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Rocuronium prevents 
succinylcholine-induced 
fasciculations 

C. Motarned Mo, 
IL Choquettc MD FRCPC, 
F. Donati PhD MD FRCFC 

P ~ ' p o ~ :  The aim of this study was to assess the effect of rocuronium pretreab-,ent at 3 and 1.5 min before 
sucdnytcholine administration on fasdculations, neuromuscular blockade and intubating conditions. 

Methods: Sixty ASA I or II adults scheduled for elective surgery were anae~etised with midazolam, fentanyl, 
propofol, N20 and isoflurane. They were randomised in a double blind manner into three groups: group ROC- 
3 rain (n = 22) received 0.05 mg'kg -I rocuronium, 3 min before 2 rng-kg -I sucdnylcholine; group ROC-1,5 min 
(n = 20) received 0.05 mg.kg -j rocuronium 1.5 min before 2 mg'kg -I succinylcholine; and group NO ROC 
(n = 18) had no rocuronium before injection of 2 mg-kg -I sucdnytcholine. Fasciculations and intubating conditions 
were evaluated by the same physidan who was unaware of the randomisat]on. Neuromuscular block was mea- 
sured at the adductor pollicis with an accelerometer. 

Results: The incidence of fasciculations was lower in the ROC-3 rain (9%) and ROC-1.5 rain (30%) groups 
than in the NO ROC group (83%; P < 0.00 I). The intensity of fasciculations was also less in both p ~ n t  
groups. No statistical difference was noted between pretreatment at 3 and 1.5 rain. Intubating conditions, onset 
time and duration of succinylcholine blockade were comparable in all three groups. 
Conc lus ion :  The incidence and severity ofsucdnylcholine fasciculations can be reduced by giving 0.05 mg.kg -I 
rocuronium either 1.5 rain or 3 rain before succinylcholine. The effects of 2 mg-kg -I succinylcholine with rocuro- 
nium pretmatment, and I mg-kg -j succinyIcholine, without pretreatment, are similar with respect to intubating 
conditions, onset of paralysis and duration of blockade. 

Objectif  : ~valuer I'influence du rocuronium administr6 3 et 1,5 min avant la succinytcholine sur les fascicula- 
tions, le bloc neuromusculalre et les conditions d'intubation, 

M~d~odes : Soixante patients ASA Ie t  II programmds pour une chirurgie non urgente ont dt6 anesth~si6s avec 
du miclazolam, du fentanyl, du propofol et de I'isoflurane. IIs ont 6t6 assignds al6atoirement et en double aveugle 

trois groupes : le groupe ROC-3 min (n = 22) a regu le rocuronium 0,05 mg.kg -~ 3 min avant la succinylcholine 
2 mg-kg -~ ; le groupe ROC-1,5 min (n = 20) a re(iu le rocuronium 0,05 mg.kg -~ 1,5 min avant la succinytcholine 
2 mg-kg - je t  le groupe NO ROC (n = 18) n'a pas re~u de rocuronium avant I'injection de la succinylcholine 
I mg.kg -~. Un m~me m6decin non inform~ de la randomisation a ~alu6 les fasciculations et les conditions d'in- 

tubation. Un acc61drom~re a servi ~ mesurer le bloc neuromusculaire au niveau de I'adducteur du pouce. 

IMmdtats  : l'incidence des fasdculations ~ plus bible dans les groupes ROC-3 min (9%) et ROC-1,5 min 
(30%) que dans le groupe NO ROC (83% ; P < 0,001 ). Les fasciculations ~taient aussi moins intenses dans les 
deux groupes pr~'-ait6s mais sans diff6rence statistique entre 3 et 1,5 rain. Les conditions d'intubation, la vitesse 
d'installation et la dur~e d'action du bloc ~ la succinylcholine ne diff6raient pas entre les trois groupes. 

