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New muscle relaxants for anesthesia during l-day surgery 
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Abstract 

In the last few years, the growth of l-day surgery and the introduction of new techniques have increased the need for general 
anesthesia with endotracheal intubation and mechanical ventilation. The end point of l-day anesthesia is early patient discharge 
home. Therefore, new muscle relaxant agents have been propounded to anesthetists to achieve this. In this paper, we analyze 
pharmacological and clinical characteristics of available newer muscle relaxants and evaluate their possible use in l-day surgery. 
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1. Introduction 

In the last few years, l-day surgery has progressively 
gained importance. In fact, 60% of the patients in the 
US scheduled for surgery are at present treated in an 
outpatient setting [ 11. 

The aim of l-day surgery is to achieve a good 
therapeutic result and an early patient discharge from 
hospital. This makes it necessary to adapt ‘l-day anes- 
thesia’ which includes adequate patient selection and 
anesthesia that provides a rapid recovery of patient 
autonomy. The introduction of new surgical techniques 
(laparoscopic surgery, for instance) extends the indica- 
tions for l-day surgery and increases the need for 
general anesthesia with endotracheal intubation. There- 
fore, muscle relaxants are of major importance in the 
clinical practice of l-day anesthesia, since they permit 
tracheal intubation and mechanical ventilation and fa- 
cilitate the surgical procedures [2]. 

Muscle relaxants act on the neuromuscular junction 
and can be classified into two groups: agonists or 
depolarizing muscle relaxants and competitive or non- 
depolarizing muscle relaxants. 
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Depolarizing muscle relaxants bind to the receptor 
and mimic the action of acetylcholine, a neuromuscular 
mediator. Since these drugs are not inactivated by 
acetylcholinesterase, they bind to the receptor for a 
longer time than acetylcholine. The consequence is a 
prolonged depolarization of the end plate and a neuro- 
muscular block through a mechanism of desensibiliza- 
tion [3,4]. 

Non-depolarizing muscle relaxants have a competi- 
tive action with acetylcholine at the receptor site. After 
binding to the postsynaptic receptor, they block the ion 
channel and the ion flow through it. Therefore, the 
membrane is not depolarized and the muscle becomes 
flaccid [3-51. They are classified in berazylisoquinolin- 
ium compounds, quaternary amines and aminosteroid 
compounds [3]. 

In the last 4 years, four new non-depolarizing muscle 
relaxants (pipecuronium, rocuronium, doxacurium and 
mivacurium) have been commercially available. They 
have been synthesized in an attempt to find the drug 
with the ideal pharmacokinetic and pharmacodynamic 
profile for specific surgical needs. Moreover, other mus- 
cle relaxants such as cisatracurium, a stereoisomer of 
atracurium, have been clinically tested. 

In this paper, we analyze the pharmacological char- 
acteristics of these new muscle relaxants for anesthesia 
and their possible use for anesthesia during l-day 
surgery. 
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1.1. Pipecuronium 

Pipecuronium is a long-acting muscle relaxant which 
provides an ideal condition for tracheal intubation ap- 
proximately 150-300 s after the administration of a 
dose of 0.05-0.07 mg/kg [4,6]. The time of recovery 
from neuromuscular block varies significantly in the 
different studies, which is also due to the diverse 
parameters considered. At a dose of 0.07 mg/kg, the 
recovery of 25% of the response to the first twitch of 
train of four (T, 25%) is 95 min, while the recovery of 
TI 75% is 136 min [6]. At a lower dose (0.05 mg/kg) the 
recovery of 90% of the response to the first twitch of 
the train of four (T, 90%) is 90 min [4]. Pipecuronium 
is an aminosteroid with an elevated renal excretion 
(38%) and a reduced hepatic elimination (2%) [7]. In 
patients with renal impairment, the prolonged half-life 
of elimination (275 vs. 127 min in healthy patients) and 
the reduced clearance (1.5 vs. 2.5 ml/kg per min) make 
this drug unsuitable [8]. Pipecuronium, like other 
aminosteroids, is deacetylated in the liver, and its clear- 
ance may thus be prolonged in patients with hepatic 
impairment. Even though the percentage of drug ex- 
creted in bile in 24 h is low, its elimination may be 
reduced by an extrahepatic biliary obstruction [3]. 

