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ABSTRACT
Neurologists are often asked for specific advice
regarding patientswithneuromuscular diseasewho
require general anaesthesia. However, guidelines
on specific neuromuscular disorders do not usually
include specific guidelines or pragmatic advice
regarding (regional and/or general) anaesthesia or
procedural sedation. Furthermore, the medical
literature on this subject is mostly limited to
publications in anaesthesiology journals. We
therefore summarise general recommendations
and specific advice for anaesthesia in different
neuromuscular disorders to provide
a comprehensive and accessible overview of the
knowledge on this topic essential for clinical
neurologists. A preoperative multidisciplinary
approach involving anaesthesiologists,
cardiologists, chest physicians, surgeons and
neurologists is crucial. Depolarising muscle
relaxants (succinylcholine) should be avoided at all
times. The dose of non-depolarising muscle
relaxants must be reduced and their effect
monitored. Patients with specific mutations in RYR1
(ryanodine receptor 1) and less frequently in
CACNA1S (calcium channel, voltage-dependent,
L type, alpha 1S subunit) and STAC3 (SH3 and
cysteine rich domain 3) are at risk of developing
a life-threatening malignant hyperthermia reaction.

GENERAL ANAESTHESIA IN THE
CONTEXT OF NEUROMUSCULAR
DISORDERS
Anaesthesiology training extensively cov-
ers the specific considerations concerning
general anaesthesia and procedural seda-
tion in patients with neuromuscular disor-
ders. On the other hand, neurologists—
and not only those with a specific interest
in neuromuscular disorders—are also
often asked for specific advice regarding
their patients with neuromuscular disor-
ders requiring general anaesthesia.
Neurologists providing regular follow-up

for patients with neuromuscular disorders
are well-placed to alert their patients to
perioperative risks specifically associated
with their neuromuscular diagnosis and
the particular precautions to be taken.
However, specific guidelines or general,

pragmatic advice regarding (regional and/or
general) anaesthesia or procedural sedation
are generally not included in guidelines and
protocols concerning specific neuromuscu-
lar disorders. Furthermore, the medical lit-
erature on this subject is mostly limited to
publications in anaesthetics journals.1–5 In
this paper, we therefore aim to summarise
general recommendations and specific
advice for anaesthesia in different neuro-
muscular disorders (boxes 1 and 2).

PREPARATION
Surgery and the associated need for seda-
tion and/or anaesthesia pose an additional
burden for people with neuromuscular dis-
orders, and vital signs should therefore be
adequately monitored during and after sur-
gery. For safety reasons, patients with neu-
romuscular disorders should receive general
anaesthesia or moderate or deep sedation
only in settings with a postanaesthesia care
unit or an intensive care unit where post-
operative complications can be treated. 9

PREOPERATIVE ASSESSMENT
In advance of the operative procedure, the
clinician must have a clear understanding
of the extent of muscle weakness and
wasting, as well as awareness of any cardi-
orespiratory involvement. This informa-
tion may be partly obtained from the
history or physical examination, but ancil-
lary assessments may be necessary, such as
lung function tests or echocardiography. It
is essential to make a careful preoperative
examination and to maintain clear
communication between anaesthetists,
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cardiologists, chest physicians, surgeons and
neurologists.
A cardiomyopathy and/or cardiac conduction defect

can be part of the neuromuscular disease; patients
therefore need an assessment of cardiac function before
the procedure if not performed during the past
6 months. Respiratory aspects to note during the pre-
operative examination include ventilatory muscle
weakness (central or obstructive) apnoea, swallowing
impairment, spinal deformities and facial dysmorph-
ism; these factors can increase the risk of restrictive
lung disease and consequently cor pulmonale.1 10

Depending on the procedure, anaesthetists may
request additional preoperative investigations includ-
ing electrocardiography; chest X-ray; cardiology assess-
ment with echocardiography and Holter examination;
chest physician assessment with a lung function test and
possibly polysomnography; and blood tests including
arterial blood gases, haemoglobin, serum electrolytes,

creatinine and creatine kinase, liver function and kid-
ney function.4

PREMEDICATION AND MONITORING OF VITAL
SIGNS
Patients with a neuromuscular disorder have an
increased sensitivity for sedatives and anaesthetics.1

For example, premedication with benzodiazepines
may result in central respiratory depression, obstruc-
tion of the airway and/or worsening of muscle weak-
ness. As a general rule, benzodiazepines should
therefore be avoided or, if indispensable, used only
judiciously while closely monitoring pulse oximetry
and respiratory rate.11

Vital signs are monitored continuously during sur-
gery or other interventions that require anaesthesia or
sedation and include electrocardiography, blood pres-
sure measurement, pulse oximetry, respiratory rate
measurement, capnography and temperature measure-
ment. An arterial line may be useful for longer proce-
dures, where haemodynamic instability and/or need for
frequent blood (gas) tests are expected.

TEMPERATURE MANAGEMENT
Thermogenesis is one of the most important homeo-
static mechanisms that evolved during vertebrate evo-
lution, with heat production from muscle, the most
important thermogenic mechanism.12 Temperature
management aimed at maintaining a normal body tem-
perature is therefore of utmost importance, consider-
ing that patients with neuromuscular disorders are
more prone as well as more sensitive to both

Box 1 General recommendations for anaesthesia in
neuromuscular disorders

Adequate perioperative care in patients with neuromuscular
disorders must take account of several key considerations:

► A preoperative multidisciplinary approach involving
anaesthetists, cardiologists, chest physicians, surgeons
and neurologists is crucial.

► General anaesthesia and moderate or deep sedation
should only be administered in settings with
a postanaesthesia care unit or intensive care unit.

► Depolarising muscle relaxants (succinylcholine) should
be avoided at all times since they can exacerbate pre-
existing muscle weakness and cause life-threatening
hyperkalaemia.

