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Succinylcholine is a depolarizing muscle relaxant first
introduced into clinical practice in 1951; it remains
the drug of choice in clinical situations in which rapid
paralysis and airway control are priorities. The admin-
istration of succinylcholine may produce postopera-
tive myalgia (POM) that has an overall incidence
ranging from 5% to 83%.1-5 Postoperative myalgia is
thought to be caused by motor units firing at physio-
logically high rates following succinylcholine admin-
istration, leading to unsynchronized muscle contrac-
tions causing shearing forces of skeletal muscle
fibers.3 However, several studies have reported that
the severity of fasciculations does not correlate
directly with an increase in the incidence and severity
of POM.6-8

It has been shown that the administration of a sub-
clinical dose of a nondepolarizing muscle relaxant
such as rocuronium before the administration of suc-
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cinylcholine results in a decrease in the incidence and
severity of postoperative myalgia in patients given
succinylcholine.5-14 Several research investigations
have compared pretreatment with rocuronium with
various other nondepolarizing neuromuscular block-
ing agents such as atracurium, d-tubocurarine, cis-
atracurium, and vecuronium and found rocuronium
to be as effective or significantly better in decreasing
the incidence and severity of POM.10,12-15

However, a 1990 meta-analysis that analyzed the
studies investigating treatment modalities for the pre-
vention of POM found inconsistent research methods
in most of the investigations.2 These inconsistencies
included lack of randomization of subjects, no control
for type of surgical procedure, degree of underlying
disease, differences in physical condition or level of
activity, or rapidity of postoperative ambulation.2,8 In
addition, several lacked pretreatment with equipotent
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doses of nondepolarizing muscle relaxants based on
body weight.2,8,15-19

Lidocaine also has been shown to be effective for
providing prophylaxis against POM in patients who
have received succinylcholine. In fact, a 1993 meta-
analysis reported that intravenous lidocaine pretreat-
ment was more effective than nondepolarizing muscle
relaxants in the prevention of postoperative myalgia.9

This effectiveness has been attributed to lidocaine’s
ability to diminish the responsiveness of the postsyn-
aptic membrane to succinylcholine, thus attenuating
the spasticity of the muscle.19

It has been shown that both lidocaine and rocuro-
nium are effective in decreasing POM, but no com-
parative analysis has been performed to determine
which pretreatment is more effective for the preven-
tion of POM. The purpose of this investigation was to
measure and compare the incidence and severity of
POM in subjects who had received pretreatment with
either lidocaine or rocuronium preceding succinyl-
choline administration.

Methods
A randomized, double-blind study was conducted
after institutional review board approval was obtained
on 74 patients, ASA physical status I or II, ages 18 to
65 years, who were scheduled for surgery of the head
and neck under general anesthesia. Patients were
excluded from the study if they had neuromuscular
disease, significant coexisting disease, increased
intraocular pressure, a recent history of third-degree
burns, or allergies to any of the study medications.
Patients with a history of long-term use of opioids or
nonsteroidal anti-inflammatory drugs or who had a
surgical duration of greater than 12 hours also were
excluded. Subjects were randomly assigned to receive
pretreatment with lidocaine, 1.5 mg/kg, or rocuro-
nium, 0.03 mg/kg, by pharmacy preparation and ran-
domization of sequentially numbered syringes.

During the preoperative period, data were collected
on baseline level of myalgia on a 4-point myalgia
scale. It is a Likert-type scale with a score of none,
mild, moderate, or severe POM. Following baseline
data collection, all subjects were given up to 2 mg of
midazolam in the preoperative hold area.

Subjects then were transported to the operative suite
and, after placement of standard monitors, were posi-
tioned onto the operative table in the supine position,
with a gel pad extending the entire length of the table.
Pretreatment was given using the appropriately num-
bered syringe based on a volume per kilogram of body
weight dose. The time that pretreatment with the exper-
imental or control medication was administered was

considered time zero (0) for data collection purposes.
Thirty seconds after the administration of the pre-

treatment medication, a standardized intravenous
induction agent (thiopental, 3-5 mg/kg) was adminis-
tered. At 3 minutes, succinylcholine (1.5 mg/kg) was
administered intravenously, and the subject was
observed for the presence or absence of fasciculations.