1.2. Doxacurium 

Doxacurium is a benzylisoquinolinium compound 
with a very slow onset of action: the onset time is 6 min 
at a dose of 0.05 mg/kg [9] and lo-14 min at a dose of 
0.025 mg/kg [4]. The duration of action is long. The 
recovery of TI 75% is 116 min at the dose of 0.05 
mg/kg, while the recovery of T, 90% is 80-100 min at 
the dose of 0.025 mg/kg [4,9]. Plasma hydrolysis is not 
significant since this drug is excreted unchanged 
through the kidney at percentages ranging from 25 to 
90% [2,10,11]. Renal impairment reduces its clearance 
and prolongs the half-time of elimination [lo], increas- 
ing the pharmacodynamic effects [12]. The contempo- 
rary use of volatile anesthetic agents reduces the 
required dose of doxacurium by 20-40% if compared 
with the administration of N20 and fentanyl [13]. It 
releases little histamine and has no cardiovascular ef- 
fects [4]. 

1.3. Rocuronium 

Rocuronium is a monoquaternary aminosteroid com- 
pound with a rapid onset time and an intermediate 
duration of action [14- 181. The onset time of the 
neuromuscular blockade after the administration of a 
bolus of 0.6 mg/kg is about 60-70 s with a duration of 
action measured by T, 25% and T, 75% of 43 and 66 
min, respectively [17,18]. This drug does not seem to 
induce significant variations in histamine release and 

guarantees, therefore, a good hemodynamic stability 
[4,19]. Some authors, however, suppose an important 
vagolytic effect [18]. The potency of rocuronium is a 
seventh of that of vecuronium [4] and ’ approximately 
30-33% of the drug is excreted through the kidney 
[20,21]. The pharmacodynamic effects of the drug are 
similar in patients with renal impairment and in healthy 
subjects even if an increased distribution volume of the 
compound and a prolonged half-time of elimination 
have been observed in patients with renal impairment 
[22]. Other authors hypothesize that the administration 
of rocuronium in these patients prolongs the clinical 
effects [21]. This drug has been used at a dose of 6 mg 
in 50 patients as a pretreatment 60 s before induction of 
anesthesia with succinylcholine (1.5 mg/kg). In these 
patients, fasciculation due to depolarization was re- 
duced to 8% and the incidence of myalgia within the 
4th postoperative day decreased to 20-28.6%, making 
it significantly more efficacious than vecuronium [23]. 

1.4. Cisatracurium 

Cisatracurium is a non-depolarizing benzylisoquino- 
linium muscle relaxant of intermediate duration of ac- 
tion. It is a purified stereoisomer of atracurium 3 times 
more potent but with a slower onset of action [24-281. 
Its elimination occurs spontaneously in an organ-de- 
pendent manner by non-enzymatic hydrolysis (Hof- 
mann elimination: degradation rate depends on the 
patient’s pH and temperature producing laudanosine 
and a monoquaternary acrylated metabolite which un- 
dergoes hydrolysis by a non-specific plasma esterase). 
However, hydrolysis of cisatracurium by plasma es- 
terases is not the most important pathway for the 
elimination of the drug [29,30] and this drug can, 
therefore, be used in patients with renal and/or hepatic 
impairment [31]. A lower histamine release than with 
atracurium has been described [32]. 