► Most patients with a neuromuscular disorder are more
sensitive to non-depolarising muscle relaxants owing to
their reduced muscle mass and strength. In these
patients, a lower dose is generally sufficient to achieve
muscle relaxation. In addition, the duration of action of
such agents is increased. The dose must therefore be
reduced and the muscle relaxation effect monitored and
adjusted.

► Patients with neuromuscular disorders may have
associated cardiac and/or pulmonary involvement,
putting them at increased risk of perioperative
complications.

► Patients with specific mutations in RYR1 (ryanodine
receptor 1) and less frequently in CACNA1S (calcium
channel, voltage-dependent, L type, alpha 1S subunit) and
STAC3 (SH3 and cysteine rich domain 3) are at risk of
developing a life-threatening malignant hyperthermia
reaction. There is a less certain relationship of malignant
hyperthermia with variants in HSPG2 (Schwartz-Jampel
syndrome, an autosomal recessive disorder causing
myopathy and osteochondrodysplasia), PGM1
(phosphoglucomutase 1 deficiency, an inherited metabolic
myopathy), MYH3 (Freeman-Sheldon syndrome,
a congenital myopathy) and ATP2A1 (Brody disease, an
autosomal recessive inherited myopathy leading to
difficulties in relaxation of skeletal muscle cells).6–8

Box 2 Checklist for preoperative consultation by
the anaesthetist

1. What is the exact diagnosis and how severely is the patient
affected?

2. What is known about reserve capacity, both respiratory and
cardiac?

If there is no up-to-date information regarding cardiac and
respiratory function, refer to chest physician or cardiologist for
a preoperative assessment.

3. Inform the patient and his/her family about the periopera-
tive risks and complications specifically related to the
muscle disease.

4. Make a perioperative plan and take necessary prepara-
tions, ideally in liaison with the treating neurologist.
Specifically, consider the following:
- Vital signs monitoring (at least ECG, blood pressure,
pulse oximetry, breathing rate).

- Temperature management.
- Perioperative neuromuscular monitoring (train-of-four
monitor) to evaluate the effect of muscle relaxants.
- Which anaesthetic agents and muscle relaxants can be
used safely and in what dose?

- Adequate postoperative care.
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hypothermia and hyperthermia. Anaesthetics lower
(core) temperature through vasodilation, particularly
in people with reduced muscle mass. Furthermore,
hypothermia can exacerbate myotonia and sensitivity
to sedatives, anaesthetics and non-depolarising muscle
relaxants. Vice versa, increased muscle activity
(cramps, myotonia) can result in hyperthermia with
generalised hypertonicity and rhabdomyolysis.4 11

DEPOLARISINGANDNON-DEPOLARISINGMUSCLE
RELAXANTS
Muscle relaxants are used to facilitate endotracheal
intubation and mechanical ventilation. In addition,
they are used to enable certain types of surgery. For
example, laparoscopic procedures would often be
impossible without muscle relaxants, and during open
abdominal surgery, the abdominal content would more
readily protrude, making the procedure extremely
challenging. In addition, adequate muscle relaxation
helps to lower the doses of anaesthetics required to
perform the operation. In general, patients with neu-
romuscular disorders have reduced muscle force and
mass and therefore require relatively lower doses of
muscle relaxants compared to healthy people without
such an underlying condition.13 14

Based on their mechanism of action, the muscle
relaxants currently used can be divided into

depolarising muscle relaxants and non-depolarising
muscle relaxants.
► Depolarising muscle relaxants bind to and activate the

acetylcholine receptor, causing excitation of the end
plate and subsequent muscle contraction. The binding of
the drug to the acetylcholine receptor lasts longer than the
binding of acetylcholine, leading to insensitivity to activa-
tion by acetylcholine and thus causing relaxation.
Succinylcholine (suxamethonium) is the only depolarising
muscle relaxant currently still in use. It works extremely
rapidly (30–60 s) and its effect wears off after 5–10 min in
people with a normal butyrylcholinesterase concentration
and activity.

► Non-depolarising muscle relaxants act as reversible com-
petitive inhibitors of the acetylcholine receptor and cause
relaxation by binding to the acetylcholine receptor with-
out activating it, leaving less receptors available for acet-
ylcholine receptor activation and thus causing varying
depths of relaxation (figure 1).15 Currently used non-
depolarising muscle relaxants are rocuronium, mivacur-
ium, (cis)atracurium, vecuronium and pancuronium. The
most commonly used medium-acting muscle relaxants are
vecuronium (Norcuron) and rocuronium (Esmeron).
Rocuronium has a fast onset time: after an initial dose of
0.6 mg/kg, good intubation conditions to secure the air-
way with an endotracheal tube are reached after about
90 s; this might be reduced to 60 s with a higher dose of

Figure 1 15The mode of action of depolarising and non-depolarising muscle relaxants. With depolarising muscle relaxants,
a significant depolarisation and muscle contraction occurs before relaxation starts. The depolarising muscle relaxant succinylcholine
works very fast (about 30–60 s) and has a short (10 min) duration of action. Non-depolarising muscle relaxants lead to relaxation by
reversible competitive inhibition of the acetylcholine receptor. Rocuronium is the fastest working non-depolarising muscle relaxant.
Relaxation is achieved approximately 90 s after administration. Ach, acetylcholine; Ch, choline ●, depolarising muscle relaxants; l,
non-depolarising muscle relaxants.
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1.0 mg/kg. There is no available non-depolarising muscle
relaxant that is extremely fast and short-acting. 16 17

