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Intensive care
The use of neuromuscular blockers in patients requiring
mechanical ventilation as part of intensive care has been
discussed in a number of reviews1-3 and guidelines.4 Neu-
romuscular blockers are used to provide additional relaxa-
tion and facilitate ventilatory support in patients who fail
to respond to sedation alone. It is important to ensure that
such patients are adequately sedated and relatively pain
free before these drugs are used. Patients who are consid-
ered most likely to benefit are those with spontaneous res-
piration that is counterproductive to mechanical ventila-
tion. Patients with little inherent respiratory muscle
activity are less likely to obtain an improvement in oxy-
genation. Neuromuscular blockers may also improve con-
trol of intracranial pressure in patients with intracranial hy-
pertension, including prevention of rises in intracranial
pressure associated with routine tracheobronchial suction. 
Pancuronium has been widely used as a neuromuscular
blocker in intensive care because of its tendency to in-
crease arterial pressure and the majority of patients requir-
ing a neuromuscular blocker can be adequately managed
with pancuronium; however, its long duration of action
may be a problem in some circumstances, and its vagolytic
activity can also produce tachycardia. Vecuronium, atracu-
rium, and cisatracurium have relatively few cardiovascular
effects, but there has been some concern over the ability of
the atracurium metabolite laudanosine to accumulate in
the CNS (see Biotransformation, under Pharmacokinetics,
p.1905). Atracurium and cisatracurium may also be more
suitable in patients with hepatic or renal impairment as
their metabolism does not lead to the accumulation of ac-
tive metabolites. Other neuromuscular blockers that have
been used in intensive care include doxacurium, pipecuro-
nium, and rocuronium. 
Close monitoring of neuromuscular blockade is recom-
mended since the pharmacodynamics and pharmacokinet-
ics of neuromuscular blockers may be altered in patients in
intensive care;1-4 this should also allow the lowest effec-
tive neuromuscular blocking dose to be used, and reduce
adverse events. Prolonged neuromuscular blockade has
been related to dosage. 
Other factors that may potentiate neuromuscular blockade
include drug interactions, electrolyte imbalance, hypother-
mia, or changes in acid–base balance.1,3 Conversely, dos-
age requirements may be increased in patients with burns
or in those receiving prolonged therapy. Tachyphylaxis has
occurred with some neuromuscular blockers, but may re-
solve on switching to another blocker. 
Prolonged neuromuscular blockade has been associated
with adverse effects and should be avoided when possible.
Recovery after withdrawal of prolonged treatment may be
longer than pharmacologically predicted due to the accu-
mulation of active metabolites; this is a particular problem
for neuromuscular blockers with a long duration of action
and for patients with hepatic or renal impairment. An acute
myopathy has also followed prolonged use, most com-
monly with aminosteroid neuromuscular blockers (see Ta-
ble 1, p.1900); there are case reports suggesting that use of
corticosteroids might increase the risk.4,5 
When rapid reversal of paralysis is necessary an anti-
cholinesterase such as neostigmine may be used, but rela-
tively little is known about the efficacy of anticholineste-
rases in reversing prolonged paralysis.6 
Neonatal intensive care. Neuromuscular blockers such as
pancuronium bromide are used in neonatal intensive care
to obtain muscle relaxation during mechanical ventilation
in infants with severe pulmonary disease, especially in
those whose respiratory efforts are out of phase with the
ventilator.7 They are only used in infants at high risk of
complications such as pneumothorax or intraventricular
haemorrhage; their routine use in all ventilated neonates is
not recommended.8 
Abolition of spontaneous respiration during mechanical
ventilation has had variable effects on the incidence of
pneumothorax in infants with respiratory distress syn-
drome. Although a reduced incidence was found in one
study9 involving infants of less than 33 weeks’ gestation,
in another study10 the incidence was reduced only in
infants with a gestational age of 27 to 32 weeks; no reduc-
tion was obtained in those below 26 weeks’ gestation.
Paralysis also failed to reduce the incidence of pneumoth-
orax or interstitial emphysema in a study11 of infants with