1.5. Mivacurium 

Mivacurium is the only non-depolarizing muscle re- 
laxant with a short duration of action. This drug is a 
bis-benzylisoquinolinium diester which is rapidly hy- 
drolyzed by plasma cholinesterases at a percentage of 
about 88% compared with succinylcholine [33] and is 
degraded to only partially active metabolites [34,35]. At 
equipotent doses, the onset time of mivacurium is com- 
parable to that of atracurium [11,33]. The onset time is 
not always predictable since it is influenced by some 
factors difficult to evaluate, such as muscular perfusion 
and circulation [36]. The induction bolus (0.20-0.25 
mg/kg) provides good conditions for endotracheal intu- 
bation (abolition of 95-100% of TI) within a time 
period ranging from 90 to 150 s from the administra- 
tion [4]. Other authors report that the mean onset time 
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of mivacurium is longer (229 s) [37]. The duration of 
action is 6-8 min if measured with the recovery index 
(time for recovery of T, from 25 to 75%) and 25 min if 
measured with the recovery of Ti 90% [4]. The func- 
tional recovery from neuromuscular blockade is 2-3 
times faster with mivacurium than with atracurium 
[11,33]. These data are confirmed by other authors who 
demonstrated that the clinical duration and the recov- 
ery from neuromuscular blockade assessed by means of 
the recovery index are significantly shorter with mivac- 
urium (13 and 6 min, respectively) than with rocuro- 
nium (28 and 11 min, respectively), administered in a 
single dose during a general balanced anesthesia [37]. In 
order to maintain an adequate neuromuscular block, 
mivacurium can also be administered by continuous 
infusion since its short plasma half-life does not deter- 
mine accumulation at doses of 6-7 pggikg per min. The 
association of volatile anesthetic agents (halothane and 
isoflurane) and children increases the potency of the 
curare, reducing the dose requirements of infusion by 
32 and 70% from the initial infusion rate after 30 and 
80 min, respectively [38]. The short duration of action 
of mivacurium does not usually make the use of antag- 
onists necessary [39]. Many authors report a functional 
inhibition of plasma cholinesterases due to the adminis- 
tration of anticholinesterase drugs such as neostigmine. 
Therefore, in cases requiring the use of an antagonist, 
edrophonium should be administered, because it does 
not interfere with the plasma cholinesterase activity and 
it provides a much faster recovery from neuromuscular 
block than neostigmine [39,40]. Others disagree with 
the use of edrophonium and suggest the use of neostig- 
mine-pyridostigmine [41-431. In patients with renal or 
hepatic impairment, plasma cholinesterase activity is 
reduced [44] and the distribution volume increased. 
Consequently, the duration of the block in these pa- 
tients is increased by 30-50%. The recovery from neu- 
romuscular blockade is shorter in small children ( < 10 
min), and prolonged in the elderly, in renal- or hepatic- 
impaired patients and in heterozygotes for plasma 
cholinesterase. Known or probable homozygosis (about 
1:2500 to 1:3000 patients) is a contra-indication for the 
use of this drug since variably prolonged blocks ( > 3 h) 
may appear [45]. 

2. Therapeutic considerations 

Before the introduction of the non-depolarizing mus- 
cle relaxants with intermediate duration of action, suc- 
cinylcholine was the most used neuromuscular blocker 
in l-day surgery [2], due particularly to its short onset 
and offset time. On the one hand, succinylcholine has 
unquestionable advantages but, on the other hand, its 
clinical use over the years has evidenced many prob- 
lems. Its parasympathetic mimetic activity may be re- 

sponsible for sinus bradycardias (especially in children) 
and for episodes of bradyasystolic arrest described after 
a repeated dose in adults [2,4]. Besides, the incidence of 
myalgia after the administration of this drug varies 
from 0.2 to 89%, with a higher frequency in females 
and after minor surgery in outpatients, where the anal- 
gesic consumption is reduced. These muscular pains 
may be of severe intensity and last up to 4 days, Many 
authors suppose a correlation between muscle pain and 
muscle damage caused by a desynchronized contraction 
(fasciculation) which appears in the first phase of phar- 
macological muscle paralysis [2-4,24,46-- 501, There are 
also many reports which describe the occurrence of 
hyperkalemia after administration of succinylcholine, 
especially significant in the presence of some patholo- 
gies such as burns, trauma, neuromuscular diseases, 
head injury, abdominal infections and renal impairment 
where a marked release of potassium could cause car- 
diac arrest [2,3,51,52]. Succinylcholine seems also to be 
responsible for increased intragastric, intraocular and 
intracranial pressures [2-4,53-551. Finally, this drug is 
one of the main trigger substances of malignant hyper- 
thermia. a rare but potentially fatal muscular disorder 
[561. 

The non-depolarizing muscle relaxants currently used 
in l-day surgery (vecuronium and atracurium) have 
specific advantages over succinylcholine in terms of 
adverse effects, but they also have a slower onset of 
action and a longer duration of action. 