As a direct consequence of its mode of action,
succinylcholine can result in uncontrolled muscle
contractions after depolarisation (fasciculations) and
subsequent hyperkalaemia, which may cause severe
arrhythmias and even death. Bradycardia is another
major side effect and amenable to atropine adminis-
tration. Furthermore, the effect of succinylcholine
cannot be counteracted by cholinesterase inhibitors;
in fact, the neuromuscular blocking effect of succi-
nylcholine will even be enhanced by these drugs.
Succinylcholine is mostly used in situations where
rapid control of the airway is necessary, such as in
non-fasted patients (‘rapid sequence induction’) or in
an emergency caesarean section, non-elective trauma
surgery or in specific situations where a short dura-
tion of action is desired (eg, electroconvulsive ther-
apy). As a general rule, dosing should never be
repeated if intubation cannot be achieved during
the first succinylcholine-induced muscle relaxation
period. Patients with a progressive neuromuscular
disorder are at greatest risk of succinylcholine-
induced hyperkalaemia, especially if the neuromuscu-
lar disorder has not been previously diagnosed.1 3 18

Therefore, the US Food and Drug Administration no
longer recommends succinylcholine for use in elec-
tive paediatric surgery. Peripheral nerve disorders
such as Guillain-Barré syndrome and motor neurone
diseases induce upregulation of acetylcholine recep-
tors, spreading throughout the muscle membrane,
with the additional expression of nicotinic α7 acet-
ylcholine receptors, an isoform of the (neuronal)
acetylcholine receptor. Depolarising of these
increased acetylcholine receptors by succinylcholine
results in massive intracellular potassium efflux.
Succinylcholine may lead to life-threatening hyperka-
laemia in people with peripheral nerve disorders and
must be avoided at all times.19 20

Most neuromuscular disorders are associated with
an increased sensitivity to non-depolarising muscle
relaxants. Because of the reduced muscle mass and
strength often seen in these conditions, patients need
a lower dose to achieve adequate muscle relaxation,
and they often have an increased duration of action
(figure 2).15 Taking this into account, the dose of
non-depolarising muscle relaxants should be lowered
in patients with neuromuscular disorders, and the
muscle relaxation effect should always be monitored
to prevent residual muscle relaxation at the point of
emergence from anaesthesia and extubation of the
trachea. The extent of neuromuscular blockade is
most commonly monitored using train-of-four
(TOF) stimulation. This consists of four consecutive
stimuli (2 Hz) to a chosen muscle group, and the
respective number of twitches evoked (the
TOF count) provides information on the patient’s
recovery from neuromuscular blockade (TOF count

of 1=>95% of receptors blocked; TOF count of 2=85–
90% of receptors blocked; TOF count of 3=80–85% of
receptors blocked; TOF count of 4=70–75% of recep-
tors blocked)(figure 3).13–15

If there is residual muscle relaxation at the end of the
intervention, this should be antagonised by specific
pharmacological antagonists or by cholinesterase inhi-
bitors. Cholinesterase inhibitors are administered in
combination with anticholinergics. However, in mus-
cular dystrophies, cholinesterase inhibitors are other-
wise undesirable because of the associated risk of
hyperkalaemia and cholinesterase inhibitor–induced
myotonia.
Sugammadex (Bridion), a selective muscle relaxant

antagonist, rapidly and completely reverses the effect
of rocuronium and vecuronium by selective and irre-
versible binding to these muscle relaxant molecules
circulating in the neuromuscular junction. This way,
synapse concentration of the (free) muscle relaxants
declines rapidly and the decreasing concentration gra-
dient facilitates released acetylcholine to restore nor-
mal muscular stimulation contraction coupling. The
inactive sugammadex-muscle relaxants complexes are
eliminated by the kidneys. If an antagonist of neuro-
muscular blocking drugs is not available or cannot be
used for safety purposes, extubation and emergence
from anaesthesia should be delayed until the residual
muscle relaxation improves spontaneously. In this sce-
nario, it is mandatory to admit the patient to the inten-
sive care unit for postoperative sedation and
ventilatory support.

MALIGNANT HYPERTHERMIA
Malignant hyperthermia is a pharmacogenetic life-
threatening complication that develops when people
susceptible to this complication are exposed to volatile

Figure 2 15 Increased sensitivity to non-depolarising muscle
relaxants. Increased sensitivity to non-depolarising muscle
relaxants is represented by a leftward shift of 30–50% of the
amount of relaxant needed to completely or partially suppress the
first twitch of the train-of-four.
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anaesthetics (such as sevoflurane, isoflurane and desflur-
ane), succinylcholine or a combination of both.21–23

Although the risk of death from a malignant
hyperthermia reaction in Western countries has fallen
sharply since the introduction of dantrolene, it remains
a feared and sometimes fatal complication of general
anaesthesia. The cause of this hereditary disorder is
a disturbance of the calcium balance within skeletal
muscle cells, reflecting an underlying genetic abnorm-
ality. When skeletal muscle cells of malignant
hyperthermia–susceptible individuals are exposed to
triggering anaesthetics, this can cause generalised mus-
cle cramping, muscle contracture and rapid massive
rhabdomyolysis, and may ultimately lead to life-
threatening complications such as hypercapnia, hyper-
kalaemia, acute renal failure, hypoxaemia, cardiac
arrhythmias, diffuse intravascular coagulation and an
uncontrolled increase in body temperature.
Most people with malignant hyperthermia suscept-

ibility have autosomal dominant mutations in the ske-
letal muscle ryanodine receptor (RYR1) gene, encoding
the principal skeletal muscle calcium release channel,
RyR1. There are less common mutations in the dihy-
dropyridine receptor gene (calcium channel, voltage-
dependent, L type, alpha 1S subunit: CACNA1S),
encoding a voltage-gated calcium channel closely inter-
acting with RyR1.24 It was recently recognised that
people with Native American myopathy, an autosomal
recessive myopathy caused by mutations in STAC3,
encoding a key element of the excitation–contraction

coupling machinery with a role in facilitating dihydro-
pyridine receptor-RyR1 interactions, are also at high
risk of developingmalignant hyperthermia (figure 4).15 25