Upon complete ablation of nerve response as evi-
denced by a peripheral nerve stimulator, all subjects
were intubated. Anesthesia was maintained using the
following protocol: (1) isoflurane, 0.5 to 2% titrated to
meet the anesthetic requirements for surgery; (2)
nitrous oxide/oxygen in a 70:30 mixture; (3) sufen-
tanil, 0.5 to 5 µg/kg; and (4) antiemetic therapy
(which included droperidol, 0.625 mg, 15-30 minutes
after induction and ondansetron, 4 mg, 15-30 minutes
before emergence). No maintenance neuromuscular
blocking agents were administered. Data were col-
lected on the incidence of fasciculations by a yes or no,
the severity of postoperative myalgia at 24 and 48
hours using a 4-point myalgia scale, and subject satis-
faction with the effectiveness of the pretreatment on a
5-point scale. This satisfaction scale is a 5-point Likert
scale: (1) completely dissatisfied with amount of mus-
cle pain (continuous muscle pain), (2) dissatisfied
with amount of muscle pain (frequent severe muscle
pain), (3) somewhat satisfied with amount of muscle
pain (infrequent severe muscle pain), (4) satisfied with
amount of muscle pain (only mild to moderate muscle
pain), and (5) completely satisfied with amount of
muscle pain (only mild muscle pain).

Lidocaine Rocuronium
(n = 29) (n = 24)

Age (y) 36 ± 14 (19-64) 37 ± 14 (20-62) 

Weight (kg) 79 ± 16 (51-107) 75 ± 15(47-102) 

Height (in) 68 ± 4 (59-74) 67 ± 5 (56-73) 

Male/female 20:9 14:10
ratio

ASA classification
I 18 9

II 11 15

Surgery 114 ± 83 (9-400) 155 ± 122 (21-445)
length (min)

Sufentanil 59 ± 47 (10-190) 79 ± 109 (10-520)
total (mg)

Table 1. Demographics and study variables*

* Data are given as mean ± SD (range) or number of patients. No significant
difference between groups (P > .05).
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The sample size was estimated to be 74 subjects
(37 in each group) using a power analysis based on an
α = .05, β = .80, and a critical effect size of 0.7 plus
15% for attrition. Demographic variables were com-
pared using Student t tests. Patient satisfaction scores
and severity of POM at 24 and 48 hours were com-
pared between groups with χ2 analysis. The presence
or absence of fasciculations between groups was com-
pared using the Fisher exact test. A P value less than
.05 was considered significant.

Results
Seventy-four subjects were enrolled in this double-
blind investigation. Four subjects were disenrolled
because of a change in surgical procedures, and 17
failed to return a postoperative questionnaire, leaving
53 for data analysis. No significant differences were
noted in age, weight, height, sex, ASA classification,
surgical length, or total sufentanil use (Table 1).

There were no differences in baseline myalgia
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Figure 1. Incidence of fasciculations between the 2
treatment groups. The incidence was recorded as a
yes or no by the researcher.

Lidocaine Rocuronium 
Severity (n = 29) (n = 24)

None 10 (34) 11 (46)

Mild 9 (31) 5 (21)

Moderate 8 (28) 6 (25)

Severe 2 (7) 2 (8)

Table 2. Severity of postoperative myalgia at 24
hours*

* Data are given as number (percentage). No significant difference between
groups (P > .05.)

Lidocaine Rocuronium 
Severity (n = 29) (n = 24)

None 21 (72)† 9 (38)  

Mild 4 (14) 12 (50)  

Moderate 2 (7) 3 (12)  

Severe 2 (7) 0 (0)

Table 3. Severity of postoperative myalgia at 48
hours*

* Data are given as number (percentage).
† Significant difference between groups (P < .05).

scores between groups. Significantly more of the sub-
jects in the lidocaine group (23/29 [79%]) experienced
fasciculations compared with the rocuronium group
(7/24 [29%]) (P = .0003) (Figure 1). Myalgia scores at
24 hours postoperatively showed no statistical differ-
ences between groups (Table 2), but the scores at 48
hours postoperatively did reveal a statistically signifi-
cant difference between groups (P = .02) (Table 3).
Subjects in the lidocaine group had significantly less
POM at 48 hours than those in the rocuronium group.
Overall patient satisfaction scores revealed no signifi-
cant differences between groups (Table 4). The over-

Lidocaine (n = 29) Rocuronium (n = 24)

1 = Completely dissatisfied with amount of muscle pain 2 (7) 1 (4)

2 = Dissatisfied with amount of muscle pain 1 (3) 2 (8)

3 = Somewhat satisfied with amount of muscle pain 1 (3) 2 (8)

4 = Satisfied with amount of muscle pain 8 (28) 3 (12)

5 = Completely satisfied with amount of muscle pain 17 (59) 16 (67)

Table 4. Satisfaction scores*

* Data are given as number (percentage).
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all incidence of baseline, 24-hour postoperative, and
48-hour myalgia scores are given in Figures 2 to 4.

