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Abstract

Introduction In 2021, the Deutsche Gesellschaft fir Neurology published a new guideline on diagnosis and therapy
of motor neuron disorders. Motor neuron disorders affect upper motor neurons in the primary motor cortex and/

or lower motor neurons in the brain stem and spinal cord. The most frequent motor neuron disease amyotrophic
lateral sclerosis (ALS) is a rapidly progressive disease with an average life expectancy of 2-4 years with a yearly inci-
dence of 3.1/100,000 in Central Europe (Rosenbohm et al. in J Neurol 264(4):749-757,2017. https://doi.org/10.1007/
s00415-017-8413-3). It is considered a rare disease mainly due to its low prevalence as a consequence of short disease
duration.

Recommendations These guidelines comprise recommendations regarding differential diagnosis, neuroprotective
therapies and multidisciplinary palliative care including management of respiration and nutrition as well as provision
of assistive devices and end-of-life situations.

Conclusion Diagnostic and therapeutic guidelines are necessary due the comparatively high number of cases and
the aggressive disease course. Given the low prevalence and the severe impairment of patients, it is often impossible
to generate evidence-based data so that ALS guidelines are partially dependent on expert opinion.

Keywords Motor neuron disorders, Amyotrophic lateral sclerosis (ALS), Genetics, Neuroprotection, Symptomatic
treatment, Interdisciplinary care
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Introduction
This guideline is an abridged and translated short version
of “Motoneuronerkrankungen”.

A complete version of this guideline (in German) can
be found on the website of the Deutsche Gesellschaft
fiir Neurologie (www.dgn.org/leitlinien) and the AWMF
(Arbeitsgemeinschaft wissenschaftlicher Medizinischer
Gesellschaften) [34].

AWMF Registry number: 8.0a.

Level of guideline: S1.

Date of last update: 11/2021.

Valid until: 12.08.2026.

Edited by: Guidelines Committee of the German
Neurological Society.

ALS is a rapidly progressive multisystem degenerative
disease with predominant motor symptoms. Involvement
of extramotor brain regions is frequent and has been
confirmed by neuropsychological, electrophysiologi-
cal and neuropathological as well as imaging studies [8,
19, 22, 29, 54]. Different clinical phenotypes are defined
by the region of disease onset (bulbar/cervical/thoracic/
lumbar) and the extent of upper and lower motor neuron
and extramotor involvement. Up to 5% of ALS patients
develop clinically manifest frontotemporal dementia
(ALS/FTD) while more subtle frontal deficits can occur
in up to 50% of patients [37]. Spinal muscular atrophy
(SMA) can be diagnosed by genetic testing for muta-
tions in the survival of motor neuron gene on chromo-
some 5 and mostly becomes apparent with lower motor
neuron signs in childhood or adolescence. Only slower
progressive adult onset forms (SMA type 4) can show
clinical overlap with ALS in the variant of progressive
muscular atrophy (PMA) [61]. The occurence of signs of
combined affection of bulbar and spinal motor neurons
without upper motor neuron symptoms in male patients
is suggestive for x-chromosomal recessive spinobulbar
muscular atrophy (SBMA, Kennedy’s syndrome) which
is caused by expansion of a tandem CAG repeat in the
first exon of the androgen receptor gene on chromosome
Xql1-12. Motor symptoms frequently are combined
with postural tremor, fasciculations and endocrino-
logical symptoms (gynecomastia, testicular atrophy, oli-
gospermia, diabetes) [31]. Hereditary spastic paraplegia
(HSP) can be confounded with the ALS variant primary
lateral sclerosis (PLS) as both disorders lead to progres-
sive upper motor neuron damage (with HSP being rather
symmetrical as opposed to a focal onset in PLS).