Around 20% of the malignant hyperthermia–suscepti-
ble individuals do not have mutations in RYR1,
CACNA1S or STAC3, suggesting either further genetic
heterogeneity or the presence of pathogenic variants
not detectable with currently applied diagnostic
approaches.26 Therefore, absence of mutations in
RYR1CACNA1S or STAC 3 does not rule out malignant
hyperthermia susceptibility.
Bearing in mind the above considerations, agents used

during anaesthesia such as benzodiazepines, opioids,
propofol and non-depolarising muscle relaxants can be
used safely, as can all local anaesthetic agents. The same
advice applies to relatives of people susceptible to malig-
nant hyperthermia, until an increased susceptibility to
malignant hyperthermia is ruled out by the in vitro caf-
feine halothane contracture test (European Malignant
Hyperthermia Group protocol), caffeine halothane con-
traction testing (North American Malignant
Hyperthermia Group protocol) or by genetic testing in
case of a known diagnostic familial RYR1 or CACNA1S
mutation (for a list of these ‘diagnostic malignant
hyperthermia mutations’, see www.EMHG.org).27 The
genetic investigationofmalignant hyperthermia–suscep-
tible patients and their relatives ought to take place via
specialist clinical genetic centres with an interest in neu-
romuscular disorders, collaborating with an expertise
centre for malignant hyperthermia (a list of such centres

Figure 3 15 Intraoperative neuromuscular monitoring. Neuromuscular function monitoring is a technique that involves the electrical
stimulation of a motor nerve andmonitoring the response of the muscle supplied by that nerve. The necessary equipment should be part
of the standard equipment in the operating theatre and may be used to monitor depth of neuromuscular blockade. Importantly in
patients with an underlying neuromuscular disorder, it is used to confirm recovery from the ‘blocking’ effect of neuromuscular blocking
agents. The response of the muscles to electrical stimulation of the supplying nerves is recorded and preferably quantified.
Themain reason formeasuringmuscle relaxation is to prevent residual relaxation in a patient who is awakening and has an aspiration risk
after removal of the endotracheal tube. Residual relaxation leads to acute respiratory events after extubation such as airway obstruction
and hypoxaemia and an increased risk of postoperative (aspiration) pneumonia. In most neuromuscular disorders, muscle relaxants have
a delayed action time and longer duration of action. Therefore, the dose of these agents should be reduced in such cases, applying
neuromuscular monitoring to allow titration of the correct dose.
There are different ways of stimulation and relaxation measurement: (1) a ‘single twitch’ of 0.1 Hz used to measure the effect of the
relaxant; (2) a ‘TOF’, consisting of 4 stimuli of 2 Hz every 30 s which is used to measure the effect of the relaxant; (3) and post-tetanic
contraction counts with stimulation of 50 Hz followed 3 s later by 15 single twitches, to measure the depth of blockage when TOF is 0.
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can be found on the website of the European Malignant
Hyperthermia Group).
Patients with several RYR1-related congenital myopa-

thies (box 3) may also have an increased malignant
hyperthermia risk, which is probably highest in associa-
tion with dominantly inherited central core disease and
the King-Denborough syndrome and in recessively inher-
ited RYR1-related multiminicore disease.28 There may
also be an increased malignant hyperthermia risk even
when the pathogenicity of the RYR1 variant has not
been unequivocally confirmed; in those cases,

consultation with clinical geneticists, genetic counsellors
and a malignant hyperthermia expertise centre is recom-
mended (figure 5).27

Patients with a neuromuscular disorder frequently
present with diverse clinical features. Hence, diagnos-
ing the exact condition can be extremely challenging.
In recent years, rapid advances in technology have
facilitated cheaper, faster and easier access to sequen-
cing of the entire human genome in a diagnostic setting.
In particular, the introduction and worldwide increas-
ing use of next-generation sequencing and whole-
exome sequencing in clinical diagnostics have resulted
in enormously increased identification of RYR1 var-
iants of uncertain pathogenicity.29 30 This has resulted
in a considerable challenge to malignant hyperthermia
diagnostics and genetic counselling; this effort is made
by the European Malignant Hyperthermia Group.
Another clinically relevant group of patients is those

with exertional rhabdomyolysis or heat illness, consider-
ing that several reports suggest that these people have an
increased risk of malignant hyperthermia. Vice versa,
there may also be a variably associated increased risk of
heat-induced or exercise-induced rhabdomyolysis in car-
riers of RYR1 or CANCA1S variants.31 32 Patients with
a history of a non-anaesthesia-related malignant
hyperthermia–like illness should therefore be considered
on a case-by-case basis, in order to assess the likelihood of
malignant hyperthermia susceptibility and the indication
for a referral for in vitro contracture test (or caffeine
halothane contraction test) or genetic testing.33 34

Figure 4 15 Malignant hyperthermia. Succinylcholine and volatile anaesthetics directly and indirectly cause the ryanodine receptor 1
(RyR1) channel to remain open. In case of certain mutations in the RYR1 gene, the RyR1 channel is abnormally sensitive, causing
a massive flow of calcium ions from the sarcoplasmic reticulum to the cytoplasm. This is reinforced by the increase in calcium
concentration itself (‘calcium-induced calcium release’), causing an abnormally sharp increase in the intracellular calcium concentration,
and ultimately resulting in a clinically relevantmuscle contracture, manifesting asmassivemuscle cramps, hyperthermia, rhabdomyolysis,
hypercapnia, renal failure, cardiac arrhythmias and eventually death. The precise mechanism(s) in the implicated in rarer genetic
backgrounds— CACNA1S and STAC3—may be slightly different but clinical manifestations are the same.

Box 3 Malignant hyperthermia–related myopathies
and genes

Malignant hyperthermia–related myopathies

► Central core disease
► Multiminicore disease
► King-Denborough syndrome
► Native American myopathy

Malignant hyperthermia–related genes.