Among the new muscle relaxants, pipecuronium and 
doxacurium do not appeal to anesthetists practising 
‘l-day anesthesia’. In fact, these drugs are long acting 
[57] and do not allow a rapid recovery and an early 
discharge of patients. 

Rocuronium and cisatracurium, which are intermedi- 
ate-acting muscle relaxants, seem to be more interesting 
in the clinical setting of l-day anesthesia. Rocuronium 
has the most rapid onset of action compared with the 
other non-depolarizing agents, providing good intubat- 
ing conditions within 60 s [23]. It seems to guarantee a 
good hemodynamic stability [4,19] and its onset of 
action, which is almost as rapid as that of succinyl- 
choline, may be useful in patients with residual gastric 
contents [4]. Besides, rocuronium pretreatment is par- 
ticularly effective in reducing fasciculation and myalgia 
due to succinylcholine and, in this respect, rocuronium 
is superior to vecuronium [23]. Cisatracurium may be 
considered the compound of choice for patients with 
renal or hepatic failure [31], and produces lower his- 
tamine release than atracurium [32]. 

There is no doubt that the muscle relaxant of major 
interest for use in l-day surgery is represented by 
mivacurium, because of its short offset time. The onset 
of action is similar to that of atracurium and vecuro- 
nium, but recovery from the blockade is much more 
rapid [4]. Mivacurium appears to be the drug of choice 
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when a rapid and spontaneous recovery from neuro- 
muscular blockade is indicated [37]. Besides, as re- 
ported by some authors [58,59], avoiding the 
administration of antagonists (neostigmine/atropine, 
neostigmine/glycopyrrolate) decreases the incidence of 
postoperative nausea and vomiting, adverse effects that 
limit an early patient discharge. Transient significant 
histamine plasma levels with consequent cutaneous 
flushes and transient hemodynamic changes after a 
rapid administration (5 s) of boluses of mivacurium 
have been reported by some authors [19,60], but no 
statistically significant alterations of the hemodynamic 
values (heart rate and arterial pressure) were reported 
after slower infusion of boluses (15 s) either in young or 
in elderly patients [60]. 

In conclusion, all old and new non-depolarizing in- 
termediate or short-acting muscle relaxants may be 
considered for intermediate or long lasting l-day surgi- 
cal procedures, but mivacurium chloride represents to- 
day the first choice for short procedures, due to its 
pharmacokinetic and pharmacodynamic characteristics. 

References 

[l] dstman PL, White PF. Outpatient anesthesia. In: Miller RD. ed. 
Anesthesia, 4th edn. New York: Churchill Livingstone, Vol 2, 
1994:2213-2246. 

[2] Savarese JJ, Miller RD, Lien CA, Caldwell JE. Pharmacology of 
muscle relaxants and their antagonists. In: Miller RD. ed. Anes- 
thesia, 4th edn. New York: Churchill Livingstone, Vol 1, 
1994:417-481. 

[3] Hunter JM. New neuromuscular blocking drugs. N Engl J Med 
1995; 332(25):1691-1699. 

[4] Bevan DR, Donati F. Muscle relaxants. In: Barash PG, Cullen 
BF, Stoelting RK. eds. Clinical Anesthesia, 2nd edn. Philadel- 
phia: JB Lippincott, 1992:482-484. 

[S] Feldman SA. Neuromuscular blocking agents. In: Feldman SA, 
Paton W, Scurr C. eds. Mechanisms of Drugs in Anaesthesia, 
2nd edn. London: Hodder and Stoughton, 1993:343. 

[6] Stanley JC, Mirakhur RK, Bell PF, Sharpe TDE, Clarke RSJ. 
Neuromuscular effects of pipecuronium bromide. Eur J Anaes- 
thesiol 1991; 8:151-156. 

[7] Wierda JM, Szenohradszky J, De Wit AP. The pharmacokinet- 
its, urinary and biliary excretion of pipecuronium bromide. Eur 
J Anaesthesiol 1991; 8:451-457. 

