz frequency band,
measured in decibels (relative to 0.0001 �V2, interval
30–80 decibels). Sensor impedance was kept �5 k�.
The smoothening time of the BIS monitor was set at
15 s. BIS data were downloaded offline as 1-min
averages. Eleven minutes of BIS and correspondent
EMGBIS data were collected during the period before
and after the drug administration, as well as after the
noxious stimulation. More specifically, we used the 4
min preceding drug administration as baseline, the 2.5
min (saline and succinylcholine) or 3.5 min (mivacu-
rium) between drug administration and noxious
stimulation as representing the drug effect, and the
3.5–4.5 min after the noxious stimulation as mainly
indicating the effect of the latter on BIS response (see
Figs. 2 and 3 for a time course of the events).

An independent investigator, blinded to the treat-
ment and any other experimental condition, observed
the video recordings at the end of each study day and
decided a movement/no movement response. Any
type of visible movement of the isolated arm was
characterized as such. Based on the movement/no
movement response for each particular treatment, we
adjusted the EtDes concentration for the respective
treatments in the next volunteer.

Data Analysis
Median effective EtDes for immobility (EtDes50 or

MACtetanus) estimates were calculated based on Dix-
on’s approach, which takes the average of the concen-
trations in the sample as the estimated MACtetanus.

19

Bootstrap resampling20 was used to determine confi-
dence intervals for the MACtetanus estimates. One
hundred thousand bootstrap samples (simple random
samples of size 24 with replacement, retaining the
original order of the volunteers in the study) were
simulated from the observed data. The first volunteer in
each bootstrap sample was thus removed, and 1 obser-
vation was added to the end of each bootstrap sample by
inferring from the EtDes concentration/response combi-
nation for the last observation in the original bootstrap
sample what the EtDes concentration would have been.

The bootstrap sampling distributions were used for
inferences on MACtetanus for the 3 treatments (saline,
succinylcholine, or mivacurium), as well as inferences
on the differences in MACtetanus among the 3 treat-
ments. Confidence limits for the sample MACtetanus
were taken as the 2.5th and 97.5th quantiles from these
distributions. Tests of the difference in MACtetanus
among the treatments used a z-statistic calculated as a
ratio of the mean difference and the standard devia-
tion of the bootstrap distribution for the difference.
The experiment-wide significance level was controlled
at 0.05 by implementing Bonferroni adjustment for
multiple comparisons.

Figure 1. Study design for the up-and-down method applied
in 24 consecutive volunteers. Each volunteer was tested
under 3 different treatments: saline, succinylcholine (sux),
and mivacurium (mivac), administered in a randomized
order. Desflurane concentration during each treatment was
based on the movement response of the previous volunteer
under the same treatment. At the lower part of the figure, a
scheme presents the various events that occur during a
single treatment phase.
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BIS Response
Nonlinear mixed-effects modeling (NONMEM VI,

GloboMax LLC, Hanover, MD) was used to evaluate
the effect of mivacurium and succinylcholine on the
relationship between BIS and EMGBIS, before, as well
as after, the noxious stimulation, using the nested
models approach. Graphs showing the change in BIS
and EMGBIS as a function of EtDes, as well as the
relationship between BIS and EMGBIS, were used to
visually explore associations between these model
parameters. The effect of different treatments on the
EtDes concentration versus BIS relationship before the
occurrence of the noxious stimulation was modeled
separately. In the final (full) model, all experimental
data were included. During each modeling process, any
added parameter was considered significant (�2 � 0.05)
if it produced a reduction of at least 3.84 points in the �2
log likelihood of the model. A detailed description of the
NONMEM modeling process for BIS response is pro-
vided in the Appendix (see Supplemental Digital Con-
tent 1, http://links.lww.com/AA/A12).

Hemodynamic Response
The maximum values of SBP and HR during a

1-min-long period of continuous recording immedi-
ately before and after drug administration, as well as
after the application of noxious stimulation, were
used in the analysis of hemodynamic response.
Based on the Kolmogorov-Smirnov test (� level set
at 0.05), these data did not follow a normal distri-
bution. Consequently, Wilcoxon’s signed rank test
was used to compare SBP and HR values between
same and different phases of the experiment across
the 3 drug treatments. Twelve paired comparisons
among the different phases of the experiment were
performed, which adjusted the � level to 0.05/12 �
0.0041.