► RYR1
► CACNA1S
► STAC3

RYR1, ryanodine receptor 1; CACNA1S, calcium channel,
voltage-dependent, L type, alpha 1S subunit; STAC3, SH3
and cysteine rich domain 3
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IN VITRO CONTRACTURE TEST
In an in vitro contracture test (or caffeine halothane
contracture test), intact fresh biopsied muscle strips are
exposed to increasing concentrations of caffeine (in
both in vitro contracture test and caffeine halothane
contraction testing), an increasing concentration of
halothane (in vitro contracture test) or 3% halothane
(caffeine halothane contraction testing) with concomi-
tant continuous measurement of muscle tension in the
muscle strip. The contraction and relaxation of the
muscle tissue as proof of vitality are controlled by
electric stimulation. Internationally established thresh-
olds for persistent increase in muscle tone (contracture)
determine the diagnosis ‘malignant hyperthermia–sus-
ceptible’ or ‘malignant hyperthermia normal’. The
in vitro contracture test (or caffeine halothane contrac-
tion test) is the gold standard in malignant hyperther-
mia diagnostics and the only in vitro test able to rule out
malignant hyperthermia susceptibility (figure 6).27

VOLATILE ANAESTHETICS
Volatile anaesthetics, contrary to common belief, are
not necessarily contraindicated in patients with neuro-
muscular disorders unrelated to mutations in RYR1,
CACNA1S or STAC3. However, even neuromuscular
disorders without specific predisposition are associated
with potential adverse effects, so their long-term use is
not recommended and total intravenous anaesthesia is
the first choice in patients with a neuromuscular
disorder.9 Specific indications or reasons for use of
volatile anaesthetics in patients with an underlying
neuromuscular disorder might be (1) that they can be

administered via an anaesthesia face mask for induc-
tion, where intravenous access is not necessary or may
be difficult, especially in children and (2) that depth of
anaesthetics can be assessed by measuring end-tidal
concentrations, and emergence from anaesthesia can
be easily controlled.

ANAESTHESIA-INDUCED RHABDOMYOLYSIS
Patients with Becker’s and Duchenne’s muscular
dystrophies are at increased risk of perioperative rhab-
domyolysis or so-called anaesthesia-induced rhabdo-
myolysis causing sudden hyperkalaemic cardiac arrest.
This uncommon but life-threatening complication of
surgery and general anaesthesia appears to be separate
from malignant hyperthermia. The exact cause of the
rhabdomyolysis in this case remains unclear. Volatile
anaesthetics might play a role; other possibilities are
excessive muscle activity in agitated and anxious chil-
dren or impaired metabolic repair due to hypoxaemia,
ischaemia or acidosis.35

Although volatile anaesthetics might contribute to
anaesthesia-induced rhabdomyolysis in patients with
myopathies, their continued use remains a topic of
debate. Alternatives such as ketamine, propofol,
opioids, barbiturates and benzodiazepines each have
their specific disadvantages and risks in patients with
Becker’s and Duchenne’s dystrophies.35–37

PROPOFOL INFUSION SYNDROME
Propofol is the most commonly used intravenous seda-
tive/hypnotic in modern anaesthesia. Its rapid onset
sedative effect and short duration of action are

Figure 5 Counselling following a malignant hyperthermia episode. This flow chart summarises the recommended diagnostic
approach in a patient with a suspected malignant hyperthermia episode. Genetic screening of family members can only be performed in
case of an RYR1 or CACNA1S mutation for which the pathogenicity for malignant hyperthermia has been proven. CACNA1S, calcium
channel, voltage-dependent, L type, alpha 1S subunit; RYR1, ryanodine receptor 1.27

Currently, this applies to 50mutations (48 RYR1 and 2 CANA1Smutations), referred to as ‘diagnostic mutations’. Mutations should fulfil
several requirements to be classified as a diagnostic mutation. In vitro functional studies demonstrating a gain of function effect of the
mutation on intracellular calcium release are the highest level of evidence. The results of functional studies must be supported by other
investigations such as studies demonstrating segregation of the malignant hyperthermia phenotype and genotype in at least two
unrelated families or computational modelling of the effect of themutation on the receptor. A list of ‘diagnostic mutations’ can be found
on the website of the European Malignant Hyperthermia Group (https://www.emhg.org/diagnostic-mutations).
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desirable pharmacokinetic properties. Propofol is used
for intravenous induction and maintenance of anaes-
thesia and long-term sedation in the intensive care unit.
Its mechanism of action is not fully understood, but the
sedative-hypnotic effect is probably due to
γ-aminobutyric acid (GABA) receptor interaction; by
increasing the duration of the GABA-activated opening
of the chloride channel, it causes hyperpolarisation of
the postsynaptic cell membrane and so results in func-
tional inhibition of postsynaptic neurones. Its most
common adverse effects are hypotension, bradycardia
and apnoea. Another rare but feared side effect is the
propofol infusion syndrome. Propofol is an insoluble
drug that requires a lipid vehicle for emulsification, for
example, soybean oil and egg lecithin. Long-term
(>24 hours), high-dose (>75 µg/kg/min) propofol
infusion may result in hyperlipidaemia and hypertrigly-
ceridemia. Impaired fatty acid oxidation in mitochon-
dria causes decreased energy availability. This
mitochondrial dysfunction and fatty acid accumulation
can lead to myocytolysis of cardiac and skeletal muscle
cells; this results in lactic acidosis or propofol infusion
syndrome, a life-threatening symptom complex of
rhabdomyolysis, hyperkalaemia, acute renal failure,
cardiac arrhythmias and cardiac failure.38 39

The main risk factor is administration of high-dose
propofol sedation for a longer period. Other risk

factors are vasopressor use, carbohydrate depletion
(subclinical) mitochondrial disorders, carnitine defi-
ciency and critical illness.38 39 Since patients with mito-
chondrial disorders are at increased risk of propofol
infusion syndrome, long-term propofol sedation
should be avoided in these patients.40

MEDICAL ALERT CARDS, APPS AND WARNINGS IN
ELECTRONIC PATIENT FILES: THEY ARE VITAL IN
AN EMERGENCY
Many international and national (patient) organisa-
tions (eg, Muscular Dystrophy UK and Medical Alert
Foundation) provide medical alert cards to people
with neuromuscular disorders and their health pro-
fessionals. These cards offer a vital safety net to
patients and their families, supporting them to
relay information to the emergency services, ensur-
ing the right care is provided in what can be a highly
stressful situation. This is of utmost importance in
patients susceptible to malignant hyperthermia, who
generally have no visible disability but are at high
risk if exposed to succinylcholine or trigger anaes-
thesia (for alert cards: Malignant Hyperthermia
Association of the US and European Malignant
Hyperthermia Group). It is therefore essential that
patients with neuromuscular disorders always carry
these cards.