[8] Caldwell JE, Canfell PC, Castagnoli KP. The influence of renal 
failure on the pharmacokinetics and duration of action of 

PI 

[lOI 

1111 

P21 

pipecuronium bromide in patients anesthetized with halothane 
and nitrous oxide. Anesthesiology 1989; 70:7- 12. 
Basta SJ, Savarese JJ, Ali HH, Embree PB, Schwartz AF, Rudd 
GD. Clinical pharmacology of doxacurium chloride: a new 
long-acting nondepolarizing muscle relaxant. Anesthesiology 
1988; 69:478-486. 
Cook DR, Freeman JA, Lai AA. Pharmacokinetics and pharma- 
codynamics of doxacurium in normal patients and in those with 
hepatic or renal failure. Anesth Analg 1991; 72:145-150. 
Hunter JM. Muscle relaxants in renal disease. Acta Anaesth 
Stand 1994; 38(Suppl 102):2-5. 
Cashman JN, Luke JJ, Jones RM. Neuromuscular block with 
doxacurium (BW A938U) in patients with normal or absent 
renal function. Br J Anaesth 1990; 64:186-192. 

[13] Katz JA, Fragen RJ, Shanks CA. Dose-response relationships 
of doxacurium chloride in humans during anesthesia with ni- 
trous oxide and fentanyl, enflurane, isoflurane, or halothane. 
Anesthesiology 1989; 70:432. 

[14] Foldes FF, Nagashima H, Nguyen HD, Shiller WS, Mason 
MM, Ohta Y. The neuromuscular effects of Org 9426 in patients 
receiving balanced anesthesia. Anesthesiology 1991; 75: 181- 196. 

[15] Cooper RA, Mirakhur RK, Clarke RSJ, Boules Z. Comparison 
of intubating conditions after administration of Org 9426 (ro- 
curonium) and suxamethonium. Br J Anaesth 1992; 69:269-273. 

[16] Cooper RA, Mirakhur RK, Maddineni VR. Neuromuscular 
effects of rocuronium bromide (Org 9426) during fentanyl and 
halothane anaesthesia. Anaesthesia 1993; 48:103- 105. 

[17] McCoy EP, Mirakhur RK, Maddineni VR, Wierda JMKH, 
Proost JH. Pharmacokinetics of rocuronium after bolus and 
continuous infusion during halothane anaesthesia. Br J Anaesth 
1996; 76129-33. 

[18] Booth MG, Marsh B, Bryden FMM, Robertson EN, Baird 
WLM. A comparison of the pharmacodynamics of rocuronium 
and vecuronium during halothane anaesthesia. Anaesthesia 1992; 
471832-834. 

PO1 

[19] Naguib M, Samarkandi AH, Bakhamees HS, Magboul MA, 
El-Bakry AK. Histamine-release haemodynamic changes pro- 
duced by rocuronium, vecuronium, mivacurium, atracurium and 
tubocurarine. Br J Anaesth 1995; 75:588-592. 
Wierda JM, Kleef UW, Lambalk LM, Koppenburg WD, Agos- 
ton S. The pharmacodynamics and pharmacokinetics of Org 
9426, a new non-depolarizing neuromuscular blocking agent, in 
patients anaesthetized with nitrous oxide, halothane and fen- 
tanyl. Can J Anaesth 1991; 38:430-435. 
Cooper RA, Maddineni VR, Mirakhur RK, Wierda JMKH, 
Brady M, Fitzpatrick KTJ. Time course and pharmacokinetics 
of rocuronium bromide (Org 9426) during isoflurane anaesthesia 
in patients with and without renal failure. Br J Anaesth 1993; 
71~222-226. 

1211 

PI 

[231 

~241 

~251 

1261 

Szenohradszky J, Fisher DM, Segredo V, Caldwell JE, Bragg P, 
Sharma ML, Gruenke LD, Miller RD. Pharmacokinetics of 
rocuronium bromide (Org 9426) in patients with normal renal 
function or patients undergoing cadaver renal transplantation. 
Anesthesiology 1992; 77:899-904. 
Findlay GP, Spital MJ. Rocuronium pretreatment reduces sux- 
amethonium-induced myalgia: comparison with vecuronium. Br 
J Anaesth 1996; 76:526-529. 
Urbach GM, Edelist G. An evaluation of the anaesthetic tech- 
niques used in an outpatient unit. Can Anaesth Sot J 1977; 
24:40 1. 
Belmont MR, Lien CA, Quessy S, Abou-Donia MM, Abalos A, 
Eppich L, Savarese JJ. The clinical neuromuscular pharmacol- 
ogy of 51 W89 in patients receiving nitrous oxide/opioid/barbitu- 
rate anesthesia. Anesthesiology 1995; 82: 1139-l 145. 
Boyd AH, Eastwood NB, Parker CJR, Hunter JM. Pharmaco- 
dynamics of the lRcis-1’Rcis isomer of atracurium (51W89) in 
health and chronic renal failure. Br J Anaesth 1995; 74:400-404. 

