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Summary Among all the drugs used for general anaesthesia, neuromuscular blocke

appear to play a prominent role in the incidence of severe adverse reactions.
now seems likely that most serious adverse drug reactions occurring during a
aesthesia are immunological in type. The frequency of life-threatening anaphy
lactic or anaphylactoid reactions occurring during anaesthesia has been estima
to be between 1 in 1000 and 1 in 25 000 anaesthetic procedures, with the neu
muscular blockers being involved in 80% of cases. The mortality from suct
serious reactions is reported to be in the range of 3.4 to 6%. The highly immun
genic drug, suxamethonium chloride (succinylcholine), was found to be the mo:
hazardous agent. Drug-specific immunoglobulin E antibodies to suxamethoniur
chloride and other neuromuscular blockers have been demonstrated. This ser
tivity to neuromuscular blockers seems to be a long-lasting phenomenon.
During anaesthesia, the clinical features of an allergic reaction are ofte
masked. Tachycardia and circulatory collapse may be the only signs of an allerg
reaction, and they are easily misdiagnosed. Bronchospasm is reported to be pr
ent in about 40% of cases. Successful management of these patients inclu
stabilisation during the acute reaction and avoidance of future reactions. The lat
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is based on the identification of the causative drug and potentially cross-reactir
compounds.

The use of suxamethonium chloride is associated with many other adver:
effects, such as fasciculations, myalgia, potassium release, changes in the he
rate, increases in intragastric and intraocular pressures, and malignant hyperth
mia. Because of the dangers of hyperkalaemic cardiac arrest after suxamethoni
chloride administration in children with unrecognised muscular dystrophy, ther
have now been moves to limit the use of this drug in children.

Although neuromuscular blockers are designed to specifically block nicotinic
cholinergic receptors at the neuromuscular junction, many bind to muscarini
cholinergic receptors on ganglia and smooth muscle, and alter parasympathet
ally mediated heart rate and airway calibre. Most benzylisoquinolinium muscls
relaxants can induce histamine release, especially when they are administer
rapidly, which can lead to disturbances of cardiovascular function. In addition
nondepolarising neuromuscular blockers have been implicated in causing ge
eralised weakness following their long term administration to patients on a
intensive care unit.

The problem with these adverse drug reactions is their unpredictable natur
Therefore, prompt recognition with appropriate therapy can help to improve th
outcome.

Neuromuscular blockers are frequently impli- that suxamethonium chloride was the most hazat
cated in systemic adverse reactions during generalus neuromuscular blocker, while pancuroniut
anaesthesia; the Committee on the Safety of Medsromide was the best tolerated (tablé?l).
icines in the UK reported that 10.8% of adverse It now seems likely that most serious advers
drug reactions (218 out of 2014) of and 7.3%drug reactions occurring during anaesthesia are il
deaths (21 out of 286) during general anaesthesiaunological in naturé&l The Boston Collaborative
were attributable to neuromuscular blocké&r¥he  Drug Surveillance Program in the US estimate
incidence for 3 of the currently used drugs is showrihe incidence of severe allergic reactions to be
in table 1. per 10 000 hospital patients, with a mortality i

The highest mortality rate among neuromuscuaffected patients between 3 and 8%The fre-
lar blockers has been noted with suxamethoniunluency of life-threatening anaphylactic or anaph
chloride (succinylcholine), which is responsible lactoid reactions occurring during anaesthesia h
for 81% of deaths associated with neuromusculapeen estimated to be between 1 in 1000 and 1 in
blockersi! Similarly, the National Adverse Anaes- 000 anaesthetic procedures, with the neuromus:

thetic Reactions Advisory Service in the UK notedlar blockers involved in 80% of casé€$! The mor-
tality from such serious reactions is reported to |

, , in the range of 3.4 to 6%?2! Minor systemic reac-
Table |. Adverse reactions to neuromuscular blocking reported to . . . .
the Committee on Safety of Medicines in the UK between 1964 and tions attributable to histamine release prObany 0

198514 cur in >1% of all anaesthetic proceduf®sNeu-

Neuromuscular blocker Number of adverse ~ Number of romuscular blockers are the triggering agents
— reactions® deaths 50% or more of these reactiols.

Atracurium besilate IS ! This review focuses on the adverse effects

Suxamethonium chloride 63 17 . . .

(succinylcholing) suxamethonium chloride and the currently avai

Vecuronium bromide 14 0 able nondepolarising neuromuscular blockers, al

a Such as syncope, palpitations, apnoea, cardiac arrest, seizures  their antagonists. Adverse effects of older druc
and application-site reaction. such as gallamine triethiodide, alcuronium chlo

0 Adis International Limited. All rights reserved. Drug Safety 1998 Feb; 18 (2)
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Table II. Incidence of reports of serious anaphylactoid reactions during inductions of anaesthesia with various neuromuscular blockers (after
Watkins, 23! with permission)

Neuromuscular blocker 1985 1986 1987 1988 1989 1990 1991 1992
Suxamethonium chloride 28 45 48 52 61 73 44 a7
Tubocurarine 4 5 4 7 3 5 1 1
Vecuronium bromide 1 9 10 15 12 14 15 12
Atracurium besilate 8 5 11 10 23 25 22 22
Pancuronium bromide 1 2 3 2 3 2

ide and fazadinium are not discussed. Drug intereonsidered in a patient with profound myocardic
actions between neuromuscular blocking agentslepressioft3! The use of antihistamines and/o
and other drugs, and the effects of pH, temperaturesorticosteroids is controversial.