Conclus ion : I'administration de rocuronium, que ce soit 1,5 ou 3 min avant la succinylcholine, peut r~duire 
I'incidence et I'intensit6 des fasciculations, l'eflbt de la succinylcholine 2 mg.kg -~ avec pr6traltement au rocuroni- 
um est comparable avec celle de la succinylcholine I mg.kg -j sans pr6traltement au regard des conditions 
d'intubat/on, de la vitesse d'installation de la paralysie et de la dur~e du bloc. 
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S UCCINYLCHOLINE is still widely used to 
facilitate tracheal intubation because of its short 
onset of action and rapid recovery. It is especial- 
ly recommended in patients with full stomachs. 1 

However, succinylcholine has many side effects, includ- 
ing fasciculations and post-operative muscle pain. 2 
Succinylcholine-induced fasciculations probably have a 
presynaptic origin, 3 and generally a small dose of non- 
depolarising muscle relaxant is effective in reducing their 
incidence. 4 All non-depolarising muscle relaxants do not 
have the same effectiveness against succinylcholine- 
induced fasciculations. For example, d-tubocurafine, 
even in relatively low doses was found to be superior to 
pancuronium, vecuronium, and atracurium in reducing 
fasciculations, s These variations might be related to dif- 
ferences in presynaptic activity. The optimal time interval 
before succinylcholine injection is also uncertain 
although it appears that better results are associated with 
long intervals (three to five minutes). 6 

Rocuronium has certain characteristics that make it 
a potential candidate as a defasciculant. It is a non- 
depolarising muscle relaxant with fast onset of action, l 
which suggests that the interval between defasciculant 
and succinylcholine could be shortened. Rocuronium 
might have a greater presynaptic activity than other 
muscle relaxants 7 and fasciculations have a presynaptic 
origin, s Therefore it could be effective against succinyl- 
choline-induced fasciculations at intervals shorter than 
three to five minutes which are necessary for most of  
the currendy used non-depolarising defasciculants. 

The aim of  this study was to assess the defasciculant 
properties ofrocuronium bromide, a low potency non- 
depolarising muscle relaxant with fast onset of  action, 
at three minutes (traditional interval) and at 1.5 min 
(short interval) before the injection of  succinylcholine. 
To determine the effectiveness of  succinylcholine pre- 
ceded by rocuronium, neuromuscular blockade and 
intubation conditions were also assessed. 

Patients and methods  
After approval by the local ethics committee and 
informed written consent, 60 ASA I or II adults aged 
18-65 yr and scheduled for elective surgery necessi- 
tating tracheal intubation were enrolled in this double 
blind study. Patients with known or suspected hepat- 
ic, renal or neuromuscular disorders were excluded, as 
were patients with electrolyte abnormality, diabetes or 
those taking medications known or suspected to inter- 
fere with neuromuscular function. Patients with an 
anticipated difficult airway or with a history of  malig- 
nant hyperthermia were also excluded. 

Premedicafion was at the discretion of  the anaes- 
thetist. In the operating room, ECG, pulse oximeter 

and non- invasive blood pressure were monitored. 
Before induction of  anaesthesia, the hand and forearm 
contralateral to the blood pressure cuff were immo- 
bilised. Supra-maximal (60 mA) train of four stimula- 
tion every 15 sec was delivered through surface 
electrodes applied over the ulnar nerve at the wrist. The 
piezoelectric device of  a TOF- G U A R D  accelerometer 
(Biometer International, Odense, Denmark.) was taped 
on the internal aspect of  the distal phalanx of  the corre- 
sponding thumb to assess neuromuscular blockade of  
the adductor poUicis muscle. 

Patients were randomised into three groups. They all 
received 1 nag midazolam, and 1-2 pg-kg -1 fentanyl, 
after the intravenous line was inserted. Anaesthesia was 
induced with 2-3 mg.kg -l propofol, given as a slow 
injection (15-20 see). The accelerometer was turned on 
after loss of consciousness, at which.time control twitch 
height (T l control) was obtained. Succinylcholine was 
given one minute after the start of  the propofol 
injection. In group ROC-3 min, patients received 
0.05 mg.kg -1 (0.005 ml.kg -1) rocuronium, three min- 
utes before 2 mg-kg -1 succinylcholine, and the same vol- 
ume (0.005 ml.kg -1) of normal saline was given 1.5 rain 
before succinylcholine. In group ROC-1.5 rain, normal 
saline was administered three minutes before 2 mg-kg -1 
succinylcholine, and 0.05 mg.kg -l rocuronium was 
injected at 1.5 min before 2 mg.kg -1 succinylcholine. 
Patients in group NO ROC received normal saline 
at 3 and 1.5 min before 1 mg.kg -l succinylcholine 
(Table I). The dose of succinylcholine in group ROC-3 
min and ROC-1.5 min was greater than in group NO 
ROC because pretreatment with a non-depolarising 
muscle relaxant increases the onset time and reduces the 
duration ofsuccinylcholine blockade. 4,s The presence of 
fasciculations and their severity in the upper tnmk and 
limbs were evaluated by the same physician who was 
unaware of the randomisation. Both a five point scoring 
system and a visual analog scale were used (Table II). 

