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Abstract: The aim of this study was to investigate the effects of sevoflurane on skeletal muscle contractility. In the
first part, twenty-two American Society of Anesthesiology (ASA I-Il) female adult patients undergoing elective hyster-
ectomy surgery inhaled sevoflurane 1.0, 1.5 and 2.0 minimum alveolar concentrations (MAC) in succession. Neu-
romuscular function was assessed at each dose. In the second part, forty-four ASA I-Il female adult patients were
randomized into four groups: group 1 (propofol + atracurium, sevoflurane O MAC), and groups 2 to 4 (atracurium
+ sevoflurane 1.0, 1.5 and 2.0 MAC, respectively). In group 1, patients were anesthetized by propofol. Then 0.01
mg/kg atracurium was injected into the tested arm intravenously after the arterial blood flow was blocked using a
tourniquet. For the other 3 groups, patients inhaled 1.0 MAC, 1.5 MAC, or 2.0 MAC of sevoflurane. Then 0.01 mg/
kg atracurium was injected. Neuromuscular function was recorded for the 4 groups. Neuromuscular function was
assessed by acceleromyography measurement of evoked responses to train-of four (TOF) stimuli (2 Hz for 2 s ap-
plied every 12 s) at the adductor pollicis using a TOF-Guard™ neuromuscular transmission monitor. Amplitudes of
first response (T1) in each TOF sequence and the ratios of fourth TOF response (T4) to the first were similar at 1.0
MAC, 1.5 MAC, and 2.0 MAC sevoflurane. Compared to baseline, there was no significant change in the TOF value
after inhaling 1.0 MAC, 1.5 MAC, or 2.0 MAC sevoflurane. Compared to group 1, there was no significant difference
in atracurium onset time (time to reach TOF ratio = 0.25) in group 2 ( 5.6 + 1.8 min vs. 6.5 £ 1.7 min, P>0.05), or
degree of adductor pollicis block (subject number with TOF ratio = O, 5 vs. 2 subjects, p = 0.3). However, inhaling
1.5 or 2.0 MAC sevoflurane decreased atracurium onset time (4.6 + 1.5 min and 4.0 £ 1.3 min vs. 6.5 + 1.7 min,
P<0.01 and P<0.001, respectively), and enhanced the block degree (9 and 10 vs. 2 subjects, P<0.001) compared
with group 1. Sevoflurane has no direct effects on the adductor pollicis contractility, but increased the skeletal
muscle sensitivity to atracurium.
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Introduction

Inhaled anesthetics can induce a variety of
reversible, clinically important effects including
amnesia, hypnosis, immobility (response to
noxious stimuli) and muscle relaxation. Potent
inhaled anesthetics increase the neuromuscu-
lar blockade produced by non-depolarizing
drugs in a dose-dependent fashion [1-3] as
demonstrated by previous studies showing that
effects of neuromuscular blockade on train-of
four (TOF) values are amplified by inhaled anes-

thetics [4-6]. Enhancing the action of non-depo-
larizing neuromuscular blocking drugs decreas-
es the need for muscle relaxants [7-11].
However, the specific sites of action of inhaled
anesthetics such as sevoflurane on neuromus-
cular blocking are not clear, although some
believe the spinal cord maybe one of the sites
of action [12-16]. But whether sevoflurane has
a direct effect on skeletal muscle contractility is
unknown. In this study, we aimed to examine
the effects of sevoflurane on skeletal muscle
contractility by selectively delivering neuromus-
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cular blocking drugs to the skeletal muscle
without affecting in the central nervous
system.

Materials and methods
Patients

This study was approved by the Institutional
Research Ethics Committee of West China
Second University Hospital, Sichuan University,
China, and written informed consent was
obtained from each patient preoperatively. A
total of sixty-six un-premedicated female adult
patients, America Society of Anesthesiology
(ASA) status | and Il scheduled for elective
gynecological surgery were enrolled in the
study. Body weight was within 20% of the nor-
mal value for the height, and the age range was
18-65 years. Exclusion criteria included liver or
renal insufficiency, abnormal plasma electro-
lytes, obesity, peripheral vessel or neuromus-
cular disease, allergy to atracurium or propofol,
and concomitant medication known to interfere
with neuromuscular transmission.