hyaline membrane disease but did appear to speed recov-
ery of lung function. 
The aetiology of intraventricular haemorrhage remains
obscure but there is a well recognised association with ges-
tational age;12 less mature neonates are more susceptible
and the incidence decreases sharply after 30 weeks’ gesta-
tion. There appears to be an association between fluctuat-
ing cerebral blood-flow velocity in the first day of life and
subsequent development of intraventricular haemor-
rhage.13 Respiratory paralysis from the first day of life un-
til 72 hours of age has been reported14 to stabilise both cer-
ebral and arterial blood-flow velocity and to produce a
decrease in the incidence and severity of intraventricular
haemorrhage in infants with respiratory distress syndrome.
However, respiratory paralysis has also been reported to
have no effect on the development of intraventricular
haemorrhage.9,10 
The use of neuromuscular blockers in the newborn is not
without complications. Multiple joint contractures, possi-
bly potentiated by use of aminoglycosides or phenobarbi-
tal, have been reported15,16 in infants given pancuronium,
and regular passive limb movements should be performed
during paralysis. Marked oedema, severe disturbances of
fluid balance, renal failure and death have been reported in
2 neonates.17 Hypoxaemia may develop after induction of
paralysis unless a significant increase in ventilator support
is made;9,13,18 hypotension may also occur.19 Drugs such
as pancuronium which are metabolised in the liver and ex-
creted in the urine have a prolonged action in premature
infants.7 As with adults (see above), continuous use of
neuromuscular blockers in neonates has been associated
with prolonged neuromuscular block on withdrawal.20
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Tetanus
The clinical manifestations of tetanus after infection with
Clostridium tetani are caused by the highly potent neuro-
toxin tetanospasmin produced by its germinating spores. 
The muscular symptoms of generalised tetanus include
trismus (lockjaw), glottal spasm, generalised muscle
spasm, opisthotonus (spasm of the back muscles resulting
in backward arching of the body), respiratory spasm, and
paralysis. Other complications include electrolyte distur-
bances and autonomic dysfunction leading to cardiovascu-
lar effects such as hypertension, tachycardia, and peripher-
al vasoconstriction. Patients may have a milder form in
which the twitching and muscle spasms are limited to the

area near the site of the injury, but such localised tetanus is
rare and can progress to the generalised form. 
Treatment aims to destroy the causative organism and/or
neutralise any unbound toxin in the body, to control rigid-
ity and muscle spasms, and to control autonomic dysfunc-
tion. For the antibacterial treatment and prevention of
tetanus and neutralisation of tetanospasmin, see p.196. Af-
ter antibacterial therapy the mainstay of treatment of rigid-
ity and spasms is sedation with benzodiazepines such as
diazepam or midazolam; they may also reduce patient anx-
iety. Opioid analgesics can be added to treatment to pro-
vide analgesia and additional sedation; in addition, fenta-
nyl, morphine, and sufentanil may control autonomic
overactivity. Antiepileptics, particularly phenobarbital,
may also provide additional sedation. Chlorpromazine is
sometimes used with benzodiazepines to minimise rigidity
and muscle spasms. Sedation with propofol may also con-
trol spasms and rigidity without the need for an additional
relaxant; however, mechanical ventilation is required.
Centrally acting muscle relaxants have also been tried to
control muscle spasms. Baclofen has been given by the in-
trathecal route, but its therapeutic range in severe tetanus
may be very narrow and deep coma and loss of spontane-
ous respiration has been reported. Dantrolene has also
been reported to be effective. When muscle spasms are se-
vere or interfere with respiration, competitive neuromuscu-
lar blockers have been used in addition to benzodiazepine
sedation, to control spasms and to induce therapeutic pa-
ralysis so mechanical ventilation can be initiated. 
Control of autonomic overactivity may be achieved with
sedation; benzodiazepines, antiepileptics, and opioid
analgesics have all been used (see above). Beta blockers
such as propranolol have also been used; however, they are
no longer recommended because of the potential for
severe cardiovascular effects. Labetalol has both alpha-
and beta-blocking activity but offers no advantage over
propranolol. More recently, esmolol, a short-acting beta
blocker, has been used. Magnesium sulfate has been found
to minimise autonomic disturbance in ventilated patients
and controls spasms in non-ventilated patients, but there is
need for further investigation. Electrolyte disturbance is
corrected with calcium and magnesium salts. 
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Alcuronium Chloride (BAN, USAN, rINN)

Alcuronii chloridum; Alcuronium, chlorure d’; Alkuronio chlori-
das; Alkuronium-chlorid; Alkuroniumklorid; Alkurónium-klorid;
Alkuroniumkloridi; Allnortoxiferin Chloride; Cloruro de alcuro-
nio; Diallylnortoxiferine Dichloride; Diallyltoxiferine Chloride;
Ro-4-3816. NN′-Diallylbisnortoxiferinium dichloride.
Алкурония Хлорид
C44H50Cl2N4O2 = 737.8.
CAS — 23214-96-2 (alcuronium); 15180-03-7 (alcuro-
nium chloride).
ATC — M03AA01.
ATC Vet — QM03AA01.

Pharmacopoeias. In Eur. (see p.vii) and Int. 
Ph. Eur. 6.2 (Alcuronium Chloride). A white or slightly greyish-
white, crystalline powder. Freely soluble in water and in methyl
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