Tracheal intubation was performed 60 sec after the 
injection of  succinylcholine. I f  fasciculations persisted 
after 60 sec, intubation was delayed until their disap- 
pearance. Intubating conditions were also evaluated 
by the same individual as excellent, good, fair, poor or 
impossible (Table III). Anaesthesia was maintained 
with N20 60% and isoflurane 1-1.2% inspired while 
muscle relaxation was achieved with 0.2 mg.kg -l 
rocuronium, once 75% first ~vitch (TL) recovery 
(compared with pre-succinylcholine control) was 
attained. An additional dose of  0.1 mg-kg -1 was inject- 
ed if maximum blockade achieved with 0.2 mg.kg -1 
rocuronium was less than 70% (T l > 30%). 

The following variables were measured: [1] maxi- 
mum sux blockade, defined as lowest (T1) after 
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TABLE I Study design 

CANADIAN JOURNAL OF ANAESTHESIA 

Time -3 rain -1.5 min -1 rain 0 rain 1 rain 

Group ROC-3 min 0.05 mgkg -~ saline 2-3 mg.kg -1 2 mg.kg -l intubation 
rocuronium propofol succinylcholine 

+ 1 
1-2 }ag'kg -l 

fentanyl 
Group ROC-1.5 min saline 0.05 mg'kg -l 2-3 mg'kg -1 2 mg'kg -1 intubation 

+ rocuronium propofol succinylcholine 
1-2 pg'kg -1 

fentanyl 
Group NO ROC saline saline 2-3 mg.kg -l 1 mg-kg -1 intubation 

+ propo.fol succinylcholine 
1-2 pg.kg -l 

fentanyl 

TABLE II Fasciculations score 

Five-point scale 

uo fasciculations 

minimal visible 
fibrillation 

moderate 
contractions 

s e v e r e  

fasciculations 

maximum 
fasciculations 

Visual analogue scale 

i no fasciiulations 

maximum 
fasciculations 

succinylcholine injection; [2] sux onset time, defined 
as the interval between succinylcholine injection and 
maximum succinylcholine blockade; [3] duration to 
25% recovery and duration to 75% recovery, defined as 
the time from injection to recovery of  T 1 =25% and 
T1=75% , compared with pre-succinylcholine control; 
[4] maximum rocuronium blockade defined as the 
largest T 1 depression after 0.2 mg-kg -1 rocuronium. 

Sigmastat JANDEL statistical software was used to 
analyse the data. ANOVA, Kruskall-Wallis A_NOVA on 
ranks, Fisher exact test and Tukeys test were used 

:FABLE III  Intubation scores 

Assessment 

vocal cords open open moving closing closed 
coughing no (while cuff inflation) with clear severe 

with diaphragm diaphragm 
laryngoscopy easy easy fair difficult impossible 

Classification 

intubating excellent good fair poor impossible 
conditions 

TABLE IV Demographic data 

GROUP R OC-3 rain R OC-1.5 rain NO R OC TEST P 

Number of patients 22 20 18 
Age (yr) 42.2 • 10.3 43.2 • 13.9 39.8 • 13.5 ANOVA* NS 
Sex : male/female 4/18 6/14 4/18 Fisher Exact test NS 
Weight (kg) 66.1 • 13.8 70.0 • 11.9 69.5 • 9.9 ANOVA NS 
Height (cm) 170.6 • 9.7 170.3 • 8.2 169.1 • 9.2 ANOVA NS 
Propofol dose (mg) 178 • 28 189 • 43 186 • 28 ANOVA KW~ NS 
Fentanyl dose (pg) 138 • 25 152 • 30 138 • 39 ANOVA KW NS 

*= One way analysis of variance 
t= Kruskall Wallis ANOVA on ranks 
NS = non significant, ROC= rocuronium, (mean • SD, where applicable) 
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TABLE V Incidence and intensity offasciculations 