electrolytes, age or disease states are outside the The investigation of a reaction during anaesth

scope of this review. sia requires serial blood samples during the first
to 72 hours and further laboratory tests, such
1. Mechanisms intradermal allergen testing, leucocyte histamin

_ _ _ release testing and antigen-specific immunoglob

Four mechanisms of allergic reactions havejin E (IgE) antibody testing (radioallergo-sorben
been postulated: type | immune-mediated hypertest: RAST)41214.15] The possibility of cross-
sensitivity, classical pathway activation of the reactivity with other neuromuscular blocker:
complement system, alternative complement actishould also be investigated, and the patient isst
vation and a direct pharmacological effect (fig. with an appropriate ‘warning-card’.
1)122

3. Specific Adverse Effects
2. General Management

- . . . 3.1 Hoematological Effects
Clinical features of allergic reactions are easily

overlooked and/or misdiagnosed during anaesthe- Approximately 20% of children receiving intra-
sia. Cardiovascular collapse accompanied bwenous suxamethonium chloride, and 40% recei
tachycardia are the presenting features in abouhg suxamethonium chloride plus halothane, wi
80% of case¥] develop myoglobinaemi&®171 This adverse effect
The goals of treatment are to correct arterialis seen less frequently in aduf&!7]

hypoxaemia, inhibit further release of chemical In children, the susceptibility of muscle to re
mediators, and restore intravascular volu#iél  lease myoglobin following depolarisation with suxa
100% oxygen and intravenous epinephrine (adrenmethonium chloride cannot yet be explained. Amor
aline) 10 to 2Qug/kg should be administered im- the theories on the aetiology of suxamethoniu
mediately. Early tracheal intubation with a cuffed chloride—induced muscle damage, it has been sl
tracheal tube should be considered in patients witlgested that shearing forces associated with the f
rapidly developing angioedema. Fluids (crystal-ciculations at the onset of blockade produce mu
loid and/or colloid solutions) must be administeredcle fibre damag&8! However, the development of
concurrently. Norepinephrine (noradrenaline) or amyoglobinaemia is not dose-related, and can occ
sympathomimetic drug (metaraminol, phenyleph-with or without fasciculationg2:20 The prophy-
rine) delivered intravenously may also be necestactic administration of defasciculating doses
sary to maintain perfusion pressure until intravasnondepolarising neuromuscular blocking agen
cular fluid volume can be restored. Dysrhythmiassignificantly reduces the degree of myoglobina
should be treated and the use of a cardiac assistia/myoglobinuria observed in children, includ
device, e.g. an intra-aortic balloon pump, may beng those as young as 2 years Bk
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Fig. 1. lllustration of the possible mechanisms of allergic reactions induced by anaesthetic drugs (including neuromuscular blocking
agents). The in vivo administration of a drug or a drug hapten combining with a large carrier molecule can induce the synthesis of
specific immunoglobulin E (IgE) antibody against drug (sensitisation). IgE antibodies bind to the high affinity receptor for the Fc,
fragment of IgE (Fc.RI) present on the surface of basophils and mast cells. On subsequent exposure, the drug combines with IgE
antibody on basophil/mast cell surface, leading to release of chemical mediators (such as histamine, prostaglandins, platelet aggre-
gating factor, serotonin and tryptase) resulting in anaphylaxis (type | hypersensitivity). There is also the possibility that some drugs
are able to activate the classical or alternative pathways of complement. In this case, anaphylatoxins (C3a and C5a) can induce the
release of chemical mediators through an interaction with specific membrane-bound receptors. Finally, histamine can be released
because of a direct effect of the drug on basophil/mast cells. In contrast to anaphylaxis, an allergic reaction caused by activation of
the complement system (direct or indirect) or because of the direct effect on basophil/mast cells does not require prior sensitisation
and can occur with the first exposure to the drug.
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Although myoglobinaemia does not usually creased in children, with repeated doses, and in:
cause clinical problems, in some cases, it can inpresence of hypoxia and/or electrolyte abnorma
duce acute renal failuf&?l The glomerular tubules ties (e.g. hyperkalaemia). The risk is also increas
excrete myoglobin, which dissociates into ferri- in patients with digitalis toxicit§2:43]
haemate at pH values <5.6. Ferrihaemate is toxic Since it comprises 2 molecules of acetylcholin
to the proximal tubular cell83 Urine alkalinisa-  linked together, suxamethonium chloride may re
tion prevents dissociation, and the use of loop oproduce all of the effects of acetylcholine at bot

osmotic diuretics is beneficial. nicotinic and muscarinic receptdfél Neverthe-
less, stimulation of sympathetic ganglia has be
3.2 Cardiovascular Effects invoked as being a probable cause of the tachyc

di d death db h dia and increase in blood pressure, which sor
Cardiac arrest and death caused by acute YP&{imes transiently occur after the administration ¢

kalaemic rhabdomyolysis have been reported foI—this drug®4! Likewise, stimulation of parasympa-

thetic ganglia, or direct stimulation of cardiac mu

lowing suxamethonium chloride 1 to 2 mg/kg in
. . 2] o .
children with Duchenne muscular dystropry. carinic receptors, may be responsible for the ma
commonly occurring bradycardia. Differences i

This resulted in the US Food and Drug Adminis-

tration recently mandating changes in the SUX8osting sympathetic and vagal tone are believed
methonium chloride package insBf28 Because g symp 9