[27] Ornstein E, Lien C, Matte0 RS, Ostapkovich N, Wolf K, Kisor 
D, Diaz J. Pharmacodynamics and pharmacokinetics of 51W89 
in geriatric surgical patients. Anesthesiology 1994; 81 :A1076. 

[28] Lepage JY, Malinovsky JM, Malinge M, Cozian A, Pinaud M. 
Comparison of equipotent doses of 51W89 and atracurium. 
Anesthesiology 1994; 81:A1090. 

[29] Welch RM, Brown A, Ravitch J, Dahl R. The in vitro degrada- 
tion of cisatracurium, the R&s-R’-isomer of atracurium, in 
human and rat plasma. Clin Pharmacol Ther 1995; 58:132-142. 

[30] Kisor DF, Wargin WA, Schmith VD, Cook DR, Ornstein E. 
Organ-independent Hofmann elimination is the major clearance 
pathway of the neuromuscular blocking agent 51W89 in man. 
Pharm Res 1994; ll:S335. 



W. Mosaner et al. /Ambulatory Surgery 4 (1997) 131-135 135 

[38] Meretoja OA, Wirtavuori K, Taivainen T, Olkkola T. Time 
course of potentiation of mivacurium by halothane and 
isoflurane in children. Br J Anaesth 1996; 76:235-238. 

[39] Devcic A, Munshi CA, Gandhi SK, Kampine JP. Antagonism of 
mivacurium neuromuscular block: neostigmine versus edrofo- 
nium. Anesth Analg 1995; 81(5):1005-1009. 

[40] Abdulatif M, Al-Ghamdi A, Al-Sanabary M, Abdel-Gaffar ME. 
Edrophonium antagonism of intense mivacurium-induced neuro- 
muscular block in children. Br J Anaesth 1996; 76:239-244. 

[41 ] Hart PS, Wright PMC, Brown R, Lau M, Sharma ML, Miller 
RD, Gruenke L, Fisher DM. Edrophonium increases mivac- 
urium concentrations during constant mivacurium infusion, and 
large doses minimally antagonize paralysis. Anesthesiology 1995; 
82:912--918. 

~42 !] Baurain MJ, Demovoi BS, D’Hollander AA, Hennart DA. 
Comparison of neostigmine-induced recovery with spontaneous 
recovery from mivacurium-induced neuromuscular block. Br J 
Anaesth 1994; 73:791-794. 

[31] DeWolf AM, Freeman JA, Scott VL, Tullock W, Smith DA, 
Kisor DF, Kerls S, Cook Ryan D. Pharmacokinetics and phar- 
macodynamics of cisatracurium in patients with end-stage liver 
disease undergoing liver transplantation. Br J Anaesth 1996; 
76:624&628. 

[32] Lien CA, Belmon MR, Abalos A, Eppich L, Quessy S, Abou- 
Donia MM, Savarese JJ. The cardiovascular effects and his- 
tamine-releasing properties of 5 1 W89 in patients receiving 
nitrous oxide/opioid/barbiturate anesthesia. Anesthesiology 
1995; 82:1131-1138. 

[33] Savarese JJ, Ah HH, Basta SJ. The clinical neuromuscular 
pharmacology of mivacurium chloride (BW1090U). Anesthesiol- 
ogy 1988; 68:723-732. 

[34] Head-Rapson AG, Devlin JC, Parker CJR, Hunter JM. Pharma- 
cokinetics and pharmacodynamics of the three isomers of mivac- 
urium in health, in end-stage renal failure and in patients with 
impaired renal function. Br J Anaesth 1995; 75(1):31-36. 