Upon arrival in the operating room, standard
monitoring including electrocardiograph, pulse
oximeter, capnograph and noninvasive blood
pressure was applied to the patients. Prior to
anesthesia, patients were administered mid-
azolam (<0.05 mg.kg) intravenously followed by
oxygen at 6 liters min® via a mask for 3 min-
utes. All the tests were done by one skillful
attending anesthesiologist before the surgery.

Part 1: Administration of sevoflurane alone
under varying concentrations

Twenty-two patients were enrolled in this part
of study. The recirculating system of the anes-
thesia machine was primed for 30 s with sevo-
flurane in oxygen 6 liters min™. The face mask
was fitted and the patients were asked to take
deep breaths. End-tidal sevoflurane concentra-
tion was monitored continuously with an anes-
thetic gas monitor (Spacelabs Medical,
Issaquah, WA, USA). Each patient was exam-
ined during three different experimental states.
Neuromuscular function was measured at
sevoflurane concentrations of 1.0 MAC, 1.5
MAC and 2.0 MAC with O,. The lowest concen-
tration was administered first, and highest was
administered last.

Part 2: Administration of sevoflurane or propo-
fol with neuromuscular blocker

Forty-four patients were randomly assigned
into four groups with 11 subjects each: group
1: propofol + atracurium (sevoflurane O MAC);
groups 2 to 4: atracurium + sevoflurane 1.0
MAC, 1.5 MAC and 2.0 MAC, respectively. In
group 1, general anesthesia was induced by
bolus injection of propofol 2-3 mg-kg* and fol-
lowed by continuous intravenous propofol 8-10
mg-kglh? during the anesthesia period as
measured in the non-tested arm. After loss of
consciousness and stabilization of the concen-
tration, 0.01 mg/kg atracurium (in normal
saline diluted to 10 ml) was injected to the test-
ed arm intravenously after the arterial blood
flow was blocked by tourniquet (i.e., the same
procedure as is used for intravenous regional
anesthesia (IVRA)), and then the neuromuscu-
lar function was tested.

In groups 2-4, patients inhaled 1.0 MAC, 1.5
MAC, or 2.0 MAC sevoflurane, respectively for 5
min. After loss of consciousness and stabiliza-
tion of the concentration, the arterial blood flow
in the tested arms was blocked using a tourni-
quet and 0.01 mg/kg atracurium (in normal
saline diluted to 10 ml) was injected to the
same arm intravenously, and then the neuro-
muscular function was recorded.

In all the groups, loss of consciousness was
defined as loss of the eyelash reflex and lack of
response to verbal stimulation. If undesirable
respiratory depression occurred, a laryngeal
mask airway was applied to maintain the par-
tial pressure of end-tidal carbon dioxide
between 35-40 mmHg. Time for tourniquet was
less than 30 minutes.

Measurement of neuromuscular blockade

Neuromuscular function was assessed by the
acceleromyography measurement of evoked
responses to train-of four (TOF) stimuli (2 Hz for
2 s applied every 12 s) at the adductor pollicis
using a TOF-Guard™ neuromuscular transmis-
sion monitor (Organon Technica, Biometer,
Turnhout, Belgium) according to the recommen-
dations of Vibymogensen et al. [17]. We record-
ed the amplitude of the first response (T1) in
each TOF sequence, and calculated the ratio of
the amplitude of forth TOF response in each
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Table 1. Demographic data for the patients in the study

Part 2 (n = 44)

Characteristics Part1(n=22) Group 1 (n=11) Group 2 (n=11) Group 3 (n=11) Group 4 (n=11)
Age (years) 45.8 + 13.2 442 + 13.6 39.3+145 46.9 + 12.7 479 + 10.8
Height (cm) 158.5 + 9.0 152.6 + 7.8 156.3+9.8 158.4 + 8.0 160.1+ 7.6
Weight (kg) 56.8+ 7.2 545+ 6.7 54.6 + 8.0 60.1+78 58.4+7.0
Blood Pressure (mmHg) 113.3+9.1 1144+ 7.8 112.9 + 10.7 112.1 + 8.7 111.1+£9.0

Values are expressed as mean + SD. No significant among-group differences (P>0.05). Part 1: Sevoflurane group. Group 1: Pro-
pofol + atracurium group. Group 2: Sevoflurane 1.0 MAC + atracurium group. Group 3: Sevoflurane 1.5 MAC + atracurium group.
Group 4: Sevoflurane 2.0 MAC + atracurium group.

