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Abstract: Motor neuron diseases like amyotrophic lateral sclerosis and myopathies are associated with a higher risk of
cardiac and respiratory complications, especially during operative procedures. This review gives an overview of the
various complications from which patients with motor neurone diseases and muscular dystrophies may suffer during
operations and anaesthesia. The main focus is on the pathophysiological aspects as well as the diagnoses of typical cardiac
and respiratory complications, their prevention, and their management.
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INTRODUCTION
Neuromuscular diseases are often associated with respiratory or cardiac problems. Based on the pathophysiological
aspects neuromuscular diseases can be divided into the
following main groups: First, neuropathies and motor neuron
diseases (MND) which predispose to respiratory complications. Second, diseases of the neuromuscular junction, and
third, muscular dystrophies (MD) with a high risk of cardiac
and respiratory impairment. Disorders of the neuromuscular
junction and their implications in intensive care medicine are
discussed elsewhere in this volume. Fourth, peripheral
neuropathies with mainly cardiac restrictions and autonomous dysregulation. And fifth, myopathies caused by endocrine, metabolic or inflammatory mechanisms. In this paper
the pathophysiology, the diagnosis and management of
respiratory and cardiac failure in patients with MND, MD,
and myotonic dystrophies (DM) are described.
PATHOPHYSIOLOGICAL ASPECTS OF RESPIRATORY AND CARDIAC FAILURE
Respiratory muscle weakness is common in neuromuscular diseases. A weakness of the main inspiratory muscles –
the diaphragm and the chest wall muscles – causes orthopnea, paradoxical abdominal movement, and reduced vital
capacity (VC). This results in a collapse of the peripheral
small alveoli and the development of microatelectasis. A
weakness of the main expiratory muscles – the abdominal
muscles – can be recognized by a reduced maximal
expiratory pressure and a reduced ability to cough [1]. An
involvement of bulbar muscles can be noted by stridor,
impaired swallowing and aspiration. The combination of
restrictive ventilation failure and decreased peak cough flow
with the inability to clear secretion causes a development of
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intrapulmonary shunts, hypoxia and at the end a respiratory
muscle fatigue with hypercapnic respiratory failure [2] (Fig.
1).
Cardiac involvement has been documented in many MD.
It manifests within the myocardium (e.g. in a case of dilated
cardiomyopathy) or the cardiac conduction system resulting
in arrhythmias and conduction defects. Exact clinical data
regarding cardiac involvement are available for
Duchenne/Becker MD, Emery-Dreifuss MD, limb-girdle
MD, congenital MD and DM [3, 4]. However, one should
take into account that there is not necessarily a direct
correlation between the extent of skeletal and cardiac
involvement [5].
DIAGNOSTIC ASSESSMENTS
Respiratory Investigations
Patients suffering of respiratory muscle weakness can
have the following complaints: dyspnea, sleep disturbance,
daytime tiredness, headaches, poor concentration and mood
changes. These symptoms are usually a consequence of
hypoventilation, hypoxia and hypercapnia during sleep.
Important investigations to assess the respiratory function in
patients with neuromuscular diseases are the forced vital
capacity (FVC), the sniff nasal inspiratory pressure (SNIP),
the peak cough flow (PCF), the arterial blood gases and
finally chest x-ray and overnight monitoring [6] (Table 1).
Table 1.

•

Essential Assessments of Respiratory Function in
Neuromuscular Disorders

Ask for symptoms of hypercapnia (sleep disturbance, daytime
tiredness, headache, poor concentration, mood changes)

•

VC and SNIP

•

blood gases analysis

However, in patients with bulbar impairment, who cannot
perform the pulmonary test exactly, the VC has serious
limitations and underestimates respiratory function. A VC
which is 25% lower in a lying than in a sitting/standing position
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Inability to cough
(weakness of expiratory muscles
and upper airway muscles)

Impaired ventilation
(weakness of inspiratory muscles)

Upper airway obstruction

atelectasis, secretion accumulation,
hypoxia, hypercapnia
Fig. (1). Mechanism of respiratory failure in neuromuscular diseases.

strongly predicts diaphragm weakness [7]. More invasive
methods (e.g. sniff trans-diaphragmatic pressure or diaphragm
electromyography) are usually not practical in routine use.

motoneurons. Lower motoneuron destruction results in
muscle weakness, fasciculations and atrophy. Clinical signs
of upper motoneuron destruction are hyperreflexia and
spasticity. A bulbar involvement is attended by dysphagia
and dysarthria. Spinal muscular atrophy (SMA) type IV is an
autosomal recessive disorder of the lower motoneuron. The
clinical manifestations are symmetric muscle weakness with
an accentuation of proximal muscles and the lower
extremities.

