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Received: 21 December 2016 / Accepted: 25 February 2017 / Published online: 9 March 2017

� SIMI 2017

Abstract Genetic and acquired motor-neuron-disorders

(MNDs) may undergo acute deterioration resulting in

various emergency situations. This literature review aims at

summarising and discussing current knowledge about

emergencies in MNDs. Emergencies that have been

reported in MND patients include: respiratory, bulbar,

cardiac, septic, epileptic, psychiatric, pain-related, and

traumatic emergencies. Emergencies due to respiratory

insufficiency have the strongest impact on morbidity and

mortality in MNDs. To optimise the management of

emergencies in MNDs, it is recommended to discuss these

topics with the patient prior to their occurrence. After

informed consent, patients may indicate their decision by

signing an advance directive as to how such emergencies

should be managed in case they arise. Generally, treatment

of emergencies in MNDs is not at variance from treatment

of similar emergencies due to other causes, but some

peculiarities need to be pointed out. It is concluded that

patients with MNDs may experience various emergencies

during the disease course. Management of these conditions

should be discussed with the patient prior to their appear-

ance. Management of these emergencies follows general

guidelines, which widely vary between countries, and

depend on the availability of a patient’s advance directive.
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Abbreviations

ACP Advance care planning

AD Advance directive

AEDs Antiepileptic drugs

ALD Adrenoleucodystrophy

ALS Amyotrophic lateral sclerosis

AV-block Atrio-ventricular block

BSMA Bulbospinal muscular atrophy Kennedy

BVLS Brown–Vialetto–Van Laere syndrome

CPR Cardio-pulmonary resuscitation

EEG Electroencephalography

fALS Familial amyotrophic lateral sclerosis

FVC Forced vital capacity

HSPs Hereditary spastic paraplegias

ICD Implantable cardioverter defibrillator

ILAE International League Against Epilepsy

MAC Mechanically assisted coughing

MEP Maximal expiratory pressure

MIDs Mitochondrial disorders

MIP Maximal inspiratory pressure

MND Motor neuron disease

NIPPV Non-invasive positive pressure ventilation

NMDs Neuromuscular disorders

PEG Percutaneous, endoscopic gastrostomy

RSI Rapid sequence induction

sALS Sporadic amyotrophic lateral sclerosis

SMA Spinal muscular atrophy

TTS Takotsubo syndrome
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Introduction

Motor neuron disorders (MNDs), also known as anterior

horn cell disorders, are a heterogeneous group of neuro-

muscular disorders (NMDs) due to impaired functioning of

the second motor neuron [1]. In some of the MNDs the

central nervous system may be additionally affected.

MNDs may have a genetic cause or may be acquired.

Genetic MNDs include familial amyotrophic lateral scle-

rosis (fALS), spinal muscular atrophies (SMAs), bul-

bospinal muscular atrophy Kennedy (BSMA), the

adrenoleucodystrophies (ALDs), hereditary spastic para-

plegias (HSPs), mitochondrial disorders (MIDs), hex-

osaminidase-deficiency type A (Sandhoff disease, GM2

gangliosidosis), and Brown–Vialetto–Van Laere syndrome

(BVLS), a congenital motor neuron disease with pontob-

ulbar palsy, sensorineural hearing loss, and respiratory

insufficiency. The acquired MNDs include sporadic ALS

(sALS), aluminium-. lead- and mercury-intoxication, syr-

ingomyelia, myelopathy, myelitis, Hirayama’s disease, and

poliomyelitis. Genetic and acquired MNDs may undergo

acute deterioration resulting in various emergency situa-

tions. This review aims at summarising and discussing

current knowledge about emergencies in MNDs.