The most important etiological factor of ALS are muta-
tions in the COORF72 gene accounting for about 25%
of familial and up to 10% of sporadic cases in Europe
[44]. Intermediate length polyglutamine expansions in
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the ataxin-2-gene have been identified as most impor-
tant genetic risk factor for sporadic ALS [17]. Muta-
tions in the gene coding for cytosolic Cu/Zn superoxide
dismutase (Cu/Zn SOD) account for 10-15% of auto-
somal-dominantly inherited cases in Germany. Autoso-
mal-dominant mutations in the fused in sarcoma (FUS)
(also in very young patients) and TARDNP (TDP-43)-
genes are responsible for less than 5% [17]. Penetrance
can be incomplete, in particular in COORF72-mutations,
which implies that these mutations can also occur in
apparently sporadic cases [27].

What’s new?

+ Recent data support the concept of genetic, patho-
logical and pathophysiological overlaps within the
spectrum of degenerative motor neuron disorders
consisting of amyotrophic lateral sclerosis (ALS)
associated with aggregation of three specific proteins
(TDP-43, SOD1, FUS), the genetically heterogeneous
hereditary spastic paraplegias (HSP), and the more
homogenous spinobulbar muscular atrophy (SBMA)
and spinal muscular atrophy (SMA)

+ The relationship between ALS and frontotemporal
dementia (FTD) is well established and of both diag-
nostic and therapeutic relevance

+ The ALS spectrum includes distinct clinical pheno-
types with variable degrees of upper and lower motor
neuron as well as extramotor (mainly frontotempo-
ral) involvement such as primary lateral sclerosis
(PLS), flail arm-/flail leg-syndrome, progressive mus-
cular atrophy (PMA), progressive bulbar palsy (PBP),
and ALS/frontotemporal dementia (FTD)

« Criteria (Brettschneider-Braak-stages) can be used
for neuropathological subclassification and stag-
ing. Although these stages are mirrored by imaging,
neuropsychological, and neurophysiological studies,
their clinical use is restricted to an inproved under-
standing of the pattern of progression and pareses. A
preclinical stage of ALS has not been defined

+ Measurement of neurofilament concentrations,
in particular of neurofilament light chain (NfL) in
serum and phosphorylated neurofilament heavy
chain (pNfH) in CSF is, while not ALS-specific, use-
ful as diagnostic and prognostic marker

+ Intravenous administration of the antioxidant edara-
vone has been approved for treatment of ALS in
Japan, the US, Canada, Switzerland and South Corea.
Phase I1I-studies with orally administered edaravone
are currently under way also in Europe

+ DPositive effects in ALS patients with rapid disease
progression could be shown for the MAO-B-inhibi-
tor rasagiline and for a high caloric fatty diet in post
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hoc analyses of phase IIb-studies but final conclu-
sions cannot be drawn yet

+ Treatment with the antisense oligonucleotide nusin-
ersen has been approved in Germany for treatment
of patients with spinal muscular atrophy with muta-
tions in chromosome 5q (5q-SMA) since 2017 with-
out age restrictions. First real world data show stabi-
lization and/or improvement of symptoms in adult
SMA patients. An alternative for adult SMA patients
is the oral splicing modifier risdiplam

« Antisense oligonucleotide-based treatments are in
clinical development also for several genetic forms of
ALS

The most important recommendations

Riluzole (2 x 50 mg/d) delays disease progression

Aims of symptomatic (palliative) therapy are mainte-
nance of quality of life and autonomy, early information
about the disease and preparation of advance directives
Early information of patients and caregivers about non-
invasive ventilation as an effective symptomatic and sur-
vival-prolonging treatment is important

Pneumonia should be prevented by physical therapy and
early antibiotic treatment of respiratory tract infections
as well as treatment of sialorrhea

Percutaneous endoscopic gastrostomy (PEG) can
prevent catabolism and is probably associated with
increased survival, in particular in combination with
specific nutritional strategies and improvement of qual-
ity of life

Symptomatic treatment of dysarthria and other disease-
associated symptoms (pseudosioalorrhea, thick mucus,
depression, cramps, pain) is recommended

Adequate provision of assistive devices for maintenance
of autonomy and prevention of secondary complications
should be initiated early

Advance directives should be created and regularly
reviewed and access to palliative care should be initi-
ated early enough