ROC -3 min ROC -1.5 rain NO ROC 

Number of patients 
who fasciculated 2*(9%) 6*(30%) 15 (86%) excellent 
Intensity: fivc-point scale good 
median • quartile 0 • 01" 0 • 11" 2 • 1 

fair 
Intensity: visual 
analogue score poor 
median • quartile 0 • 01 0 • 0 ~ 5.5 + 3 impossible 

*= P < 0.001 Fisher exact test, t= p < 0.001 compared with 
NO-ROC group, Kruskall-Wallis one way ANOVA on ranks fol- 
lowed by multiple comparisons procedure, Dunns method 

TABLE VII Intubating conditions 

Intubating 

conditions ROC-3 rain ROC-1.5 rain NO ROC 

11 13 7 

11 3 6 

0 4 5 

0 0 0 

0 0 0 

No statistically significant difference 
(Kruskall -Wallis one way ANOVA on ranks) 

TABLE VI Characteristics of Neuromuscular Block 

ROC -3 rain ROC -1.5 rain NO ROC P 

Sux onset time (see) 94 + 28 81 • 22 93 • 39 NS 
Maximum sux blockadc (%) 100 • 0 100 • 0 100 • 0 NS 
Duratio,a to 25% recovery (min) 6.2 • 1.9 6.7 + 3.0 5.9 • 1.9 NS 
Duration to 75% recovery (min) 9.0 • 2.8 10.0 • 3.3 9.2 • 3.4 NS 
Maximum roc blockade (%) 73 • 18 74 • 11 54 • 19 P< 0.05* 

(mean • SD) 
sux = succinylcholine; roc = rocuronium, *= NO-ROC versus both pretreated groups, NS = non significant, KruskaU Wallis one way 
ANOVA on ranks and multiple comparison procedure (Tukeys test). 

when appropriate and a difference associated with a 
P value o f  less than 0.05 was considered statistically 
significant. 

R e s u l t s  

There was no difference among  the three groups with 
respect to  age, sex distribution, weight, height and dose 
o f  anaesthetics (Table IV). Fasciculations occurred in 23 
patients: two in the R O C - 3  rain group, (9%), six in the 
ROC-1 .5  rain group,  (30%), and 15 in the N O  R O C  
group (83%), P < 0.001 (Table V). The severity o f  fasci- 
culations was lower in the pretreatment groups com- 
pared with the N O  R O C  group P < 0.001, (Table V). 
There was no difference between both pretreatment 
groups with respect to incidence and severity o f  fascicu- 
lations (Table V). 

Onse t  time and durat ion o f  succinylcholine block- 
adc did no t  differ a m o n g  the three groups (Table VI).  
Max imum blockade after 0.2 mg.kg  -1 rocuron ium was 
less in the N O  R O C  group  than in the pre t rca tment  
groups  (P  < 0.05;  Table VI).  

In tuba t ing  condi t ions  were rated as excellent, 
good ,  or  fair in all patients. There  was no  difference 
a m o n g  groups (Table VII) .  

D i s c u s s i o n  

This s tudy shows that 0.05 mg.kg  -1 rocuronium,  
3 min or  1.5 min before succinylcholine administra- 

t ion reduces the incidence o f  succinylcholine-induced 
fasciculations. This regimen has no  effect on the neu- 
romuscular  characteristics o f  succinylcholine provided 
that  the dose o f  the depolarising agent  is increased 
f rom 1 to 2 mg.kg  -1. In  addition, injection o f r o c u r o -  
n ium after recovery f rom succinylcholine blockade 
produces  a more  p ro found  blockade if rocu ron ium 
has been used as pretreatment .  The  incidence o f  fasci- 
culations and the characteristics o f  succinylcholine 
blockade were no t  altered when the pre-curarisation 
interval was reduced f rom 3 to 1.5 min. 