Hemodynamic responses, EtDes concentration, BIS,
and EMGBIS at baseline (before drug administration)
were compared across the different treatments, using
Friedman test (nonparametric data) or repeated-
measures analysis of variance and then appropriate post
hoc tests. Data are presented as median (interquartile

Figure 2. Crossover end-tidal desflu-
rane concentrations in all partici-
pants. Each volunteer received all
treatments, and data for the 3 dif-
ferent drug treatments are shown
separately. Movers and nonmovers
in response to the noxious stimula-
tion are indicated with open and
closed circles, respectively.

Figure 3. Time course of the Bispectral index (BIS) and electromyogram (EMGBIS) during 11-min prestimulation period. Thin
gray lines represent the evolution of the above parameters in individual volunteers. Data for the 3 different treatments are
presented separately. Median BIS and EMGBIS responses for the different treatments are indicated by a thick black line. The
vertical arrows denote the occurrence of drug administration (DRG) and noxious stimulation (STIM).
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range) or mean � sd, and an � level of 0.05 was used to
denote statistical significance.

RESULTS
One volunteer did not complete the study because

of gastric fluid regurgitation during inhaled induction
of anesthesia. However, his immediate recovery was
uneventful. Twenty-four consecutive subjects (9
women) completed the study. They were 27 � 6 years
old, weighed 75 � 12 kg, and were 174 � 7 cm tall.

Before study drug administration, hemodynamic
and respiratory variables were similar among the
different treatments. Volunteers remained normother-
mic during all phases of the experiment. By study
design (up-and-down method), succinylcholine and
mivacurium treatments were associated with lower
EtDes concentrations and, as a result, with higher BIS
values (Table 1).

Immobility
During all NMB treatments, a reliable NMB and an

intact TOF response were detected in the perfused and
isolated arms, respectively. Both responses were ob-
tained immediately after the end of the observation
(video recording) period and before releasing the
tourniquet.

Figure 2 shows the crossover EtDes concentrations
for the different treatments. Table 2 presents the
EtDes50 estimates for immobility (MACtetanus). Saline
treatment was associated with a MACtetanus (95%
confidence interval) of 5.00% (4.85–5.13). The admin-
istration of succinylcholine and mivacurium signifi-
cantly reduced that value to 4.05% (3.81–4.29) and

3.84% (3.60–4.08), respectively. The difference in
MACtetanus between succinylcholine and mivacurium
was not statistically significant.

BIS Response
A detailed report regarding the NONMEM model

and the various parameters that determined the BIS
response is provided in the Appendix (see Supplemental
Digital Content 1, http://links.lww.com/AA/A12). Ac-
cording to the model, both the EMGBIS and the EtDes
concentration had a significant effect on BIS response.
Noxious stimulation increased BIS during all treat-
ments (i.e., saline, succinylcholine, and mivacurium),
independently of an increase in the EMGBIS activity.

Before the occurrence of noxious stimulation, only
succinylcholine had a small (approximately 1 U in-
crease) but significant effect on BIS, which was inde-
pendent of EMGBIS activity. After the onset of the
noxious stimulation, both saline and succinylcholine
treatments were associated with an additional signifi-
cant increase in BIS response of approximately 1 U, for
which the inclusion of the EMGBIS and noxious stimu-
lation effects into the model could not fully account.

Hemodynamic Response
During saline, SBP increased from a median (inter-

quartile range) of 101 (96–109) mm Hg before the
noxious stimulation to 125 (102–164) mm Hg after the
noxious stimulation (P � 0.001), whereas HR in-
creased from 71 (66–76) bpm to 88 (71–115) bpm (P �
0.001). Succinylcholine administration was associated
with a significant increase in SBP from 98 (94–107)
mm Hg to 124 (114–153) mm Hg (P � 0.0001), whereas

Table 1. Hemodynamic and Respiratory Variables, End-Tidal Desflurane Concentration and Bispectral Index (BIS) Before
Drug Administration