Cardiac Investigation
In order to prevent sudden death and optimize morbidity,
the screening for cardiac involvement becomes more and
more important, but has to match the specific neuromuscular
disease. In general, patients should undergo a cardiac
investigation with an echocardiogram (Echo), an
electrocardiogram (ECG) and a Holter monitor. Guidelines
for the cardiac screening and the common cardiac
involvements in MD and DM are shown in Table 2 [3, 8].

A high percentage of ALS patients have obstructive,
central and mixed sleep hypoventilation and apneas [9].
They usually die from hypercapnic respiratory failure or
respiratory complications like aspiration pneumonia [10, 11].
Thus a respiratory support by using non-invasive ventilation
(NIV) (commonly bi-level positive airway pressure devices Bipap) is established to improve survival [12] and quality of
life [13]. Criteria proposed for the initiation of a NIV were
established by the European ALS/MND Consortium and
European Neuromuscular Centre workshop on non-invasive
ventilation in MND, 2002 [14, 15].

SPECIAL ISSUES IN NEUROMUSCULAR DISEASES
Amyotrophic Lateral Sclerosis and Spinal Muscular
Atrophy Type IV
Amyotrophic lateral sclerosis (ALS) is a progressive
neurodegenerative disease of the upper and lower
Table 2.

Screening for Cardiac Involvement [3, 8]
Cardiac Screening

Cardiac Involvement
ECG

Echo

Holter Monitor

Duchenne MD –
Patients

asymptomatic regional wall
motion abnormalities with the
posterobasal and lateral walls
of the left ventricle most
commonly affected, left
ventricular systolic
dysfunction, asymptomatic
ECG changes,
ventricular arrhythmias

Duchenne MD –
Carriers

ECG changes and dilated
cardiomyopathy

at diagnosis
every 5 years

at diagnosis
every 5 years

Becker MD

myocardial damage of lateral and
posterior wall, dilated cardiomyopathy,
mitral regurgitation, ECG changes

at diagnosis
every 5 years

at diagnosis
every 5 years

Emery-Dreifuss
MD
X-linked

atrioventricular conduction
defects and atrial arrhythmias,
less common are cardiomyopathic
changes

at diagnosis
annually

on a less
regular basis

at diagnosis
annually

Emery-Dreifuss MD
autosomal
dominant

left ventricular involvement,
asymptomatic sinus
node or AV node disease

at diagnosis
annually

on a less
regular basis

at diagnosis
annually

DM
type 1

Supraventricular arrhythmias, ventricular
arrhythmias, Bundle branch block
re-entry ventricular tachycardia

at diagnosis
every 5 years

at diagnosis and
if annual ECG shows
increasing PR interval or other
evidence of increased risk
of bradycardia

at diagnosis
at diagnosis
before any surgery
before any surgery
every 2 year
every 2 year to the age 10
to the age 10
annually after
annually after the age 10
the age 10