. . account for the more frequent occurrence of tach

of the dangers of hyperkalaemic cardiac arrest afteéardia in ‘vagotonic’ adults and bradveardia i

suxamethonium chloride in children with unrecog-, g L y
sympathotonic’ children.

nised muscular dystrophy, there have now been . N .
ystrophy The transient mild increase in blood pressure

moves to limit the use of suxamethonium chloride . L ) ) :
in children(28-31] possibly the result of the initial fasciculations in

The administration of suxamethonium chlorideducmg an increase in venous return, which m:

in healthy humans results in a small increase irfleSO resuIF mhbradycg(;d@. St;}mulaltlonbof afftlergr
serum potassium lev&®! Depolarising muscle re- receptors in the carotid sinus has also been clain

laxants act at the motor end-plate of normal muscld® cause reflex bradycardia. The vagal type of €

cells, and open a ligand-gated ion channel allowfect with intravenous suxamethonium chloride i

ing sodium and calcium ion influx and potassium”Ot observed after intramuscular administratiol

ion efflux. This initiates depolarisation of the mus- The negative inotropic and chronotropic respons
cle celll33] can be attenuated by prior administration of atr
Administration of suxamethonium chloride to Pin€, ganglion-blocking agents (e.g. trimetaphz
patients with a variety of other clinical conditions ca@msilate) or small doses of nondepolarising ne
can produce an exaggerated hyperkalaemic rgomuscular blocker! 4%l
sponse, resulting in ventricular dysrhythmias and When benzylisoquinolinium muscle relaxant
cardiac arrest. This exaggerated release of potaée-g. mivacurium chloride, atracurium besilate
sium ions after administration of suxamethoniummetocurine or tubocurarine) are rapidly adminis
chloride has been reported in patients after massivi¢red, significant increases in plasma histamir
traumal34 burnsi3®! neuromuscular disea&§37  levels may occur (fig. 2§8-5% This is frequently
intra-abdominal infectiod®! and closed head in- associated with facial erythema, reductions in a
jury.[39 terial pressure and increases in heart rate (figs
Sinus bradycardia, junctional rhythms and ven-and 4)i*8491 Naguib et al*®l noted average peak
tricular dysrhythmias, ranging from unifocal pre- increases in plasma levels of histamine of 370, 2
mature ventricular contractions to ventricular and 252% of the control values 1 minute after t
fibrillation, have been reported with suxamethon-administration of mivacurium chloride, atracuriun
ium chloridel“241 The risk of dysrhythmias is in- besilate and tubocurarine, respectively. This a

0 Adis International Limited. All rights reserved. Drug Safety 1998 Feb; 18 (2)
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verse effect is absent with doxacurium chloride anccies4 Steroidal compounds (e.g. rocuroniur
cisatracurium besilaté!521 and may be reduced bromide, vecuronium bromide, pancuronium br
considerably by a slower rate of injection. It is alsomide or pipecuronium bromide) do not induce hi:
prevented by prophylactic use of combinations oftamine release (figs 2 to #$.4°!

histamine H and H antagonist&3! Ganglionic Although neuromuscular blockers are design
blockade secondary to the administration of tuboto specifically block nicotinic cholinergic recep
curarine has been shown to occur in various spetors at the neuromuscular junction, many bind

3000 Mivacurium chloride
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Vecuronium bromide

Rocuronium bromide
2500 T
2000 —
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1 [ 1 [ 1 [ 1 [
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Fig. 2. Plasma histamine levels after administration of mivacurium chloride, atracurium besilate, tubocurarine, vecuronium bromide
or rocuronium bromide. The horizontal lines within each box indicate the median, the rectangular symbols within each box indicate
the mean, the lower and upper borders of the box indicate the 25th to 75th percentiles, and the extended bars indicate the overall
ranges of values (from Naguib et al.,*8l with permission). Symbol: * = p < 0.01 vs control values.
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Mivacurium chloride

muscarinic cholinergic receptors on ganglia, nerve
Atracurium besilate

endings and smooth muscle, and alter the para-
sympathetically mediated heart r&@. +10+

Pharmacologically, muscarinic acetylcholine
receptors have been classified into 3 main sub- v
types, termed neuronal{Mcardiac-M and func-
tional smooth muscle or glandulars®-57] Five
muscarinic receptors have been cloned from rat
and human tissué%:6% Cloned m1, m2, m3 and
m4 muscarinic receptors correspond to the phar-
macologically defined M M, M3 and M, receptor
subtypes, respectivel§p-62]

In contrast to benzylisoquinolinium com-
pounds, steroidal compounds generally exhibit a
vagolytic property. An interaction with cardiagM
muscarinic receptors has been demonstrated, with
a rank order of potency of: pancuronium bromide 30 AE m o A
> vecuronium bromide > pipecuronium bromide > -
rocuronium bromidée3! The vagolytic effect of
pancuronium bromide increases heart rate, and
hence blood pressure and cardiac ouf§fiit. —40-