Saline Succinylcholine Mivacurium P
Systolic blood pressure (mm Hg) 98 (95–112) 98 (94–107) 102 (96–121) 0.1988
Heart rate (bpm) 73 (66–76) 70 (60–75) 70 (64–74) 0.1561
End-tidal CO2 (mm Hg) 32 (32–33) 32 (30–33) 33 (31–34) 0.1556
SpO2 (%) 99 (98–99) 99 (98–99) 99 (98–99) 0.3679
Tympanic temperature (°C) 36.7 � 0.3 36.7 � 0.2 36.8 � 0.2 0.4602
Bispectral index (BIS) 43 (39–46) 49 (42–56)* 47 (42–54)* �0.0001
Frontal EMGBIS (dB) 29 (27–31) 28 (27–30) 28 (27–29) 0.051
End-tidal desflurane (vol%) 5.0 (4.75–5.25) 4.0 (3.5–4.5)* 4.0 (3.5–4.5)* �0.0001
Comparison among the three treatments was performed using the Friedman test (nonparametric data) or repeated-measures analysis of variance, and data are presented as median (interquartile
range) or mean � SD, respectively. Post hoc comparisons were performed using Dunn’s test.
EMG � electromyogram.
* P � 0.001; significantly different from saline.

Table 2. Median Effective End-Tidal Concentration of Desflurane (MACtetanus) for Immobility Using the Dixon-Brownlee Method

Treatment Differences between treatments

Saline (Sln) Sux (S) Mivac (M) (Sln) - (S) (Sln) - (M) (S) - (M)
MACtetanus (95% CI) 5.00 (4.85–5.13) 4.05 (3.81–4.29) 3.84 (3.60–4.08) 0.94 (0.71–1.17) 1.15 (0.88–1.42) 0.21 (�0.17 to 0.58)

P � 0.001* P � 0.001* P � 0.28
P values are testing the null hypothesis of no difference between treatments. Bootstrap resampling was implemented for computation of the 95% confidence limits and P values.
Sux � succinylcholine; mivac � mivacurium.
* P value is significant after Bonferroni adjustment for multiple comparisons.
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HR increased from 70 (60–75) bpm to 90 (74–112) bpm
(P � 0.001). The noxious stimulation did not further
increase SBP and HR, which remained significantly
higher compared with baseline. During mivacurium,
SBP and HR did not change significantly between the
pre- and poststimulation period.

None of the volunteers reported awareness of any
event during anesthesia.

DISCUSSION
This is the first study to characterize the effect of

NMB on the volatile anesthetic requirements for im-
mobility and cortical anesthetic end points in humans
using a potent noxious stimulus. We found that both
succinylcholine and mivacurium reduce the anesthetic
demand for immobility and they are associated with
similar BIS activation patterns in response to noxious
stimulation compared with saline treatment.

By using the isolated forearm technique, we
found that succinylcholine and mivacurium re-
duced MACtetanus for desflurane by 19% and 23%,
respectively. Our study confirms previous findings by
Forbes et al.,5 who showed that pancuronium reduced
halothane MACincision by 25%. In contrast, Fahey et
al.21 did not manage to show any difference in halo-
thane MACincision among nonparalyzed patients and
patients treated with atracurium, vecuronium, or pan-
curonium. However, the different numbers of isolated
extremities, as well as the different starting halothane
concentrations in the different patient groups, might
raise a concern regarding the accuracy of those MAC
estimates.22

Saline treatment was associated with a MACtetanus
of 5.0 vol%, which approximates those previously
estimated by Greif et al.14 (4.9 � 0.7 vol%) and Jones et
al.17 (4.58 � 0.6 vol%), using a similar study design but
without using the isolated forearm technique. This
supports not only the successful isolation of the tested
limb in our experiment but also the complete recovery
of neuromuscular function in between the administra-
tion of the different drug treatments. To provoke
movement, we applied tetanic electrical stimulation.
As we23 and others24,25 have previously shown, our
MACtetanus values were lower than those produced by
skin incision in surgical patients (MACincision).

Muscle relaxants do not readily cross the blood-
brain barrier26 and therefore do not exert a direct
effect on the CNS; an indirect action via an active
metabolite of succinylcholine or mivacurium is also
unlikely. Hemodynamic stability during and immedi-
ately after the administration of mivacurium suggests
that little, if any, histamine was released. Furthermore,
animal evidence indicates that neuronal histamine
release reduces, rather than increases, the MAC of
halothane.27 Our findings are thus consistent with the
afferentation theory, which proposes that loss of tonic
afferent input to the CNS would suppress its activity,
resulting in decreased anesthetic requirements.