Figure 6 In vitro contracture test. Despite advances in genetics, the in vitro contracture test is still the gold standard to test for
malignant hyperthermia susceptibility. During the test four, fresh biopsied muscle strips (length 20–25 mm and 2–3 mm thick) from the
quadriceps femoris muscle are exposed to a tissue bathwith an increasing concentration of halothane and caffeine. Themuscle strips are
electrically stimulated with a supramaximal stimulus. The test is positive when one of the muscle strips develops a contracture after
exposure to halothane and/or caffeine and electrical stimulation, suggesting the tested person is malignant hyperthermia–susceptible.
When the muscle strips do not develop a contracture after exposure to caffeine and/or halothane and electrical stimulation, the test is
negative and the tested individual is malignant hyperthermia normal. The in vitro contracture test is the only test able to conform or rule
out malignant hyperthermia susceptibility. The standardised in vitro contracture test protocol of the European Malignant Hyperthermia
Group can be found at https://www.emhg.org/testing-for-mh/2017/12/28/in-vitro-contracture-testing-ivct.
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In emergency situations, succinylcholine may be the
most appropriate muscle relaxant for healthy people,
but it can cause a life-threatening situation for patients
with neuromuscular disorders. Neurologists and reha-
bilitation specialists who provide regular follow-up of
patients with neuromuscular disorders (as well as clin-
ical geneticists and genetic counsellors who may see
them less frequently for counselling purposes) are in
an excellent position to alert their patients regularly
regarding their perioperative risks and the specific pre-
cautions to be taken. Medical alerts should also be
clearly visible in the electronic patient file, and perio-
perative precautions ought to be included in the corre-
spondence to other healthcare providers. Furthermore,
patients should be informed about Save Our Souls
(SOS) necklaces or bracelets and medical alert apps
(figure 7).
A German group recently summarised their clinical

experience with anaesthesia alert cards (not specifically
for myopathies).4 They concluded that anaesthesia
alert cards are useful in increasing patient safety and
are frequently issued in clinical practice; however, their
full potential for risk minimisation is not yet being

exploited. They specifically recommended having
cards that contain more specific and personalised dis-
ease information, possible complications and their spe-
cific treatments; patients should be more consistent in
the use of cards, and lost cards should promptly be
replaced. By requesting this at annual follow-up visits,
medical professionals can contribute to the improved
use of medical alert cards and devices.

SPECIFIC ADVICE FOR VARIOUS MYOPATHIES
Table 1 summarises the specific advice for various myo-
pathies. In addition to the general recommendations in
box 1, these disease-specific considerations should be
taken into account.
People with myotonic dystrophy type 1 (the most

common muscle dystrophy) are also at increased
risk of perioperative complications. Retrospective
studies report a postoperative respiratory complica-
tion rate up to 10%. Reintubation, failure to wean
form the ventilator, atelectasis and pneumonia were
most reported respiratory complications. The use of
muscle relaxants without reversal and the muscular
impairment rating scale are independent risk factors

Figure 7 Medical alert cards, apps andwarnings in electronic patient files. International and national patient organisations (such as the
Muscular Dystrophy Campaign of the United Kingdom, which has provided the example shown in the figure) have also taken the
initiative to send out medical alert cards to patients with neuromuscular disorders and health professionals. Neurologists should
repeatedly inform their patients with neuromuscular disorders about these cards and emphasise the importance of using them. In
addition, electronic patient files should contain alerts regarding anaesthesia in the specific disorder, to ensure easy visibility to other
healthcare provider accessing the patient file.
For myotonic dystrophy this could, for example, include the following: ‘perioperative complications can develop in patients withmyotonic
dystrophy, both children and adults. General anaesthesia is associatedwith an increased risk of perioperative complications and should be
avoided whenever possible, especially in patients with advanced disease. Where possible, local anaesthesia should be chosen’.
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Table 1 Anaesthetic considerations for various myopathies

General ► Collect detailed data on the specific muscle disease (genetic classification, associated
respiratory and cardiac involvement, if any).

► Inform the patient about the increased risk of perioperative complications.
► Inform the patient about the use of an Save Our Souls (SOS) bracelet or necklace or ‘in

case of emergency’ app.
► Include a specific alert in the electronic patient file and in the medical correspondence.
► Use regional anaesthesia, if possible.
► Limit benzodiazepines use.
► Limit opiate use (instead, use multimodal pain relief and regional anaesthesia); if

necessary, use short-acting opioids in low doses.
► Avoid succinylcholine.
► Use neuromuscular monitoring when using non-depolarising muscle relaxants.
► Aim for normothermia, prevent hypothermia and shivering.
► Monitoring: Standard vital signs monitors, including end-tidal CO2 and temperature.
► After general anaesthesia, patients require 24-hour monitoring/observation (pulse

oximetry and preferably respiration monitor).
► Consider specific respiratory and cough support by physiotherapy.
► Thrombosis prophylaxis is indicated for immobilisation longer than 48 hours; patients

with muscle weakness generally mobilise slowly.
Hereditary liability to pressure palsies
(AD; PMP22)41

► Avoid succinylcholine at all times.
► Non-depolaraising mucle relaxants are safe.
► Good support of pressure points in upper (especially ulnar nerve at the elbow level)

and lower limb (in particular peroneal nerve at the knee level); consider change of
position during longer surgical procedures.