22 subjects 44 subjects
L4 l \\‘
Inhale sevoflurane 1.0, 1.5 Propofol + atracurium, Atracurium + Atracurium + Atracurium +
and 2.0 MAC m succession. sevoflurane 0 MAC sevoflurane sevoflurane sevoflurane
1.0MAC 1.5MAC 2.0MAC

A A

Neuromuscular function was assessed

Figure 1. Diagram of the study. First part: 22 subjects were treated in a successive manner was to investigate
whether sevoflurane has direct effects on the adductor pollicis contractility. Second part: 44 subjects were decided
into 4 groups equally to investigate whether sevoflurane would increase the skeletal muscle sensitivity to atracu-
rium, and which concentration of sevoflurane would the effect the sensitivity.

Table 2. Neuromuscular responses during were performed by the attending anesthesi-
sevoflurane anesthesia (n = 22) ologist.

Sevoflurane con-  T1 amplitude

io ( All measurements were performed 15-20 min
centration (MAC) (% of control) "' "@ti® (%) b

after obtaining a stable level of each end-tidal

0 (baseline) 100 100 sevoflurane concentration in 100% O,. All mea-
1.0 103 £35 100 £2 surements were recorded in duplicate for each
1.5 109 + 29 96+ 7 patient.
2.0 106 + 27 96 + 8
Mean + SD. No significant among-group differences Statistics
(P>0.05).
Data was analyzed with SPSS Version 13.0
(SPSS Inc., Chicago, IL). For part 1, values of
train to that of the first (TOF ratio). A baseline each neuromuscular variable at different con-
was established during the calibration centrations of sevoflurane were compared by
sequence prior to the administration of either repeated measures analysis of variance
the initial atracurium bolus or the volatile anes- (ANOVA). For part 2, demographic data and
thetic agent. Two peripheral nerve stimulators results obtained for each subject in the experi-
which were used for stimulation of the ulnar ment were compared by ANOVA. Differences in
nerves via cutaneous electrodes were applied maximum blockade (number with TOF = 0)
at the wrists. The device was calibrated before between group 1 and groups 2-4 were com-
administration of atracurium. All procedures pared by Fisher’s exact test. All tests were two-
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Figure 2. Effects of sevoflurane on atracurium onset time (time to reach TOF
ratio = 0.25). Values are expressed as mean + SD. Compared with group 1 (O
MAC), there was no significant difference in atracurium onset time in group
2 (1.0 MAC) (P>0.05). Compared with group 1, group 3 (1.5 MAC) and group
4 (2.0 MAC) did decrease the atracurium onset time (P<0.01 and P<0.001,
respectively).
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Figure 3. Effects of sevoflurane on atracurium block degree. Numbers of sub-
jects (of 11 per group) with TOF ratio of 0. Compared with group 1 (O MAC),
there was no significant difference significance in group 2 (1.0 MAC) (2 vs. 5
subjects, P =0.36). Compared with group 1 (O MACA), group 3 (1.5 MAC) or 4
(2.0 MAC) significantly enhanced the degree of adductor pollicis block (9 and
10 vs. 2 subjects, P<0.001).

sided, with p<0.05 considered significant. Discussion

Levels of significance are indicated by the num-

ods of the study and the
equilalent experimental data
obtained during the final peri-
od of neuromuscular function
testing. Compared to base-
line, there was no significant
difference in TOF value after
inhalation of 1.0 MAC, 1.5
MAC, or 2.0 MAC sevoflurane
(Table 2).