Pretreamaent with a non-depolarising muscle relaxant 
is commonly used in clinical practice to prevent fascicula- 
tions mad post-operative myalgias. 9 A large number  o f  
non depolarising muscle relaxants have been assessed ha 
this setting. 4-6,~~ I t  seems that d-tubocurarine is the 
most appropriate drug to prevent fasciculations, s The 
optimal time interval between precttrarisation and injec- 
tion o f  succinylcholine has also been studied and it 
appears that a waiting time o f  three to four minutes is 
optimal. 6 I t  is likely that the onset o f  the defasciculafing 
effect o f  non-depolarising muscle relaxants is similar to 
the onset o f  neuromuscular blockade. Thus, the proba- 
bility o f  fasciculations decreases with longer time'intervals 
between pretreatment and succinylcholine administra- 
tion. The speed o f  action o f  non-depolarising muscle 
relaxants is inversely related to drug potency 16 and this 
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probably explains the effectiveness of rocuronium, a low 
potency drug, 17 as a defasciculant, even if the interval is 
short. 

When the interval was 1.5 min, 30% of  patients given 
rocuronium fasciculated compared with 9% with a 
3-min interval. The difference was not statistically sig- 
nificant. Assuming a real difference of  20% between the 
two time intervals, power analysis shows that a study 
involving 130 patients (65 per group) would be 
required to demonstrate a statistically significant differ- 
ence with a probability of  80%. Considering that the 
intensity of  fasciculations was small in both precurarisa- 
tion groups, demonstrating a difference between the 
3 and 1.5 min intervals might not be worth the effort. 
The reported incidence of  fascicttlations with 
0.05 mg.kg -1 d-tubocurarine administered three to four 
minutes before succinylcholine is between 10 and 
30%. 4,13,14 We found a similar incidence (9% and 30%) 
in our rocuronium pretreated groups. A large number 
of patients would be required to demonstrate which 
pretreatment (d-tubocurarine or rocuronium) is superi- 
or because the reported incidence of  fasciculations is 
similar with both groups. Comparison between rocuro- 
nium and a non-depolarising agent other than 
d-tubocurarine is not necessary since 0.05 mg-kg -1 
d-tubocurarine, three to four minutes before succinyl- 
choline has been reported to be the optimal pretreat- 
ment regimen, s 

Neuromuscular blockade was monitored with 
accelerography because it is an easy and convenient 
method in current clinical practice and results are 
comparable with other techniques. 18 The other advan- 
tage of  accelerography that a stabilisation period is not 
required. 19 Thus, the drugs were given in a sequence 
which mimics the clinical situation. However, it was 
impossible to determine whether the pre-curarising 
doses ofrocuronium had any detectable neuromuscu- 
lar effect. It  is unlikely that 0.05 mg-kg -1 rocuronium 
produced any neuromuscular block because it is one 
quarter of  the ED~0 dose. 17,2~ 

The mean onset time to maximum succinylcholine 
blockade was longer here (89 sec) than in a previous 
study, zl Duration to T25% Ta recovery was also short- 
er (6.2 min vs  9.8 min), probably because nitrous 
oxide, which is known to potentiate succinylcholine, 22 
was not used before succinylchofine. In addition, if a 
mechanomyographic device is used, the duration and 
type of stimulation before stabilisation can affect neu- 
romuscular blockade. 24 A long stabilisation period, as 
in the previous study, 2! is associated with shorter onset 
times and long duration. 23 The dependence of  onset 
time on stabilisation period has not been observed 
with accelerography. 19 

Our intubating scores were lower (80% good or 
excellent conditions) compared with some other stud- 
ies (over 95% good or excellent conditions). 4,I4,21 
One of  the reasons for this discrepancy might be our 
use of  a five point scoring system instead of  a four 
point scale as in other studies. We considered total 
absence of  any movement or cough following intuba- 
tion and cuff inflation as excellent. In other studies 
minimal cough during laryngoscopy was considered 
excellent whether or not movement occurred with 
cuff inflation. However, intubating conditions were 
adequate for all patients and scores were comparable 
to a previous study with a five point evaluation. 12 The 
use of  propofol as an induction agent in this study is 
unlikely to make intubating conditions worse than 
with thiopentone. A recent study suggests that intu- 
bating conditions are worse with thiopentone than 
with propofol. 24 

Fasciculations were assessed using two different 
scales, a five point system and a visual analogue scale. 
Both scales gave similar results and probably can be 
used interchangeably. The incidence of  succinyl- 
choline induced fasciculations in the general popula- 
tion varies between 78% and 90%, 2s which is 
comparable with our findings (83%), and it appears 
that there is no sex or age predilection in the adult 
population. 2s In our study there were more female 
than male patients (46 v s  14). 