Materials and methods

Data for this review were identified by searches of MED-

LINE, Current Contents, EMBASE, Web of Science, Web

of Knowledge, LILACS, SCOPUS, and Google Scholar for

references of relevant articles. Search terms used for these

databases were ‘‘motor neuron disease,’’‘‘spinal muscular

atrophy,’’ ‘‘neuronopathy,’’ ‘‘anterior horn cell disease,’’

‘‘lead intoxication,’’ ‘‘adrenoleucodystrophy,’’ ‘‘Kennedy

disease,’’ ‘‘Sandhoff disease,’’ ‘‘hereditary spastic para-

plegia,’’ ‘‘Brown–Vialetto–Van Laere syndrome,’’ and

‘‘mitochondrial disorder,’’ which were combined with

‘‘emergency,’’ ‘‘respiratory insufficiency,’’ ‘‘Takotsubo

syndrome,’’ ‘‘sepsis,’’ ‘‘infection,’’ ‘‘psychosis,’’ ‘‘epi-

lepsy,’’ ‘‘seizure,’’ ‘‘pain,’’ and ‘‘trauma.’’ Results of the

search were screened for potentially relevant studies by

application of inclusion and exclusion criteria for the full

texts of the relevant studies. Included were randomized

controlled trials (RCTs), observational studies with con-

trols, case series, and case reports. Reviews, editorials, and

letters were not included. Only original articles about

humans, in English, French, Spanish, or German and

published between 1966 and 2016 were included. Refer-

ence lists of retrieved studies were checked for reports of

additional studies.

Results

By searching the literature according to the criteria men-

tioned above, the number of hits achieved was 2993. By

filtering these results through exclusion of articles on non-

human subjects, of review articles, letters, and of editorials,

and exclusion of articles in an inappropriate language, the

number was reduced to 274 hits. After studying the

abstracts, 125 were selected for detailed studying, but only

85 were accessible as full papers, and thus included in the

list of references. Emergencies that have been reported in

patients with MND include: respiratory, bulbar, cardiac,

septic, epileptic, psychiatric, pain-related, and traumatic

emergencies.

Respiratory emergency

Pathogenesis and presentation

Respiratory insufficiency is the most frequent cause of

morbidity and mortality in MNDs [2, 3]. Particularly in

ALS, SMA, ALD, BSMA, and BVLS, the respiratory

muscles will be affected with progression of the disease

resulting in respiratory insufficiency, infection, or respira-

tory failure [4, 5]. Rarely, respiratory dysfunction has been

reported in HSP [6]. Affected muscles may be the dia-

phragm, the intercostal muscles, the scalene muscles,

sternocleidomastoid, serratus anterior, pectoralis major,

pectoralis minor, trapezius, latissimus dorsi, erector spinae,

iliocostalis lumborum, quadratus lumborum, serratus pos-

terior superior, serratus posterior inferior, transversum

thoracis, levatores costarum, and subclavius muscles [7].

Respiratory insufficiency may be diagnosed clinically or by

instrumental investigations. Instrumental investigations to

detect clinically manifest or subclinical respiratory insuf-

ficiency include pulmonary function testing, bedside

spirometry, nocturnal oxygenation monitoring, and blood

gas analysis. Blood gas analysis may reveal partial or

global respiratory insufficiency [decreased pO2, increased

pCO2, or both, decreased maximal inspiratory pressure

(MIP)]. With pulmonary function testing, the forced vital

capacity (FVC), the MIP, or the maximal expiratory pres-

sure (MEP) can be measured. Respiratory insufficiency is

characterised by reduced FVC, increased MIP, and

decreased MEP [8]. Partial or permanent hypoxygenation

(O2 desaturation) may be measured online temporarily or

permanently. Function of the diaphragm may be monitored

by measuring the compound muscle action potential

amplitude after supramaximal stimulation of the phrenic

nerve [9]. An X-ray study of the lung may show unilateral

or bilateral high riding of the diaphragm.
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Management

In the emergency department If respiratory insufficiency

occurs acutely without knowing the neurological diagnosis,

MND patients usually undergo emergency intubation and

consecutive mechanical ventilation. Due to the increased

risk of vomiting, regurgitation, and aspiration in such a

situation, the anesthetic management may be facilitated by

application of rapid sequence induction (RSI), the corner-

stone of emergency airway management. In case of acute

respiratory and availability of a patient’s will, management

is determined by what has been written as the patient’s

desires. In case the patient refuses intubation, heated,

humidified oxygen via a high-flow nasal cannula is an

alternative option [10].

Prior to the emergency department In most cases, respi-

ratory insufficiency develops slowly over a long time. This

is why MND patients should undergo repeated assessments

of respiratory functions. The follow-up investigations can

be facilitated by application of ambulatory spirometry [11].