at diagnosis
annually
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Respiratory infections in SMA or ALS are an important
problem because of the combination of muscle weakness and
increased airway secretions. A treatment should aim at
normalising the gas exchange by reducing both atelectasis
and the secretion accumulation. Following an antibiotic
therapy, if necessary, the first intervention is manual and
mechanical cough assist [16, 17]. Bipap decreases respiratory
muscular work and improves gas exchange and should be
considered early during an acute illness [18]. The
administration of oxygen is not a first-line therapy, but
should be used if the hypoxemia continues and after airway
clearance and NIV is maximized [17]. In general, the
American College of Chest Physicians recommends chest
physiotherapy, manually assisted cough, expiratory muscle
training, the administration of positive expiratory pressure
from 5 to 20 cm H2O delivered by facemask, and mechanical
cough assist devices for patients with neuromuscular
diseases, although the effect of non-pharmacologic airway
clearance techniques on long-term outcomes is unknown at
the moment [16].
Additionally, dysphagia is a common problem in ALS
and leads to aspiration, weight loss and dehydration [19].
Because gastrostomy is one of the most frequent operations
in ALS patients, some special aspects should be mentioned.
Most authors consider gastrostomy when the body weight
loss is greater than 10% of the pre-diagnostic or baseline
weight and in cases of difficulty swallowing with evidence
of aspiration [16, 20]. There are three options for
gastrostomy: a percutaneous endoscopic gastrostomy (PEG),
a radiologically inserted gastrostomy and a nasogastric tube.
Because it requires mild sedation, PEG could impair
respiratory function in patients with respiratory weakness.
Therefore PEG should be done as long as VC > 50%, SNP >
40 H2O and morning blood gases are normal [15, 21]. In
cases of respiratory insufficiency (VC < 50%, SNIP < 40
H2O etc.) a NIV should be tried before and if necessary after
a gastrostomy to avoid pulmonary insufficiency and
intubation. A sufficient analgetic therapy after the
application of PEG to minimize pain induced diaphragm
atony is essential to minimize complications.
Anaesthetic complications are also common in ALS and
SMA. In addition to respiratory dysfunction and risk of
aspiration there is a pathologic reaction to muscle relaxants.
Depolarising muscle relaxants are contraindicated. They can
cause myotonia-like contractions (e.g. masseter spasm),
resulting in difficulty to intubate, and rhabdomyolysis with
severe hyperkalaemia and consecutive renal failure or
cardiac complications such as arrhythmias [22, 23]. The
sensitivity of non-depolarising muscle relaxants is increased,
therefore the dose should be reduced in patients with ALS
[24].
Duchenne and Becker MD
The Duchenne MD is an X-linked recessive myopathy
with dystrophin loss that presents in childhood with
progressive loss of muscle strength and gait disturbance.
Developing scoliosis and changes in thoracic anatomy
contribute to a restrictive ventilatory defect approximately
after 10 years and a muscular weakness of the diaphragm is
followed by hypoventilation and in 80% of cases by death
secondary to respiratory failure [2]. Becker MD is caused by
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reduced levels or abnormal variants of dystrophin. The age
of onset of the muscle weakness is variable and normally
later than in Duchenne MD.
Using the respiratory assessments described above
patients undergoing general anaesthesia with a preoperative
FVC < 50% of that predicted are at increased risk of
complications and if the preoperative FVC value is < 30% of
that predicted they are at high risk for complications. To
optimize the success of postoperative extubation facilitated
by NIV a preoperative and a postoperative NIV is
recommended for patients at increased risk and is necessary
for patients at high risk. For patients with a reduced ability to
cough (PCF < 270 l/min) a preoperative training and
postoperative use of manual/mechanical assisted cough is
advised [25].
As mentioned above, a cardiac involvement (left
ventricular failure, arrhythmia) is common and does not
correlate with the degree of skeletal involvement [5]. It
increases with age and is found in almost all patients older
than 18 years. Thus the anaesthetic risks are determined by
the respiratory and cardiac functions. Depolarising muscle
relaxants and volatile anaesthetics have a high risk of
hyperkalaemia
induced
cardiac
arrest,
malignant
hyperthermia-like episodes and rhabdomyolysis [26]. It is
important to monitor the volume status of patients with
Duchenne MD because hypovolaemia often leads to cardiac
decompensation, cognizable as tachycardia worsened by
hypovolaemia [24].
Myotonic Dystrophy
DM is a progressive, autosomal dominant multisystemic
disease characterized by muscular dystrophy with muscle
weakness, myotonia (delayed relaxation of skeletal muscle),
cataract, diabetes mellitus and cardiac symptoms. The
myotonic dystrophy type 1 (DM1) can present at any age,
including infancy, with a high risk of death in the neonatal
period. Limb weakness begins distally in the extremities and
can slowly progress to proximal muscles. Most patients with
the myotonic dystrophy type 2 (DM2) become symptomatic
between the ages of 20 and 60 years; initial there is usually
an intermittent stiffness and pain of the proximal muscles in
one or both legs (PROMM or proximal myotonic myopathy).
A cardiac involvement is common especially in type 1 and
manifests itself in supraventricular flutter and fibrillation as
well as ventricular arrhythmias. Pacemakers can extend life
expectancy and are indicated for a third grade AV-block at
any anatomical level and advanced second grade AV-block
[27]. Regarding anaesthetic issues one has to keep in mind
that depolarising muscle relaxants and cholinesterase
inhibitors are contraindicated. They can aggravate myotonic
muscle reactions followed by problems with intubation and
ventilation [28]. Also coldness or postoperative shivering as
triggers for myotonic reactions should be avoided. Affected
smooth muscles (oesophagus, stomach) increase the
previously existing risk of aspiration [24]. Moreover,
respiratory depressant drugs can lead to prolonged phases of
apnoea in patients with myotonic dystrophy.
CONCLUSION
Cardiac involvement and respiratory failure are common
in neuromuscular diseases and frequently result in reduced
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life expectancy. The pathophysiological mechanism of
respiratory failure is a combination of impaired ventilation,
the inability to cough and upper airway obstruction, resulting
in a high risk of aspiration, atelectasis and hypoxia. Regular
and solid cardiac and pulmonic investigations are essential to
predict and avoid complications during operations,
anaesthesia and acute illness. In cases of respiratory failure,
NIV as well as non-pharmacologic airway clearance
techniques should be considered early during treatment.
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ABBREVIATIONS
ALS

= Amyotrophic lateral sclerosis

AV

= Atrioventricular

Bipap

= Bi-level positive airway pressure devices

DM

= Myotonic dystrophy

ECG

= Electrocardiogram

Echo

= Echocardiogram

FVC

= Forced vital capacity

MD

= Muscular dystrophies

MND

= Motor neurone disease

NMD

= Neuromuscular diseases

NIV

= Non-invasive ventilation

PCF

= Peak cough flow

PEG

= Percutaneous endoscopic gastrostomy

SNIP

= Sniff nasal inspiratory pressure

VC

= Vital capacity
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