BIS quantifies the relationship among the underly-
ing sinusoidal components of the EEG28 and is pro-
posed as a surrogate measure of the hypnotic (cortical)
component of IV,29 as well as volatile,2,30 anesthetics.
Perioperative noxious stimuli alter brain electrical
activity31–35 and result in a rightward shift of the BIS
versus EtDes concentration response curve,36 whereas
1-MAC anesthesia is not sufficient to suppress BIS,10,11

or auditory-evoked37 potentials, in response to surgi-
cal incision. Evidence supports that the magnitude
and pattern of this EEG response relate to the under-
lying anesthetic depth32,33 and are independent of the
presence of NMB when stimulation occurs at deeper,
rather than lighter, levels of anesthesia.35,38 Our data
support these findings; noxious stimulation significantly
increased BIS, and this response was independent of
muscle relaxation or an EMGBIS effect. Conversely, the
effect of succinylcholine on BIS in the pre- and post-
stimulation period was independent of EMGBIS, whereas
noxious stimulation completely accounted for the small
increase in BIS during mivacurium treatment. Saline
treatment was associated with a high EMGBIS, whereas
the latter was almost completely suppressed during the
muscle relaxation treatments.

Although increased frontal EMG can distort the BIS
calculation via altering its Beta Ratio frequency (30–47
Hz) component,28 it might also reflect a “true” EEG
component in the higher frequency range (� band)
because stand-alone EMG using submental,39 as well
as temporofrontal,35 recordings have demonstrated a
negligible contribution of the facial EMG signal on
EEG during anesthesia. The possibility that this high-
frequency “EMG” activity could signify conscious
processing of information40 during anesthesia is un-
determined. Desflurane concentrations just above
MACawake are sufficient to suppress recall of informa-
tion acquired during anesthesia in nonstimulated sub-
jects41; nevertheless, the effect of a noxious arousing
stimulus on this process remains to be investigated.
Evidence suggests that implicit learning during anes-
thesia varies as a function of both the hypnotic depth42

and analgesic state.43

Succinylcholine administration increased BIS
before and after the application of noxious stimula-
tion. This small but significant effect was indepen-
dent of EMGBIS activation, and the presence of a
“true” EEG component cannot be excluded. These
data are in accordance with previous reports sup-
porting the afferentation theory by demonstrating
the hyper-afferentative properties of succinylcho-
line.6,7,44 Succinylcholine- and noxious stimulation-
induced EEG activations are not synonymous with
conscious awareness, which, according to the theory
of neuronal adequacy, previously proposed by Libet
et al.,45 would require certain temporal, as well as
spatial, neuronal assembly requirements to develop.46

Considerable animal9 and human11 evidence suggests
that various inhaled9,11 and IV47 anesthetics prevent
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movement via a direct action on the spinal cord. How-
ever, an indirect MAC-sparing3 and hypnotic-sparing2

effect of epidural anesthesia in humans, as well as the
depressed excitability of reticulo-thalamo-cortical
arousal mechanisms in an animal model of neuraxial
anesthesia,48 reflect an existing interaction between cor-
tical and subcortical levels of the nervous system. Al-
though an effect of NMB on both cortical and subcortical
levels of the CNS is a possibility, the administration of a
potent noxious stimulation led to a pharmacological
separation of the structures governing immobility and
cortical anesthetic end points.

Noxious stimulation during near-MAC desflurane
was followed by a significant increase in cardiovascu-
lar activities. Interestingly, mivacurium suppressed
the associated autonomic responses. This effect of
mivacurium is in agreement with its effect on immo-
bility and supports the view that cardiovascular re-
sponses to noxious stimuli during anesthesia are
mainly governed by spinal and supraspinal CNS
sites.49 These results are in contrast with the findings
by Gibbs et al.,50 who showed that vecuronium admin-
istration in rats during infra-MAC anesthesia did not
alter hemodynamic response to noxious stimulation.

In conclusion, both succinylcholine and mivacu-
rium reduce the desflurane requirement for immobility
during near-MACincision anesthesia, without affecting
cortical activation in response to a potent noxious
stimulation. Succinylcholine administration is associ-
ated with an arousal response, as determined by BIS.
Importantly, whereas cardiovascular reaction to a
noxious event is ablated by mivacurium, cortical re-
sponse is retained. The anesthetic requirement might
thus be underestimated if based only on signs of
autonomic function.
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