In case respiratory insufficiency develops, physical ther-

apy, application of oxygen, and non-invasive positive

pressure ventilation (NIPPV) may alleviate the patient’s

dyspnea. Airway management in MND patients under

NIPPV may be supported by use of a humidification or

saline nebulizer, by techniques such as breath stacking, by

mechanically assisted coughing (MAC), or by use of

mechanical insufflation-exsufflation. Opioid analgesics

(morphine salts, diamorphine) may be utilised to reduce the

cough reflex, control pain, and relieve dyspnoea. Oxygen

therapy should be used with caution to avoid hypercapnia.

Physiotherapy may be helpful to clear secretions. If these

measures are no longer sufficient to provide decent oxy-

genation, it has to be decided if mechanical ventilation

should be applied or not. Mechanical ventilation may take

place in an institution or at home (home tracheotomy

mechanical ventilation) [12]. Unique for the management

of emergencies in patients with MNDs is that these patients

are increasingly confronted with the various emergency

situations long before they occur, and more and more

frequently patients determine after informed consent in

advance by signing an advance directive (AD) concerning

type and intensity of treatment they want to receive in case

it becomes necessary. However, living will and advance

care planning (ACP) may be different in various countries,

and should be carried out according to national or inter-

national guidelines. In a recent Italian study of relatives

working as caregivers of artificially ventilated ALS

patients, the mean survival time after tracheotomy is

30 months, 85% of the patients did not want to be tra-

cheotomised, but were forced by their relatives to do so, the

quality of life for patients and relatives massively

deteriorated after tracheostomy, 4–6 months prior to

decease, deterioration of the situation was recognized by

the patients and relatives, communication between the two

became worse as well, decubital ulcers, local infections,

and septic conditions developed, the use of catheters

became necessary, and that sedating and analgesic medi-

cations were more frequently applied than before tra-

cheotomy [13]. Respiratory insufficiency in Brown–

Vialetto–Van Laere syndrome, which is due to mutations in

the riboflavin transporter, favourably responds to admin-

istration of riboflavin [14].

Bulbar emergency

Pathogenesis and presentation

Another emergency in patients with MND may arise if

bulbar muscles become affected and insufficient. Bulbar

problems may occur in case of choking caused by mucus

build-up, problems swallowing food, water or saliva, or in

case of exsiccosis. This may lead to impaired swallowing,

impaired closure of the epiglottis, and impaired innervation

of the larynx. As a consequence, nutrition, fluid intake, and

speech become inadequate, leading to bulbar speech, dys-

phagia, aspiration, pneumonia, cachexia, and exsiccosis.

Bulbar emergencies particularly arise in patients with ALS,

SMA, and BSMA. Bulbar involvement has been also

reported in ALD [15], HSP [16], BVLS [17] and Sandhoff

disease [18].

Management

In the emergency department In case of acute bulbar

dysfunction and choking, oral suction, endotracheal suction,

or in case of severe aspiration, intubation and artificial ven-

tilation may be necessary. Though bulbar dysfunction may

be triggered by infection or drugs, it is usually not reversible

and requires an appropriate long-term management.

Prior to the emergency department To avoid emergencies

caused by impaired bulbar functions, it is recommended to

timely implant a percutaneous, endoscopic gastrosotomy

(PEG). This may avoid exsiccosis and malnutrition. The

PEG should be placed early enough since aggressive

proactive nutritional management appears essential in

patients with MND [19]. To avoid aspiration, however, it is

essential to either regularly aspirate the patient, or to create

an elective tracheotomy. The tracheal stoma needs be one

that can be cuffed to effectively avoid any fluid from

running into the tracheal system, or to improve the shock

caused by coughing. Prior to a tracheotomy, devices can be

applied that mechanically support coughing. Deglution can

be improved by regular electrical stimulation of the
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pharynx, as has been demonstrated in patients with

ischemic stroke [20]. Swallowing in patients with ALS can

be improved by changes of posture or by the use of special

swallowing techniques. Compensatory and restitutional

swallowing therapeutic methods can help to ensure oral

alimentation for as long as possible, and also help prevent

food aspiration.