Pancuronium bromide probably increases heart 100 0 100 200 300 400 500 600
rate via both a vagolytic effect and sympathetic Change in plasma histamine level (pg/ml)
stimulation(®®! This adverse effect is moderate af-
ter pancuronium bromide, slight to moderate afterFig. 3. Correlation of changes from control values between
rocuronium bromide, and absent with pipecuron-plasma histamine levels and mean arterial pressure 3 minutes
ium bromide and vecuronium bromide. All steroi- gfter administration of mivacurium chloride 0.2 mg/kg, _atracur-
X . ium besilate 0.6 mg/kg, tubocurarine 0.5 mg/kg, vecuronium bro-
dal neuromuscular blocking compounds contain amide 0.1 mg/kg or rocuronium bromide 0.6 mg/kg (n = 75; r =
acetylcholine-like fragment in the D-ring, and pos--0.38; p <0.001) [reproduced from Naguib et al.,*8 with permis-
sess a potent neuromuscular action, whereas onfiP"
pancuronium bromide, with an acetylcholine-like
fragment in the A-ring, is a potent blocker of mus-
carinic receptor&3:641The lack of an acetylcholine
moiety in the A-ring of the steroid nucleus of
pipecuronium bromide, vecuronium bromide and
rocuronium bromide may be responsible for their
reduced potency in blocking cardiac, vhusca-
rinic recgptoré‘?el _ _ 3.3 CNS Effects

Atropine and glycopyrronium bromide are used
to antagonise the cholinergic effects of anticholin-  Perioperative dreaming has been reported
esterases during the reversal of nondepolarisinghildren after the intermittent suxamethoniur
neuromuscular blockers. Supraventricular tachy-chloride technique (repeated administration of tt
cardia and dysrhythmias, including Wenckebachagent) has been used during light general anaest
phenomena, premature atrial contractions, atriosia. This has been attributed to the increased aff
ventricular dissociation, premature ventricularent ‘traffic’ from muscle spindle€% In addition,

Tuboccurarine
Vecuronium bromide
Rocuronium bromide

O«>0ON

o
|

-10+ D

Change in mean arterial pressure (mm Hg)
O
]

contractions and bigeminy, have been reported
ter combinations of edrophonium or neostigmin
with atropinel®7-691 However, these combinations
are generally useful and they are used in routi
clinical practice. However, these adverse effec
are sometimes seen and are usually self-limiting
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Fig. 4. Correlation of changes from control values for plasma
levels of histamine and heart rate in patients, 3 minutes after
administration of mivacurium chloride 0.2 mg/kg, atracurium
besilate 0.6 mg/kg, tubocurarine 0.5 mg/kg, vecuronium bromide
0.1 mg/kg or rocuronium bromide 0.6 mg/kg (n = 75; r = -0.37;
p < 0.01) [reproduced from Naguib et al.,[*8 with permission].

suxamethonium chloride can cause a transient in-
crease in intracranial pressure, probably as a resu?t

of an increase in cerebral blood volufig;the

mean rise is approximately 6 to 9mm Hg. There-

rats!”3l In addition, laudanosine was also found |
increase the minimum alveolar concentratic
(MAC) of anaesthetics, antagonising the anaestl
tic action of volatile anaesthetics, and to affect he
rate and arterial blood pressuife’>l CSF: plasma
ratios of laudanosine in humans have been repor
to be between 0.01 and 0.14 after atracurium be
ate 0.5 mg/kd’8

Under normal circumstances plasma concent
tions of laudanosine in humans will be far belo
those required for significant CNS stimulation. |
fact, convulsant activity attributed to laudanosir
has not been reported in humans. Laudanosin
cleared partly by the kidney%] and probably also
by the liverl’8l Therefore, higher plasma concer
trations of laudanosine are likely to be found |
patients with severe hepatic dysfunction, partic
larly if it is associated with renal failure after pro
longed administration of atracurium besilate. |
contrast, plasma concentrations of laudanosine |
served after administration of cisatracurium bes
ate (an isomer of atracurium) were found to be ¢
proximately one-third of those observed after ¢
equipotent dose of atracurium besildéé.

Neuromuscular blockers are highly ionisec
have relatively low lipophilicity and ordinarily do
not cross the blood-brain barrier. Nevertheless,
tectable CSF concentrations of tubocurarine we
found in humans after administration of relativel
small intravenous doses of tubocurarifte Al-
though the pharmacological effects of neuromt
cular blockers in the CSF are unknown in humar
several observations suggest that such drugs
not inert when they appear in the CSF. It has be
hown that intrathecal administration of neuromu
cular blockers can cause dose-dependent CNS
citation and seizures in rd3! The clinical signif-
icance of the results of this study is not clear.

fore, the use of suxamethonium chloride could be Many of the drugs used in anaesthesia m

catastrophic in patients who have reduced incayse blockade of central cholinergic neurotrar
tracranial compliance, e.g. patients with brain tu-mjssion. Central anticholinergic syndrome (CAS
mours. is known to occur with the administration of a vé
Laudanosine is one of the major breakdownriety of drugs, most notably the anticholinergi
products of atracurium besilate, and has been showdigents, atropine and scopolamine (hyosdfze?!
to have a potent convulsive action in dégsand  The incidence of this syndrome in the perioperati

0 Adis International Limited. All rights reserved. Drug Safety 1998 Feb; 18 (2)
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period has been estimated to be between 1 and 40%f) 000 anaesthetic procedures. The mortality re
and is believed to occur more often in patients whds higher than 60% in untreated patients.
have received several drugs with central anticho- To date, most of the cases of MH described
linergic activity. CAS is manifested by seizures, the literature have occurred during anaesthesia
restlessness, hallucinations, disorientation, signgh the recovery roor$”) When all of the precau-
of CNS depression (such as stupor and coma}ions for MH are combined (identification of MH
and/or respiratory depression. Post-anaestheti§ysceptibility from family medical history or pre-
CAS can be treated by administration of physostigvijous positive testing using the halothane-caffeir
mine. Fever of a relatively mild degree has beenest, yse of ‘clean’ or ‘volatile agent—free’ anaes
reported in association with CAS with clinical petic equipment and the avoidance of trigge
doges of anticholinergics in approximately 25% Ofagents), the incidence of MH reactions in the pe
patientg?84 operative period is markedly reduced.
Some anaesthetic agents are more often asst
3.4 Endocrine and Metabolic Effects ated with MH than others and these agents ¢