Discussion
We noted a higher percentage of patients in both
groups reporting postoperative myalgia than previous
studies at 24 hours. One previous investigation
reported a 30% incidence of postoperative myalgia
with lidocaine (1.5 mg/kg),14 and another investiga-
tion reported a 17% incidence with rocuronium (0.06
mg/kg) at 24 hours.3 The higher incidence of POM in
the rocuronium group may be due to the decreased
dose used in the present study compared with previ-
ous works (0.03 mg/kg vs 0.06 mg/kg).3 One study of
0.03 mg/kg of rocuronium found this dose to be no
better than normal saline in decreasing the incidence
of postoperative myalgia.6 However, at least 1 investi-
gation demonstrated a 0.03 mg/kg pretreatment dose
of rocuronium to be effective in decreasing the inci-
dence and severity of POM.12 In that investigation,
rocuronium, 0.03 mg/kg, was compared with d-
tubocurarine, 0.05 mg/kg, as a pretreatment 2 min-
utes before succinylcholine administration. In our
investigation, a 3-minute interval was used. Rocuro-
nium’s faster onset than d-tubocurarine may have
contributed to the finding of significantly less postop-
erative myalgia.

Also, time to ambulation, which was not measured

in the present study, may have been a factor in the
subjects who ambulated earlier, because early ambu-
lation time has been identified as a contributing factor
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Figure 2. Comparison of severity of baseline
preoperative myalgia between groups

Baseline postoperative myalgia scores:
1 = no muscle pain
2 = mild muscle pain
3 = moderate muscle pain
4 = severe muscle pain
No significant differences noted in postoperative myalgia between the
lidocaine and rocuronium groups
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Figure 3. Comparison of severity of postoperative
myalgia at 24 hours
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Figure 4. Comparison of severity of postoperative
myalgia at 48 hours

No significant differences noted between lidocaine or rocuronium groups (P =
> .05).
1 = no muscle pain
2 = mild muscle pain
3 = moderate muscle pain
4 = severe muscle pain

Lidocaine significantly better than rocuronium at 48 hours (P = .0213).
1 = no muscle pain
2 = mild muscle pain
3 = moderate muscle pain
4 = severe muscle pain



AANA Journal/October 2002/Vol. 70, No. 5 371

to increasing postoperative myalgia.1,8 Patients who
ambulate early are more likely to notice the myalgia
than those who do not.1,8 Future studies should com-
pare this variable with the incidence and severity of
postoperative mylagia.

At 48 hours, a significant difference was noted in
the severity of postoperative myalgia between groups.
Subjects in the lidocaine group reported significantly
less severe postoperative myalgia than the rocuro-
nium group. The incidence of myalgia was 28% (8/29)
in the lidocaine group and 62% (15/24) in the rocuro-
nium group, a finding consistent with other investiga-
tions. At least 2 investigations have shown an overall
incidence of 22%14 and 30%15 in a reduction in the
postoperative myalgia at 48 hours with a lidocaine
dose of 1.5 mg/kg.14,15

Subjects in the lidocaine group did have a signifi-
cantly higher incidence of fasciculations than those in
the rocuronium group. However, there seemed to be
no relationship between the presence or absence of fas-
ciculations and the severity of postoperative myalgia.
This is consistent with other research findings.2,5-9 The
significantly lower incidence of fasciculations would
be expected in the rocuronium group given the phar-
modynamics of rocuronium. Rocuronium acts as a
competitive inhibitor at the neuromuscular junction,
preventing the binding of acetylcholine, and, when
used in defasiculating doses, it prevents succinyl-
choline-induced muscle fasciculations in a similar
manner.20

Despite the significant difference between lidocaine
and rocuronium in postoperative myalgia at 48 hours,
no significant differences were noted in satisfaction
scores between groups. Of 29 subjects in the lidocaine
group, 25 (87%) reported being satisfied to com-
pletely satisfied with the amount of muscle pain expe-
rienced, as did 19 (79%) of the 24 subjects in the
rocuronium group.

Overall, our results are consistent with previous
investigations that have demonstrated both lidocaine
and rocuronium to be effective in decreasing the inci-
dence and severity of POM.3,9-17,19 Pretreatment with
lidocaine was significantly better than rocuronium at
decreasing the severity of POM reported at 48 hours,
indicating that lidocaine may provide better long-
term attenuation of postoperative myalgia. However,
neither completely eliminated postoperative myalgia.
Despite the slightly higher incidence of POM in our
investigation at 24 hours, most patients were satisfied
to completely satisfied with the amount of POM they
experienced. Possibly a combination of the 2 drugs
may be more effective in decreasing POM, as previous
studies have found a combination of lidocaine and a

nondepolarizing muscle relaxant to be more effective
than either drug alone.14,15

Future investigations should evaluate the combina-
tion of lidocaine and rocuronium as a pretreatment, as
well as higher doses of lidocaine and rocuronium for
the prevention of POM. Lidocaine is an effective pre-
treatment for prevention of succinylcholine-induced
postoperative myalgia at 48 hours. The use of a pre-
treatment agent is important for maximizing patient
satisfaction after succinylcholine is used.
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