Metabolic myopathies11 ► Avoid succinylcholine at all times.
► Non-depolarising muscle relaxants can be used safely.
► Avoid fasting longer than strictly necessary (especially with fatty acid oxidation

disorders): start intravenous glucose/sodium chloride from 4 hours of fasting.
► Accurate ‘metabolic’ monitoring: adequate fluid balance with glucose and amino

acid–containing infusion fluids.
► Maintain normothermia.
► Volatile anaesthetics are not contraindicated.

Mitochondrial myopathies1 2 42 ► Avoid succinylcholine at all times.
► Non-depolarising muscle relaxants have a delayed action time and a longer duration

of action.
► Collect detailed information on systemic involvement (endocrine function, renal and

liver function, cardiac involvement).
► Volatile anaesthetics can be safely administered.
► Do not administer prolonged infusion of propofol.
► Avoid hypoglycaemia.

Muscular dystrophies
Duchenne (XLR; DMD)
Becker (XLR; DMD)
Limb-girdle (AR or AD)1 9 11 35 37 43

► Avoid succinylcholine at all times.
► Non-depolarising muscle relaxants have a delayed action time and a longer duration

of action.
► Do not antagonise muscle relaxants with acetylcholinesterase inhibitors
► Rocuronium or vecuronium can safely be antagonised using sugammadex.
► Volatile anaesthetics for induction or during short-term interventions only; preferably

total intravenous anaesthesia.
Myasthenia gravis
Congenital myasthenic syndromes9 11

► Avoid succinylcholine at all times.
► Non-depolarising muscle relaxants have a delayed action time and a longer duration

of action; thus, avoid or reduce dose to 25% of the normal dose and only with
monitoring (figure 5).

► Do not antagonise with acetylcholinesterase inhibitors.
► Antagonise rocuronium or vecuronium with sugammadex.
► All medications (immunosuppressive drugs and pyridostigmine) have to be continued.
► Volatile anaesthetics and total intravenous anaesthetics are allowed.
► Myasthenia gravis only: hydrocortisone stress regimen in patients who receive or have

recently taken corticosteroids. Consider preoperative plasmapheresis when indicated.
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Table 1 Continued

Myotonic dystrophy type 1 (AD; DMPK)44 45 ► Electrocardiography (ECG) and blood gas test. If there are new abnormalities on the
ECG or if echocardiography and Holter monitoring were performed more than 2 years
ago, depending on the procedure consider preoperative full cardiology assessment in
consultation with the cardiologist.

► Chest X-ray if respiratory infection is suspected. If done more than 1 year ago, repeat
spirometry (lying and standing) and refer to the chest physician.

► Avoid succinylcholine at all times.
► Decrease non-depolarising muscle relaxant dose.
► Do not antagonise with acetylcholinesterase inhibitors.
► Rocuronium or vecuronium can safely be antagonised with sugammadex.
► Avoid cooling, shivering and agitation as this can cause an increase in myotonia.
► Volatile anaesthetics for induction or during short-term interventions only; preferably

total intravenous anaesthesia.
► In case of preoperative sleep apnoea, consider postoperative treatment with

continuous positive airway pressure or nocturnal non-invasive ventilation.
Myotubular or centronuclear myopathy (XLR MTM, AD
and AD DNM2, BIN1, RYR1)6 46 47

► Avoid succinylcholine at all times.
► Non-depolarising muscle relaxants have a normal effect, but should preferably be

avoided due to muscle weakness.
► Coagulation test because of possible liver function disorders (rare but documented).
► In case of coagulation disorders, administer vitamin K.
► Preferably total intravenous anaesthesia.

Non-dystrophic myotonias
Thomsen myotonia
(AD; CLCN1)
Becker myotonia
(AR; CLCN1)
Paramyotonia congenita
(AD; SCN4A)
Myotonia fluctuans/permanens
(AD; SCN4A)1 11

► Avoid succinylcholine at all times.
► Non-depolarising muscle relaxants are safe.
► Do not antagonise with acetylcholinesterase inhibitors.
► Avoid hypothermia, shivering and agitation as this can cause an increase in myotonia.
► No potassium supplementation in patients with paramyotonia congenita as this can

trigger myotonia.

Periodic paralysis
Hyperkalemic periodic paralysis
(AD; SCN4A)
Hypokalemic periodic paralysis (AD; CACNA1S)
Thyrotoxic periodic paralysis1 11

► Avoid succinylcholine at all times.
► Non-depolarising muscle relaxants are safe.
► Do not antagonise with acetylcholinesterase inhibitors.
► Avoid prolonged fasting: start intravenous glucose/sodium chloride from 4 hours of

fasting.
► In case of hyperkalaemic periodic paralysis, give carbohydrates (such as D5W infusion)

during fasting.
► Try to minimise anxiety.
► Do not use volatile anaesthetics for hypokalaemic periodic paralysis.
► With hypokalaemic periodic paralysis, avoid high dose of glucose and avoid

hyperventilation (alkalosis).
► Avoid hyperkalaemia in hyperkalaemic periodic paralysis.
► Use the local anaesthetic dose sparingly.

RYR1-related diseases
Malignant hyperthermia (AD)
King-Denborough syndrome (AD,AR)
Exertional rhabdomyolysis (AD)
Core diseases (central core disease and multiminicore
disease: AD, rarely AR)
Centronuclear myopathy (AR)
Congenital fibre type disproportion (AR) Nemaline
myopathy (AR)23 23

► Avoid succinylcholine at all times.

► Non-depolarising muscle relaxants have a delayed action time and longer duration of
action with certain RYR1 mutations; thus, avoid or reduce dose.

► Monitoring of clinical manifestations potentially suggesting a malignant hyperthermia
reaction (hypermetabolism and increased body temperature). If necessary, repeated
measurement of creatine kinase activity in plasma and monitoring of urine output
(myoglobinuria).

► In case of malignant hyperthermia (in family), collect detailed data via the malignant
hyperthermia expertise centre in your country (EMHG website).