Suxamethonium chloride (among other drugsknown as triggering agents (see table Ill). It is us!

such as volatile anaesthetics, ketamine, vasopre@—”y’ but not always, the combination of 2 trigger

sors, digoxin, quinidine and calcium) can causend agents in a susceptible patient that brings abc

malignant hyperthermia (MH). MH is a heteroge- th€ condition.. _
neous disorder that may be triggered by suxa- Dantrolene sodium is a |I_p|d soluble. hydantoi
methonium chloride in genetically susceptible pa-2nalogue that has proved invaluable in the tre:
tients, and the severity of signs and symptomgnent of MH crises, presumably by preventing ca
differ among patients. Tubocurarine has also beeffium release from the sarcoplasmic reticulé#h.
identified as a probable cause of N6l.In MH,  If MH occurs, dantrolene sodium 2 to 3 mg/k
skeletal muscle acutely and unexpectedly in-should be rapidly administered, with increment
creases its oxygen consumption and lactate pra!p to 10 mg/kg can be given over a period of 1
duction, resulting in greater heat production, respiminutes. Occasionally, a total dose above than
ratory and metabolic acidosis, muscle rigidity, mg/kg may be needed. Sodium bicarbonate shot
sympathetic stimulation and increased cellular perbe administered to correct metabolic acidosis,
meability!86]

The aetiology of MH is unknown, but it is Table Ill. Trigger agents for malignant hyperthermia?
thought to be associated with an increase in free
io_nised myoplasmic CalCil,Jm’ p,OSSiny cau;ed by a!&;:rls(:l:zﬁijﬁschloride (succinylcholine), decamethonium,
failure of the sarcoplasmic reticulum to bind cal- gajiamine, tubocurarine
cium. As a result, aerobic and anaerobic metabo; .~ agents
lism are increased, resulting in the typical featuresHalothane, isoflurane, enflurane, sevoflurane and desflurane
of the syndrome, which are tachycardia, musclemtravenous anaesthetics
stiffness, hypercarbia, tachypnoea, cardiac dySketamine
rhythmias, respiratory and metabolic acidosis, fe—S o

.. K ympathomimetics

ver, unstable/rising blood pressure, cyanosis/moty,sopressors and isoprenaline (isoproterenol)
tling and myoglobinuria. MH acts as an autosomalCardiac drugs
dominant genetic condition, with reduced pene-pigoxin, quinidine and calcium
trance, giving a 50% likelihood of being MH-sus- Stress
ceptible[85] In North America and Europe, the Both immediately preceding anaesthesia or after surgery
overall incidence is 1 in 15 000 anaesthetic procexz This is by no means a definitive list and it is constantly
dures. However, in adults, it may be as low as 1 in__amended.

0 Adis International Limited. All rights reserved. Drug Safety 1998 Feb; 18 (2)



108 Naguib & Magboul

guided by blood gas analysis. The hyperthermidribute to an increased incidence of postoperati
patient should be cooled with intravenous iced sanausea and vomiting (PONV). King et [%l.
line (not Ringer’s lactate). Dysrhythmias should beshowed a significant relationship between PON
treated with lidocaine (lignocaine) 1 mg/kg and and the presence of antagonism of neuromusct
urine output should be maintained above 2 ml/kg/hblockade by neostigmine and atropi?fé.How-
Hyperkalaemia is common, and should be treate@ver, the results of a recent study have shown t
with hyperventilation, bicarbonate, intravenouswhen neostigmine was given to antagonise neu
glucose and insulin (10 units regular insulin in muscular block, it did not increase the incidence
50ml 50% glucose titrated against the serum potasseverity of PONV7! It has also been noted tha
sium level). Life-threatening hyperkalaemia may neostigmine might cause excessive traction
also be treated with calcium chloride 2 to 5 mg/kganastomotic suture lines, resulting in leak&ge®!
administered over approximately 5 to 10 minutes.Neostigmine is used to antagonise the residual
Atropine has been shown to inhibit the normalfects of nondepolarising neuromuscular blockir
exercise-induced increase in plasma growth hordrugs. However, if adequate recovery of neur
mone levels. The significance of this finding in re- muscular function (as monitored by a neural stir

lation to anaesthetic practice is not kndh. ulator) has occurred, there is no need to use a
cholinesterase drugs.
3.5 Gastrointestinal and Hepatic Effects It has been observed in one stiiéf} that new-

borns exposed to pancuronium bromide had a 1

The increase in intragastric pressure (IGP) aftefold increase in relative risk of hyperbilirubinae
suxamethonium chloride administration is quite mia. The risk was greatest in exposed infants duri
variable between patients and appears to be relatafle first 4 days after administration of pancuroniu
to the intensity of fasciculatio®! Increased IGP  bromide.
can be prevented by pretreatment with non-
depolarising neuromuscular blockéid. How- 3.6 Respiratory Effects
ever, the likelihood of regurgitation of the stomach
contents is small in most patients, since an increase The administration of benzylisoquinoliniun
in IGP coincides with an increase in the high presneuromuscular blockers (with the exception ¢
sure zone of the lower oesophageal sphif®t&f]  cisatracurium besilate and doxacurium chloride)
Therisk is increased if the normal angle of the entryassociated with histamine release, which may |
of the oesophagus into the stomach is changed bsult in increased airway resistance and bronct
cause of pregnancy, bowel distension, or hiatuspasm in patients with hyper-reactive airway di
hernia. Anticholinergic drugs also adversely affecteasd!%l Additionally, histamine potentiates the
barrier pressure by decreasing lower oesophageaiffects of leukotrienes and prostaglandfhsyhich
sphincter pressur@sl are involved in the pathophysiology of bronchc