Cardiac emergency

Pathogenesis and presentation

The most well-known and increasingly recognised acute

cardiac emergency in MNDs is the Takotsubo syndrome

(TTS), also known as stress cardiomyopathy or broken-

heart syndrome. TTS is characterised by an acute-onset,

usually reversible deterioration of left ventricular function

triggered by physical or psychological stress. Psychologi-

cal stress can be endogenous or exogenous. Three types of

TTS are differentiated: the classical type where hypoki-

nesia, dyskinesia, or akinesia affects the apical or apical

and midventricular segments of the left ventricle; the

inverted TTS where the basal or mid-ventricular segments

are involved; and the global type where all segments of the

left ventricle are affected [21]. Clinically, blood-chemi-

cally, and electrocardiographically TTS mimics myocardial

infarction with the difference that echocardiography may

show the Takotsubo morphology (akinetic/hypokinetic/

dyskinetic segments together with hyperkinetic segments)

and that coronary angiography is usually normal. In the

majority of the cases, there is spontaneous or drug-sup-

ported complete remission of left ventricular dysfunction.

Echocardiography becomes normal within 6 weeks after

onset, and the electrocardiogram within 10 weeks after

onset. In some cases, however, no remission can be

achieved despite maximal treatment, with a fatal outcome.

TTS is a condition that can recur. In MNDs, TTS is most

frequently triggered by stress due to respiratory insuffi-

ciency [22]. Dyspnea from TTS has to be delineated from

dyspnoea from muscular respiratory insufficiency, but in

some cases, dyspnoea may be due to both. So far, TTS has

been reported in 6 patients with ALS, but in none of the

other MNDs [22–27]. Other cardiomyopathies are rare in

MNDs, but dysrhythmias have been repeatedly reported. In

a single patient with SMA dilatated cardiomyopathy has

been found [28]. In single patients with Sandhoff disease,

hypertrophic cardiomyopathy has been described [29]. In a

recent case report, a patient carrying an LMNA mutation

presented with a MND phenotype including dysrhythmias

[30]. Autonomic involvement in ALS may be associated

with atrio-ventricular (AV)-block III [31]. Malignant ven-

tricular dysrhythmias have been occasionally reported in

patients with SMA [32]. Other patients with SMA and right

bundle branch block and intermittent AV-block III have

been reported [33]. In the terminal stages of ALS, patients

may have reduced sympathetic activity, giving rise to

prolongation of the QT-interval, increased QTc dispersion,

and sudden cardiac death [34]. In BSMA patients, Bru-

gada-type ECGs have been reported [35].

Management

In the emergency department Since TTS mimics

myocardial infarction, the emergency physician needs to

initially exclude myocardial infarction. The clinical pre-

sentation suggests TTS, echocardiography is the next

diagnostic step. If echocardiography confirms TTS, coro-

nary heart disease needs to be excluded by coronary

angiography. There is no consensus whether each type of

TTS requires drug or invasive treatment. Consensus,

however, exists that the global type of TTS requires ther-

apy. In case the treating physician decides for a treatment,

drugs used for heart failure therapy are recommended.

Adrenergic substances should be avoided since they might

enhance systolic dysfunction. Patients with acute dys-

rhythmias may require antidysrhythmic medication,

implantation of a pacemaker, or an implantable car-

dioverter defibrillator (ICD) [31]. In case of severe ven-

tricular dysrhythmias, cardio-pulmonary resuscitation

(CPR) may be necessary.

Prior to the emergency department To avoid the devel-

opment of TTS, all measures must be taken to avoid trig-

gering factors of TTS. These include anxiety management,

avoidance of pain, and extensive education about the

diagnosis and prognosis with consecutive psychological

support.

Septic emergency

Pathogenesis and presentation

Patients with MND carry an increased risk of infections

because of immobility, respiratory insufficiency, or the

frequent need to carry out invasive measures. In case focal

infections are not sufficiently treated with antibiotics, are

treated too late, are not treated at all, or in case the cau-

sative agents are resistant to the applied antibiotics, bac-

teriemia or septicaemia may ensue. Particularly, patients

with ALS are prone to develop septic conditions [36]. More

rarely, sepsis develops in patients with spinal muscular

atrophy [37]. Sepsis in patients with MND may originate

from respiratory infections, decubitus, sinusitis due to nasal

tubes, tracheotomy, skin lesions from the ventilator mask,

PEG, urinary catheter, phlebitis, or from thrombosis due to

immobility.
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Management

In the emergency department If sepsis is complicated by

respiratory insufficiency or cardiac compromise, including

septic shock, intensive care measures will be necessary. In

case of septic shock in a MND patient without a patient’s

ability to give permission, all measures according to

established guidelines [38] should be taken to attempt

achieving complete recovery.