The dose of  0.05 mg.kg -l rocuronium was chosen 
because it has approximately equipotent to 0.007 
mg.kg -1 vecuronium, since the ED9s of  rocuronium, 
(0.3 mg.kg-1), 17,2~ is approximately seven times the 
ED95 of  vecuronium, (0.04 mg.kg-l). 26 This dose is 
slightly less than 0.01 mg-kg -1 vecuronium, which has 
been shown to cause symptoms of  weakness (heavy 
eyelids, blurring of  vision) in awake patients. 27,2s 
Reducing the interval between pre-treatment and 
induction of  anaesthesia, which is possible with 
rocuronium, also decreases the possibility of  these 
symptoms. The potency of  rocuronium is also close of  
that of  d-tubocurarine (ED% = 0.34-0.5 mg.kg-l). 29 
Therefore, the dose of  rocuronium used here was the 
same as that of  d-tubocurarine commonly used for 
pretreatment. 

Onset and duration of  neuromuscular blockade 
was similar after 2 mg.kg -1 succinylcholine with pre- 
treatment and 1 mg.kg -1 succinylcholine without 
pretreatment. This indicates that, with rocuronium 
pretreatment, doubling the succinylcholine dose is 
necessary to achieve the same effect. This is in accor- 
dance with a previous dose-response study, s where 
succinylcholine EDs0 was increased two-fold after pre- 
curarisation with d-tubocurarine. 
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Although absence of  fasciculations in any patient 
does not  guarantee freedom from post-operative 
myalgias, 2,xs pretreatment with non depolarising mus- 
cle relaxants has been shown to reduce the incidence 
o f  both fasciculations and myalgias. 9 The effect o f  
rocuronium pretreatment on post-operative myalgias 
needs to be assessed in a further study. However, a 
pretreatment regimen which reduces the incidence of  
fasciculations is likely to decrease the incidence of  
myalgias and tends to be more acceptable clinically. 

In a recendy published study, Findlay and Spittal s~ 
found, in adults, that a single dose (6 mg) of  rocuro- 
nium one minute before the injection of  1.5 mg.kg -1 
succinylcholine was effective as a defasciculant and 
prevented myalgias. However, assessment o f  fascicula- 
tions was not  double blind and neuromuscular block 
was not  measured. In addition, the dose o f  rocuroni- 
um used in that study (6 mg) might be unnecessarily 
high. The present study shows a considerable reduc- 
tion in the incidence and severity o f  fasciculations with 
a much smaller dose (3.5 mg in the 70 kg patient). A 
dose o f  6 mg rocuronium before induction is approx- 
imately equivalent to 0.015 mg.kg q vecuronium. It 
might produce symptoms of  neuromuscular weak- 
ness 27,28 and predispose patients to the risk of  aspira- 
tion. Another  recent  repor t  31 compared saline, 
0.05 mg.kg -1 d-tubocurarine,  and 0.03 mg.kg -1 
rocuronium two minutes before 1.5 mg.kg -1 succinyl- 
choline. This small dose of  rocuronium was reported 
to be effective against both fasciculations and myal- 
gias. In both these studies, the succinylcholine dose 
was not  increased in precurarised groups to compen- 
sate for its reduced effectiveness, and neuromuscular 
blockade was not  measured. 

Rocuronium has been reported to produce pain on 
injection, s2 The same problem also occurs with admin- 
istration of  propofol. To minimise patient discomfort, 
intravenous fluid was infused rapidly before and dur- 
ing induction of  anaesthesia, and our subjects were 
warned that any drug might cause pain on injection. 
Although the evaluation of  pain was not  the purpose 
o f  the study, it appears that rocuronium causes less 
pain than does propofol. 

In summary, 0.05 mg.kg -1 rocuronium injected 
either at 3 or 1.5 min before succinylcholine reduced 
the incidence o f  fasciculations with no difference in 
neuromuscular  block and intubating conditions. 
Because of  the effectiveness of  rocuronium in suc- 
cinylcholine induced fasciculations, it would be appro- 
priate to evaluate this regimen for postoperative 
myalgias. However, such a study would require a large 
number  of  patients because the incidence of  myalgias 
is lower than the incidence o f  fasciculations. 
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