Administration of anticholinesterases is associ-spasm.
ated with increased salivation, which can be The affinity of neuromuscular blockers for mus
blocked by atropine or another antisialagogue. Itcarinic receptors seems to have some influence
has been noted that intraluminal pressure, and cahe neural control of airway calibre. Pancuroniu
lonic and rectal motor activity, are increas¥l, bromide and atracurium besilate (but not vecurc
and mesenteric blood flow is reduced by up to 50%jum bromide) were found to enhance the increas
after clinical doses of neostigmif&l This reduc- in pulmonary resistance induced by vagus ner
tion is associated with the increased gastrointestistimulation, probably by blocking prejunctiona
nal motility and partly antagonised by atropi?®. muscarinic receptors (W which physiologically
The muscarinic effects of anticholinesterases ininhibit vagally mediated increases in pulmonal
crease gastrointestinal motility, which may con-resistancé'%? Mivacurium chloride is a more po-
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tent antagonist at pthan M, receptors, and should of atropine, when given in conjunction with neo

not potentiate irritant-induced bronchoconstriction stigmine, do not significantly alter IOP and, eve

in the clinical rangé.%3! Blockade of M musca- in patients with glaucoma, this combination ma

rinic receptors in airway smooth muscle inhibits be safely usef!!!

vagally induced bronchoconstriction. It has been

shown that vecuronium bromide—induced partial 3.8 Musculoskeletal Effects

neuromuscular block reduces the ventilatory re-

sponse to isocapnic hypoxia without altering the In most adult patients, administration o

response to hypercaprifd?! suxamethonium chloride causes transient must
Anticholinesterases may increase airway secrefasciculations during the onset of the neuromusc

tions and can also precipitate bronchospasm. Thedar blockade. It has been shown that fasciculatio

effects can be prevented by glycopyrronium bro-are caused by antidromically conducted axon

mide or atropine. depolarisations initiated by the agonist action «
suxamethonium chloride on presynaptic nicotini
3.7 Ocular Effects receptors at the neuromuscular junction; this lea

to the simultaneous contraction of all muscle fibre
Suxamethonium chloride can increase intraocu-of individual motor unit$!'? The incidence and
lar pressure (IOP) by an average of 8mmMg. duration of fasciculations can be significantly re
The peak rise in IOP is observed during theduced by pretreatment with nondepolarising neur
fasciculatory phase and dissipates within 4 to 10nuscular drug8?
minutesi'€l This increase is poorly antagonised The use of suxamethonium chloride is associat
by nondepolarising neuromuscular blocké?g. with a high incidence (73%) of muscle pal#.
The mechanism of action of this change in ocu-There seems to be no relationship between the dec
lar dynamics remains unknown, but presumablyof fasciculation and the degree of postoperati
involves contraction of tonic myofibrils or tran- myalgial32113Several drugs, such as nondepola
sient dilation of choroidal blood vess&i$l Re-  ising neuromuscular blockei;113] [idocaind!4]
cent evidence indicates that changes in extraoculaand diazepari#!® have been found to be useful ir
muscle tone do not significantly contribute to thereducing suxamethonium chloride—induced mya
increase in intraocular pressure noted aftemia. The hypothesis that production of prostagla
suxamethonium chloride administratiBpg! dins might be involved in the generation o
The use of suxamethonium chloride in open-suxamethonium chloride—induced myalgia wa
globe injuries is controversial. Nevertheless, ad+ested by Naguib et &2 They demonstrated that
ministration of suxamethonium chloride is bestthe use of intravenous aspirin (acetylsalicylic aci
avoided in patients with an open eye injury or al3 mg/kg 3 minutes before the administration ¢
recent ocular incisioR97] suxamethonium chloride reduced the incidenc
Mydriasis and cycloplegia from anticholinergic and intensity of suxamethonium chloride—induce
drugs could be undesirable in patients with glau-myalgial3?
coma because of the resulting increase in IOP. Mivacurium chloride is metabolised by plasm:
Blindness was reported in a patient following in- cholinesterase (PCHE) at about 70 to 88% of tl
travenous administration of atropiH8% How-  rate of suxamethonium chlorid@8! In patients
ever, doses of atropine used for premedication ar+with atypical forms of PCHE, the action of bott
probably inadequate to elevate IOP, even in sussuxamethonium chloride and mivacurium chlorid
ceptible patients, assuming that medications beings prolonged!17-119|n individuals who are hetero-
used to treat glaucoma are continued. Atropine andygous for the gene producing atypical PCHE (it
glycopyrronium chloride may be less likely to in- cidence 1 in 25), the duration of action is lengtt
crease IOP than scopolamit®] Reversal doses ened by 30 to 50%. In patients who are hoygozis
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for atypical PCHE (incidence 1 in 3000), the dura- OO TOFrecovery obtained
tion of action is markedly prolonged; full paralysis at6 minutes
after an intubating dose of suxamethonium chlor-  ;4_ 0—0 TOF recovery obtained
ide 1 mg/kg or mivacurium chloride 0.2 mg/kg will at 10 minutes