Prior to the emergency department Managing an infec-

tion prior to septic shock can be challenging, particularly in

the early stages of the condition. This is because early

manifestations may be non-specific. Blood chemical

investigations such as decreased thrombocyte count, ele-

vated procalcitonin, elevated lactate, or elevated inter-

leukin (IL)-6 may support the diagnosis [39]. Most

important is to identify the focus of the sepsis, to identify

the causative agent, and to treat according to the antibi-

ogram. The choice of antibiotic treatment must consider if

a patient additionally suffers from myasthenia, epilepsy,

liver insufficiency, renal insufficiency, or allergy to

antibiotics. Generally, aminoglycosides should be avoided

for the treatment of sepsis. Unique for the treatment of

severe infections in MND patients under mechanical ven-

tilation is, that the management can be determined already

before the occurrence of such a situation in form of a

patient’s written wishes.

Epileptic emergency

Pathogenesis and presentation

Among the MNDs with central nervous system involve-

ment, such as ALS, SMA, ALD, MID, HSP, or Sandhoff

disease, emergencies may arise due to affection of the

brain. The classical emergency due to central nervous

system involvement is the seizure. In neonates, seizures

may even be the initial manifestation of ALD [40]. Sei-

zures may also occur in adults with ALD or female carriers

of the disease [41]. Rarely, seizures have been described in

patients with BVLS [42]. Myoclonus epilepsy has been

described in patients with SMA [43, 44], and also in

patients with Sandhoff disease [45]. Occasionally, seizures

can be a phenotypic feature also of HSP [46].

Management

In the emergency department If a NMD patient has a

single generalised seizure, a series of seizures, or status

epilepticus, treatment according to the currently valid

guidelines of the International League Against Epilepsy

(ILAE) should be applied [47].

Prior to the emergency department To prevent emer-

gencies from seizures in MND patients, optimal seizure

control should be pursued. Treatment of seizures and epi-

lepsy in MNDs is the same as in non-MND patients.

Generally, seizures in MND patients respond favorably to

standard antiepileptic drugs (AEDs) [41]. If seizures occur

in patients with MNDs due to a MID, however, care has to

be taken not to apply AEDs with a mitochondrion-toxic

potential, such as valproic acid, carbamazepine, phenytoin,

or barbiturates, or to give them only if other antiepileptic

drugs are ineffective.

Psychiatric emergencies

Pathogenesis and presentation

Another type of cerebral emergency in patients with MNDs

is the acute confusional state, which may be associated

with dementia, as in ALS [48–50], BSMA [51], Sandhoff

disease [52, 53], HSP [54], MID, or ALD [55, 56]

(Table 1). Psychiatric emergencies, including psychosis,

may particularly occur in MNDs due to a MID. Among

MIDs, confusional states and psychosis have been partic-

ularly reported in patients with MELAS syndrome, LHON

[57], and adult Leigh-syndrome [58].

Management

In the emergency department If a MND patient presents

with a confusional state, delirium, severe depression, or an

acute psychosis, the patient should undergo cerebral

imaging and possibly electroencephalography (EEG), and

if not explanatory, should be referred to the psychiatrist. If

a psychiatrist is not immediately available, standard seda-

tive, antidepressive, or antipsychotic medication should be

applied according to published recommendations [59].

Psychiatric emergencies in MID patients require treatment

according to current recommendations [60], and cautious

Table 1 Emergencies in hereditary MNDs

RI BD CI Sepsis Epi Psych Pain Trauma

fALS y y y y n y y y

SMA y y y y y n y y

BSMA y y y n n y y y

ALD y y n n y y y y

HSP y y n n y y y n

MID y y y y y y y y

Sandhoff n y y n y y y n

BVLS y y n n y n n n

RI respiratory insufficiency, BD bulbar dysfunction, CI cardiac

involvement, Epi epilepsy, Psych psychiatric abnormality, BVLS

Brown–Vialetto–Van Laere syndrome, y yes, n no
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application of mitochondrion-toxic drugs, including

neuroleptics.