Sevoflurane or propofol with
atracuriumin

Compared group 1 and group
2, there was no significant dif-
ference in atracurium onset
time (time to reach TOF ratio =
0.25; 6.5 + 1.7 min vs. 5.6 +
1.8 min, p>0.05) (Figure 2).
Though the degree of adduc-
tor pollicis block was higher in
group 2 at 1.0 MAC servoflu-
roane but it did not reach sig-
nificance (TOF ratio = 0, 2 vs.
5 subjects, P = 0.36) (Figure
3). Compared group 3 or 4
with group 1, inhaling 1.5 or
2.0 MAC sevoflurane did
decrease the atracurium
onset time (4.6 £ 1.5 min and
4.0 £ 1.3 min vs. 6.5 + 1.7
min, P<0.01 and P<0.001,
respectively; Figure 2) and
significantly enhanced the
degree of adductor pollicis
block (Figure 3, TOF ratio = 0O,
9 and 10 vs. 2 subjects,
P<0.001).

ber of symbols, e.g., “P = .01 to <.05; P =.001
to .01, ""P<.001. Data are presented as
average + SD.

Results

All groups did not differ significantly with regard
to age, height or weight and blood pressure
(Table 1). Figure 1 showed the diagram of the
whole study and the purpose of the two parts.

Sevoflurane alone under varying concentra-
tions

Values for T1 and TOF ratio were similar at 1.0,
1.5, and 2.0 MAC sevoflurane. No significant
differences were found between the initial peri-

Sevoflurane alone had no significant direct
effect on muscle relaxation, however, sevoflu-
rane, but not propofol, increased the sensitivity
to muscle relaxant atracurium.

In this study, a procedure as IVRA was obtained
by local injection to avoid exposure of spinal
cord or supraspinal cord to neuromuscular
blockers, and the administered drugs will selec-
tively target skeletal muscle only in the affected
region. When a drug is given systematically, it is
difficult to determine whether the effect is gen-
erated by acting on the muscle, spinal cord, or
brain. Yang et al. devised a technique to admin-
ister anesthetics only into the spinal cord in
experimental animals, and showed that the spi-
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nal cord was an important site of anesthetic
action [18]. We were interested in determining
possible anesthetic effects in skeletal muscle.
So we administered the neuromuscular block
drugs locally, to affect only the tested skeletal
muscles, using IVRA. In 1908 Bier described
the use of tourniquets and injected agents to
induce localized anesthesia [19, 20]. We used
this principle to allow preferential delivery of
neuromuscular blocking drug to the skeletal
muscle by injecting the drug into the upper test
arm blood vessel. This method allowed us to
study the effects of sevoflurane on muscle
relaxation without the interference of the cen-
tral nervous system clearly demonstrate the
direct effects of sevoflurane at the level of the
skeletal muscle. This method may contribute to
a better understanding of their neuromuscular
mechanisms of action.

Our findings using atracurium in are consistent
with previous studies showing that sevoflurane
did not significantly affect the magnitude and
recovery time of another nondepolarizing block-
er, rocuronium [21]. In that study, isoflurane
and sevoflurane both augmented the intensity
of rocuronium-induced NMB to a similar extent

Previous studies [21, 22] demonstrated the
lack of potentiation of neuromuscular blockade
when NMBs were combined with propofol, simi-
lar to what we have found in this study. The pro-
pofol group showed no increased sensitivity to
atracurium. Beaussier et al. showed sevoflu-
rane at 1 MAC decreases accelerometric
responses of the adductor pollicis to atracuri-
um [23]. The findings were supported by an ani-
mal study in which they showed that 1.0 MAC
sevoflurane did not alter responses to periph-
eral nerve stimulation [24]. Our study confirmed
that inhaled anesthetics can provide a dose-
related muscle relaxation as reported in the
previous studies [1-3] and also showed sevoflu-
rane increased sensitivity to muscle relaxants
but no direct muscle relaxation.

Further studies are necessary to determine the
mechanisms underlying the enhancement of
the sensitivity of skeletal muscles to neuro-
muscular blockers, and to assess the effects of
inhaled anesthetics on neuromuscular block-
age in male patients. In addition, it would also
be interesting to test using different neuromus-
cular blockers.

Conclusions

In conclusion, we used a regional anesthesia
method to develop a model to preferentially
deliver neuromuscular blocking drugs to the
skeletal muscle. Using this model, we con-
firmed that sevoflurane has no direct effects on
the adductor pollicis contractility, but can
increase the skeletal muscle sensitivity to neu-
romuscular blocker.
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