[35] Lien CA. Schmith VD, Embree PB, Belmont MR, Wargin WA, 
Savarese JJ. The pharmacokinetics and pharmacodynamics of 
the stereoisomers of mivacurium in patients receiving nitrous 
oxide/opioid/barbiturate anesthesia. Anesthesiology 1994; 
80(6):1296- 1302. 

[36] Meretoja OA, Taivainen T, Wirtavuori K. Pharmacodynamics 
of mivacurium in infants. Br J Anaesth 1994; 73:490-493. 

[37] Wierda JM, Hommes FD, Nap HJ, Van den Broek L. Time 
course of action and intubating conditions following vecuro- 
nium, rocuronium and mivacurium. Anaesthesia 1995; 
50(5):393--396. 

[43] Fleming NW, Lewis BK. Cholinesterase inhibitors do not pro- 
long neuromuscular block produced by mivacurium. Br J 
Anaesth 1994; 7?:241 --243. 

[44] Phillips BJ, Hunter JM. Use of mivacurium chloride by constant 
infusion in the anephric patient. Br J Anaesth 1992; 68:492-498. 

[45] Fox MH, Hunt PCW. Prolonged neuromuscular block associ- 

ated with mivacurium. Br J Anaesth 1995; 74:237-238. 
[46] Boume JG, Collier HOJ, Somers GF. Succinylchohne (suc- 

cinoylcholine): muscle relaxant of short action. Lancet 1953; 
1:1225-1229. 

[47] Churchill-Davidson HC. Suxamethonium (succinylcholme) chlo- 
ride and muscle pains. Br J Anaesth 1954; i:74- 75. 

[48] Brindle GF, Soliman MG. Anaesthetic complications in surgical 
outpatients. Can Anaesth Sot J 1975; 22:613. 

[49] Brodsky JB, Brock-Unte JG, Samuels SI. Pancuronium pretreat- 
ment and post-succinylcholine myalgias. Anesthesiology 1979: 
51:259. 

[50] Waters DJ, Mapleson WVV. Suxamethonium pains: hypothesis 
and observation. Anaesthesia 1971; 263127. 

[51] Birch AA, Mitchell GD, Playford GA. Changes in serum potas- 
sium response to succinylcholine following trauma. J Am Med 
Assoc 1969; 2 10:490. 

[52] Cooperman LH, Strobe1 GE, Jr, Kennel1 EM. Massive hyper- 
kalemia after administration of succinylcholine. Anesthesiology 
1970; 32:162. 

[53] Miller RD, Way WL. Inhibition of succinylcholine-induced in- 
creased intragastric pressure by nondepolarizing muscle relax- 
ants and lidocaine. Anesthesiology 197 1; 34: 185. 

[54] Pandey K, Gadola RP, Dumar S. Time course of intraocular 
hypertension produced by suxamethonium. Br 1 Anaesth 1972; 
44:191. 

[55] Artru AA. Muscle relaxation with succinylcholine or vecuronium 
does not alter the rate of CSF production or resistance to 
reabsorption of CSF in dogs. Anesthesiology 1988; 68:392. 

[56] Gronert GA. Malignant hyperthermia. Anesthesiology 1980; 
53:395-423. 

[57] Wierda JM, Richardson FJ, Agoston S. Dose-response relation 
and time course of action of pipecuronium bromide in humans 
anesthetized with nitrous oxide and isoflurane, hdlothane, or 
droperidol and fentanyl. Anesth Analg 1989; 68:208-213. 

[58] King MJ, Milazkiewicz R, Carli F, Deacock AR. Inguence of 
neostigmine on postoperative vomiting. Br J Anaesth 1988; 
61:403-406. 

[59] Watcha MF, Safavi FZ, McCulloch DA, Tan TSH, White PF. 
Effect of antagonism of mivacurium-induced neuromuscular 
block on postoperative emesis in children. Anesth Analg 1995; 
80(4):7133717. 

[60] Maddineni VR, Mirakhur RK, McCoy EP, Sharpe TDE. 
Neuromuscular and haemodynamic effects of mivacurium in 
elderly and young adult patients, Br .J Anaesth 1994: 73:608-- 
612. 