last 4 hours on average. The incidence of the gene
producing silent PCHE is much rarer than the other
types; patients who are homozygous for silent ¢z
PCHE (approximately 0.0006% of the population)

have virtually no plasma cholinesterase activity,

and complete paralysis after suxamethonium chlo-

ride usually lasts many hours. The best course of (¢
action for patients who are homozygotes for silent
or atypical PCHE or heterozygote for atypical and
silent PCHE is either administration of exogenous
human PCHE20.121]or mechanical ventilation of 0.4
the lungs until full recovery of neuromuscular
function can be demonstrated. Administration of
exogenous human PCHE resulted in a dose-related
acceleration of recovery indices of mivacurium 0.2
chloride—induced blockade (fig. 8%

TOF ratio

Several reports have recently implicated non- o
depolarising neuromuscular blockers in cases of
generalised weakness, following their long term 0 ; . . . .
administration to patients on intensive care units 0 > 10 15 2 %
. . . Doses of exogenous PCHE administered (expressed in
(|CUS), which requwed recovery perIOdS from 2 terms of activity present in ml/kg of human plasma)

days to 6 month&23-128] However, it is not clear

Whet_her muscle relgxants W?re .a preC|p!tgtlng facl:ig. 5. Dose-response plot of train-of-four (TOF) recovery ob-
tor, since other possible contributing conditions wereained at 6 minutes and at 10 minutes after administration of
present, for example, polyneuropathy of critical ill- human plasma cholinesterase (PCHE). Black symbols repre-

129] (i 3] . . sent mean TOF attained with each dose, the bars represent the
nessl, disuse atrOph& and ammoglyCOS'de standard deviation, and the solid and dotted lines represent the

and corticosteroid administratid¥#6:127.130,131]n approximate dose-response at 6 at 10 minutes, respectively
one study, prolonged paralysis after Vecuronium(reproduced from Naguib et al.,[1?2 with permission).

bromide was associated with renal failure and

higher plasma concentrations of a potentially ac- | o

tive metabolite, 3-desacetyl-vecuroniliif?] Re-  routine neuromuscular monitoring was not suff
covery of neuromuscular function after discontin- ¢i€ntto eliminate prolonged recovery time and m
uation of neuromuscular blocker infusion in OPathy in ICU patients.

patients on ICUs was found to be significantly ~ The use of suxamethonium chloride for chan
faster with cisatracurium besilate than with ing tracheal tubes or for re-intubation is not uncor
vecuronium bromidé33] The data from the afore- mMon in ICUs because of its rapid action and shq
mentioned studies suggest that the incidence ofluration. However, cardiac arrest with lethal pota
post-paralysis weakness is probably higher tharisium levels has been reported in some of these
initially believed, and can probably be limited (but stances!34l Itis likely that up-regulation of acetyl-
not eliminated) by monitoring of neuromuscular choline receptors induced by immobilisation ar
function. However, othet$3! have concluded that long term neuromuscular blockade contributed
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such episodes of cardiac arré8¥ For this reason, cased!46! Atracurium besilate, despite its direc
it is wise to avoid the use of suxamethonium chlor-histamine-releasing effect, is associated with a Ic
ide in ICU patients. incidence (0.2 to 5%) of anaphylactoid re
Lack of complete jaw relaxation has been de-sponsd!47.148]

scribed in children who were anaesthetised with The sporadic occurrence of evidence showir
halothane and paralysed with suxamethoniumhistamine release after vecuronium bromide a
chloride!*36-138] This phenomenon has also beenministration in clinical practice, and the occasion:
called ‘incomplete jaw relaxation’, ‘masseter mus- patients with unusually severe effects, may be
cle rigidity’ (MMR), ‘masseter spasm’or ‘trismus’.  tributed to a qualitatively different phenomenol
MMR may be regarded as an early sign of MH.(such as cross-reactivity between vecuronium br
However, most existing studies that have exammide and chemically related compounds) from th
ined this adverse effect were retrospective, a”féausing histamine release in the majority of p
lacked agreement on the magnitude and incidencgentsl149-1511 All neuromuscular blockers can
of this phenomenoft*%) Some reports suggest that cause noncompetitive inhibition of histamine-

the incidence of MMR in children receiving methyltransferase, but the plasma concentratio
suxamethonium chloride approximates _m%-m] _required for inhibition far exceed those that woul
Other studies report that 50% of patients withpg gpained in clinical situations, the exception b
MMR will go on to develop M_H%“Oil“l] This  ihg vecuronium bromide, for which the effect be
means that either the susceptibility to MH is much.j 1\ as manifest at doses of 0.1 t0 0.2 m&idgs?]

greater than is generally believed, or the diagnosis  \jaromuscular blockers contain 2 quaterna
of ‘masseter spasm’ was incorrectly made. It isammonium ions, which are the epitopes common
probable.that the high incidence of MMR reportedreCognised by s1pecific g4 They also exhibit

by some investigators was the result of inadequat ross-reactivity, as evident in intradermal ski

doses of suxamethonium chloride administered tq . . 0
; 139] : . tests. Cross-reactivity can be observed in 66%
children!t39] In a recent prospective study, the in . . : .
. patients with a history of anaphylaxis to a neur
cidence of MMR was reported to be 0.298] , 4155 .
muscular blocking age®4155]Vecuronium bro-
mide and pancuronium bromide have the highe
concordance rate in cross-reactivity, followed b