► For counselling in malignant hyperthermia refer to clinical geneticist.
► In case of malignant hyperthermia–susceptible patients, plan specific precautions (in

particular, ensure availability of dantrolene).
► Do not use volatile anaesthetics, but give total intravenous anaesthesia. Anaesthetic

machines should be flushed and cleaned of volatile anaesthetics.
► In case of anaesthetic complications, contact the malignant hyperthermia centre in

your country (EMHG website).

Continued
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for perioperative complications in these patients.44 45 48

Succinylcholine may induce severe myotonia and
so this should be in these patients at all times.
Muscle relaxation should not be antagonised by
using acetylcholinesterase inhibitors in muscular
dystrophies.43

In dystrophic and non-dystrophic myotonias, tem-
perature regulation is essential since cooling, shiver-
ing and agitation can increase myotonia. Potassium
supplementation in patients with paramyotonia con-
genita can also trigger myotonia and should be
avoided. Prolonged fasting should be avoided in peo-
ple with periodic paralysis and metabolic

myopathies. In myotubular myopathy, coagulation
tests should be performed before the operation
because of possible liver function disorders. In
myasthenia gravis, medication should be continued
and clinicians should consider a hydrocortisone stress
regimen in patients who take or recently took corti-
costeroids. Patients with genetic congenital myasthe-
nic syndromes, in particular those with postsynaptic
defects, may also be particularly sensitive to non-
depolarising muscle relaxants.
Table 2 provides an overview of possible problems

per group of substances used during general
anaesthesia.

Table 1 Continued

Unknown myopathy3 Safe anaesthesia in case of unclassified myopathy or muscular dystrophy:
► Barbiturates with a short half-life.
► Benzodiazepines with short half-life in low dose.
► Ketamine.
► Opioids with a short half-life.
► Propofol.
► Non-depolarising muscle relaxants with neuromuscular monitoring.
► Local anaesthetics.

AD, autosomal dominant inheritance; AR, autosomal recessive inheritance; XLR, X-linked recessive inheritance.
Summary of perioperative advice and anaesthetic considerations for various myopathies. The first column states the myopathy, its inheritance pattern and
affected genes. The second column summarises the anaesthetic considerations in these myopathies.

Table 2 Possible complications with different groups of drugs

Group of agents Agents
Mode of administration/mode of
action Possible side effects

Recommendations about use
of agent in neuromuscular
disorders

Volatile
anaesthetics

Halothane
Enflurane
Isoflurane
Sevoflurane
Desflurane

► Inhalation
► Anaesthesia

► Malignant hyperthermia
reaction

► Hypotension and
arrhythmia

► Airway obstruction

Contraindicated in malignant
hyperthermia–susceptible people

Depolarising
muscle relaxants

Succinylcholine ► Intravenous
► Very rapid and short-lasting

muscle relaxation (<1 min)
► ‘Rapid sequence induction’ in case

patients are not sober

► Bradycardia (as prevention
the 2nd dose has to be
combined with atropine)

► Hyperkalaemia
► Myalgia
► Rhabdomyolysis
► Malignant hyperthermia

reaction

Contraindicated in all
neuromuscular disorders
Contraindicated in malignant
hyperthermia–susceptible
individuals

Non-depolarising
muscle relaxants

Rocuronium
Mivacurium
Atracurium
Vecuronium
Pancuronium

► Intravenous
► Middle-lasting muscle relaxation
► Measure the effect during surgery
► Antagonise at the end of the

procedure (with specific
antagonists or cholinesterase
inhibitors)

► Allergic response Caution with all neuromuscular
disorders:
► Reduce the dose
► In case of muscular

dystrophies, do not
antagonise with
cholinesterase inhibitors

Benzodiazepines Midazolam
Diazepam

► Intravenous, oral of rectal
► Anaesthesia, sedation, anxiolytic

► Skin rash
► Respiratory suppression
► Airway obstruction
► (Sedation)

Caution with all neuromuscular
disorders:
► Reduce the dose
► Monitor respiratory function

Morphine and
other opioids/
morphine
derivates

Morphine
Fentanyl
Remifentanil
Sufentanil

► Oral, rectal, transdermal,
subcutaneous, intramuscular,
intravenous, spinal and epidural

► Analgesia

► Miosis
► Sedation
► Nausea and vomiting
► Respiratory suppression

Caution with all neuromuscular
disorders:
► Reduce the dose
► Use a short-acting agent

A summary of the effects, adverse effects and recommendations of the most frequently used anaesthetic agents in people with neuromuscular disorders.
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CONCLUSION
It is crucial for patient safety that anaesthetists should
share their experience regarding the management of
patients with neuromuscular disorders with neurolo-
gists interested in these conditions. Systematic docu-
mentation and publication of data on the perioperative
course in these patients is an important resource to
improve safety of anaesthesia and procedural sedation
for interventions in the future.11 Equally, it is very
important for the neurologist with an interest in neu-
romuscular disorders to be aware of anaesthetic impli-
cations and to discuss possible perioperative
complications and the necessary precautions for their
patients with neuromuscular disorders.
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Key points

► Patients with neuromuscular disorders may have
associated cardiac and/or pulmonary involvement,
putting them at increased risk of perioperative
complications; a multidisciplinary approach is essential
to facilitate optimal perioperative care.

► Succinylcholine should be avoided at all times in patients
with a neuromuscular disease since it can exacerbate
pre-existing muscle weakness and cause life-threatening
hyperkalaemia.

► Patients with specific mutations in RYR1 and less
frequently in CACNA1S and STAC3 are at risk of developing
a life-threatening malignant hyperthermia reaction when
exposed to succinylcholine or volatile anaesthetics.

► Most people with a neuromuscular disorder are more
sensitive to non-depolarising muscle relaxants,
sedatives and opioids; thus, their dose must be reduced
and the muscle relaxation effect should be monitored
and adjusted.
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