Prior to the emergency department In case of evolving

psychiatric abnormalities in patients with a MND, not only

psychiatric treatment needs to be initiated, but also neu-

rologic work-up including imaging and EEG not to miss a

deterioration of the MND or the occurrence of co-

pathologies. Depression, anxiety, psychotic symptoms,

drive failure, or excitation state, need to be adequately

treated and drugs, which could promote such conditions,

need to be discontinued.

Pain

Pathogenesis and presentation

Pain is a frequent manifestation of MNDs. It may occur as a

chronic condition, or may arise suddenly, even as an

emergency. Pain in MNDs may have different causes.

Acute pain in MNDs is most frequently due to muscle

cramps. In a study of 41 patients with ALS, 95% develop

muscle cramps during the disease course [61]. These muscle

cramps occur either spontaneously, particularly in the distal

limbs [62], or they are induced by voluntary or involuntary

contractions. Frequency of muscle cramps in ALS varies

considerably from month to month, but generally frequency

and intensity decline during the first year after onset [61].

Muscle cramps more frequently occur in patients with limb-

onset ALS, or those[60 years of age, than among those

with bulbar-onset ALS and age\60 years [61]. In addition

to ALS, cramps have been reported in patients with BSMA

[63] and Sandhoff disease [64]. However, pain in ALS may

also be non-specific. In a study of 46 ALS patients, 78% of

the patients complained about non-specific pain [62]. Pain

in ALS results in a significant disturbance of the activities of

daily living, in a reduction of the quality of life, and to

depression [62]. Pain may also result from severe spasticity

as in ALD [65]. Non-specific pain additionally occurs in

SMA [66] and HSP [67],

Management

In the emergency department A MND patient with acute

pain needs to be thoroughly investigated for the cause of

pain, and after identification of the cause, needs to receive

analgesics according to the guidelines from pain societies

[68]. According to a recent Cochrane-review [69], there is

currently no compound available that can be recommended

for the treatment of muscle cramps in MNDs. However,

magnesium, chinin, respectively gabapentin should be

tried, but chinin has been taken off the market in several

countries because of cardiac or hematological side effects.

Prior to the emergency department Pain due to cramps or

neuropathy, spasticity, arthralgia, or myalgia have to be

taken seriously by treating physicians and adequately

treated. Prophylactic measures are mandatory in NMD

patients to prevent the development acute or chronic pain.

Trauma

Pathogenesis and presentation

Ambulatory ALS patients have a risk of falls and trau-

matic injuries. The risk of falls results on the one hand

from progressive muscle weakness and resultant gait

disturbance [70], and on the other hand from impaired

processing of vestibular input [71]. In a recent study of 34

ambulatory ALS patients with normal results on vestibu-

latory testing, 37% showed a decreased ability to ade-

quately process the vestibular input [71]. In case ALS is

associated with dementia, falls may result from confu-

sional states. Falls may also be due to involvement of the

autonomic nervous system. Another potential cause of

falls in ambulatory MND patients may be impaired sen-

sory functions with or without sensory ataxia. An emer-

gency may arise in case of a fall and injury, such as head

trauma or bone fractures. Head trauma may not only

acutely deteriorate ALD [72], but may even trigger the

development of ALD [73]. Falls in BSMA or ALD may

lead to hip fractures [74, 75]. Fractures have also been

reported in patients with SMA although they may often

go undetected [76]. The frequency of fractures is partic-

ularly high in ALS [77].

Management

In the emergency department In case of a severe trauma,

MND patients need to be referred to trauma surgery.

Unique for MND patients undergoing general anesthesia is

that, particularly in MID patients, deterioration of the

general condition may occur after surgery.

Prior to the emergency department To prevent fractures

in the context of falls, it has been recently proposed to treat

these patients with the etidronat bisphosphonate [78].

Discussion

This review shows that patients with hereditary or acquired

MNDs may experience various emergencies in case of

respiratory muscle weakness, bulbar muscle weakness,

cardiac compromise, infectious disease, epilepsy, psychi-

atric abnormalities, pain, or trauma. The most important of

the emergencies are acute respiratory insufficiency and
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epilepsy since they have the strongest impact on morbidity

and mortality of MND patients.