Dose-related histamine release has been note3txamethonium chloridé>*! Cross-reactivity has
with tubocurarine and atracurium besilate bioth P€€en reported between neuromuscular blocke
vivo andin vitro.l142] Histamine liberation often and food, cosmetics, disinfectants and industri
elicits harmless cutaneous reactions, more seriou@aterials!>! There is a significantly greater pro-
incidents being mainly associated with unusuallyPortion of life-threatening reactions to neuromus
high dosest43] cular blockers in women than in men. Sensitisatic

Neuromuscular blockers are responsible fort0 @mmonium ion epitopes in cosmetics has be
80% of anaphylactic reactions during anaesthepostulated to explain the predominance of reacti
siaf1441 85% of patients who have an anaphylacticin femaleg?s4]
reaction to such drugs have not received the drug Drug interactions are among the factors that d
beforell!] IgE antibodies that are specific to neu- termine the sensitivity to muscle relaxants in ge
romuscular blockers may be detected 6 weeks aftegral. Certain combinations of drugs may be asso
the reaction in 87.9% of individuals who have hadated with an increased frequency of such reactiol
a reactiori4d] In adults, suxamethonium chloride for example, the combination of atracurium besi
remains the most frequent cause of anaphylactiate and propofdt>¢! It would therefore seem ad-
reactions, although a recent series reported thatisable not to administer propofol at the same tin
vecuronium bromide accounted for 36% of as atracurium besilate, which is well known as

3.9 Allergic Reactions
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histamine releasé¥®’! The coadminstration of pro- It has been noted that, despite advances in
pofol and tubocurarine, another histamine releastient monitoring and the introduction of newe
ing drug, may produce the same phenomenon andrugs in clinical practice, the incidence of seriou
this combination is also best avoided. immediate hypersensitivity—type reactions has r
An anaphylactic reaction to atropine, mediatedmained virtually unchanged (table #)3! Allergic
by IgE antibodies, has been reported in a femaleeactions remain a prominent cause of anaesth

patient(158] morbidity, although mortality remains low with
improved understanding of the subj&ttHow-

3.10 Teratogenicity and Effects ever, a recent study has suggested a serious p

During Pregnancy lem in the identification, as well as documentatio

. of drug allergies in surgical patierit§2! approxi-
It has been shown that the clinically used nonyy5te1y 20 to 30% of healthcare personnel did r
depolarising muscle relaxants tubocurarine,jocyment a history of drug allergies in patient

pancuronium bromide, atracurium besilate and,qmission note&s?

vecuronium bromide produce dose-dependent de- The development of myopathy and paresis
velopmenta_l toxicity in rat embryos cultured from been increasingly recognised after prolonged L
the presomite stage to the forelimb bud st&é. ¢ heyromuscular blockers in the ICU. Contribu

However, the lowest concentrations of relaxantqng factors to this phenomenon include changes
that caused any adverse effects were at least 3¢5e pharmacokinetics of neuromuscular blockers

TOl?] greater thgn plasmal cc:pqenltrqtlons achievediically ill patients, pathophysiological change
In humans under normal clinical circumstances.i, the nerve, muscle or neuromuscular junctio

This suggests that these muscle relaxants have Iittlgnd the effect of active metabolites of neuromu
potential to disrupt embryonic development during o, ar piockers. In addition, many of the drugs give

organogenesis when used clinic&ty) in the intensive care unit influence the pharmac
dynamics of neuromuscular blocké¥&] Further
3.11 Other Effects investigation is needed to fully characterise th

Severe burning pain has been associated witRhenomenon, identify patients at risk, and outli
the administration of subparalysing doses of2 Mechanism to prevent or limit the injéi!!
rocuronium bromidé!69.161 |n one report, 52 of Adequate knowledge of drug pharmacology, e

105 patients (51%) had pain on injection with perience, proper perioperative assessment of

rocuronium bromide; of these patients, 12% re-patient, proper documentation of adverse drug |
ported severe paill Prior administration of li- actions, and slow administration of intravenot

docaine may reduce the pain. Otherwise, primingdmgsy are needed to prevent adverse drug effe

doses, usually one-tenth of the total dose, of" @naesthesia.
rocuronium bromide should be administered after Ref
induction of anaesthesia and loss of consciousness., ~ererences . .
1. Anaesthetists and the reporting of adverse drug reactions. B
1986; 292: 949
4. Conclusions 2. Watkins J. Second report from an anaesthetic reactions advis
service. Anaesthesia 1989; 44: 157-9

: : . 3. Watkins J. Adverse reaction to neuromuscular blockers: fi
Adverse druQ reactions are a major Compllca_ guency, investigation, and epidemiology. Acta Anaesthes

tion of modern drug therapy. Neuromuscular Scand 1994; 38 Suppl. 102: 6-10

ini ini i _ 4. McKinnon RP, Wildsmith JAW. Histaminoid reactions in anae
blockers are rarely administered in isolation. How hedin. Br 3 Anaecth 199: 74: 217.28

ever, among all drugs used for general anaesthesias, goston Collaborative Drug Surveillance Program. Drug ir
neuromuscular blockers seem to play a predomi- duced anaphylaxis. JAMA 1973; 224: 613-5

; P 6. Laxenaire M-C, Moneret-Vautrin DA, Watkins J. Diagnosis ¢
nant role in the incidence of severe adverse reac- causes of anaphylactoid anaesthetic reactions: a report of

tions. recommendations of the joint Anaesthetic and Immune
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