Management of emergencies in MNDs is not at variance

from management in patients with other diagnoses, and

follows current national or international guidelines. How-

ever, management of emergencies in patients with MNDs

strongly depends on whether the neurological diagnosis is

already known and established, or not, when the patient

arrives in the emergency department, and whether there is an

ADavailable or not (Fig. 1). In case the underlying diagnosis

is not yet established, emergencies in NMD patients should

be managed according to the most recent and updated

national or international guidelines. In case the diagnosis

MND is established, management of emergencies depends

on whether or not an AD is available. In case no AD is

available, but the diagnosis MND is known, treating physi-

cians have to decide if an emergency is managed according

to currently valid guidelines, by less intensive measures, or

palliative, which can result in an ethical dilemma [79]. In

case there is no AD available, and the patient is not deci-

sionally capacitated, therapy has to be applied according to

the disposal of the procurator, if available (Fig. 1). If no

advocate representative is available, the treating physician

decides which therapeutic management is applied. For

example, in case of acute respiratory failure and absence of

anAD, treating physicians need to decidewhether the patient

is going to be intubated and mechanically ventilated. In case

of a bulbar emergency, treating physicians need to decide

whether a patient should receive a nasogastral tube, a central

intravenous line, a PEG, or a tracheostomy. In case of

infections, treating physicians need to decide if antibiotics

are applied, which antibiotics are given, and how often in

case of recurrent infections. Seizures should be treated in any

case, and anAD should not contain the prohibition of treating

seizures.

In case an AD is available, treating physicians need to

handle the emergency according to the commitment in the

AD. In this case, management of emergencies strongly

depends on how detailed the AD is drafted, and which

eventualities have been considered at the time of the

agreement. Concerning the content of an AD, it is recom-

mended that potential emergencies are explained to and

discussed with the patient prior their occurrence, and that

the patient gives informed consent how such possible

emergencies should be managed when they arise (Fig. 1)

[80]. Current practice in Switzerland and France tends to

discourage the use mechanical ventilation in MNDs due to

fear of a ‘‘locked-in syndrome’’, the huge burden put on

caregivers, and unmasking cognitive decline in MNDs with

dementia [81]. In Norway, an autonomous patient has the

right to refuse life-prolonging treatment, but if the patient

is not defined as dying, health personnel are obliged to start

life-saving treatment in an emergency situation even

against the patient’s will [82].

Adequate management of emergencies in MND patients

additionally includes that drugs that may deteriorate the

Fig. 1 Proposal for the

management of emergencies in

MNDs
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acute situation are discontinued. As an example, baclofen

which is given for spasticity in ALS patients, and may

deteriorate muscle weakness, needs to be immediately dis-

continued in case of respiratory failure [83]. Also drugs that

are used for behavioural disturbances must be discontinued

since theymay deteriorate dysarthria, dysphagia, andmuscle

weakness in ALS patients [83]. MIDs may mimic MNDs

[84], and treatment ofMIDs mimickingMNDs is at variance

from treatment of MNDs due to other causes [84, 85].

Overall, however, emergencies in MNDs are treated

according to guidelines that are not specific forMNDs. There

is a need to generate such specific guidelines in the future.

Limitations of the review are that caregiver breakdown,

social emergencies, laryngospasm, or blockage in the

feeding tube are not addressed due to space limitations.

Conclusions

Patients with MNDs may experience respiratory, bulbar,

cardiac, infectious, epileptic, psychiatric, pain-related, and

traumatic emergencies during the disease course. Cur-

rently, management of emergencies in MNDs is not at

variance from management of the same emergencies in

other patients, and follows current national or international

guidelines. Due to some peculiarities of MNDs, however,

there is a need to generate guidelines that are specific for

emergencies in MNDs. These should include that man-

agement of emergencies in MNDs is discussed with the

patient prior to the occurrence of any emergency, and that

informed consent and an AD be obtained from the patient

concerning the initiation of invasive measures in case such

emergencies arise.
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tracheotomy mechanical ventilation in patients with amyotrophic

lateral sclerosis: causes, complications and 1-year survival.

Thorax 66:948–952
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