Guidelines in detail

Diagnosis

The diagnosis of ALS is primarily based on clinical crite-
ria. Differential diagnosis can be difficult in early disease
stages and if signs of upper or—less frequently—lower
motor neuron affection are lacking.
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Distinct clinical phenotypes can be distinguished:

+ Classical ALS (upper and lower motor neuron signs
with bulbar or spinal onset)

+ Upper motor neuron-predominant ALS

+ Primary lateral sclerosis (PLS) as pure upper motor
neuron syndrome which may only affect bulbar mus-
cles (pseudo-bulbar palsy) [58]

o Flail arm-/flail leg-syndrome, leading in most
patients initially to an often proximally predominant
paraparesis of upper or lower extremities without
abnormalities in DTR

+ Progressive bulbar palsy (PBP)

o Axial variant with primary hypoventilation and
weakness of trunk muscles (“thoracic onset”)

+ Progressive muscular atrophy (PMA) with lack of
clinically apparent upper motor neuron signs

o ALS/FTD (5-10% of patients) combining motor
symptoms and behavioral/cognitive deficits typical of
FTD

While the El Escorial diagnostic criteria (last revised
in 2000) requested the presence of both upper and lower
motor neuron signs in at least on body region for a diag-
nosis of “possible ALS” [10], a revision has been initiated
in 2015 by the Word Federation of Neurology aiming to
better integrate recent knowledge and specific pheno-
types [35]. In line with these suggestions, an international
group of experts published the so-called Gold Coast cri-
teria in 2020 [55]. Using these criteria, progressive motor
impairment with either upper and lower motor neuron
affection in one or lower motor neuron affection in at
least two body regions can be diagnosed as ALS if other
alternative disease processes are excluded by appropriate
examinations. These suggested criteria are sensitive for
the diagnosis, but their specificity is not explored yet.

The revised version of the ALS Functional Rating Scale
(ALSFRSr) is an easily applicable clinical score which can
reflect disease progression despite some methodological
limitations. It can be used for patient care as well as an
outcome parameter in clinical trials and also as patient
reported outcomes by patients themselves. Printed and
only versions are available [38].

Diagnostics
Mandatory examinations
Clinical-neurological examination taking into account
the typical patters (“central’, “corticospinal”) of muscle
weakness and disease spreading.

Electromyography and nerve conduction studies
(including assessment of potential conduction blocks).
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Cranial and spinal MRT based on the clinical presenta-
tion (e.g. to exclude myelopathy/polyradicular lesions).

Neuropsychological testing, if possible including the
Edinburgh Cognitive and Behavioral ALS Screen (ECAS).

Pulmonary function tests (vital capacity, SNIP), noc-
turnal capnometry during disease progression.

Body weight, body mass index (BMI).

Regular recording of the ALSFRSR.

Additional tests in according to the clinical

and neurophysiological findings and resulting differential
diagnoses

CSF analysis (lymphocyte count, protein content, oligo-
clonal bands, glucose, lactate, neurofilament concentra-
tions (NfL, pNfH in serum and CSF)).

Blood sedimentation rate, C-reactive protein (CRP),
red, white, differentia blood count, GOT, GPT, TSH,
T3,T4, vitamine B12 (methylmalonic acid, homocyst-
eine), serum- and immune electrophoresis, CK, creati-
nine, Na*, K*, Ca**, CI-, PO,, glucose.

Additional laboratory examinations in individual cases:

+ Angiotensin converting enzyme/ACE, Hexosamini-
dase A and B

+ Antibody testing for differential diagnosis of
immune-mediated diseases (e.g. ANA, antiDNA,
Anti-Hu, anti-MAG, Anti-AchR, anti-MUSK, potas-
sium channel antibodies, antibodies against voltage-
gated calcium channels, MUSK-, acetylcholine recep-
tor-antibodies)

+ In cases with dementia: VLCFA (very long chain fatty
acids) in Serum, Arylsulfatase A

+ In cases with myogenic changes at the EMG exami-
nation: muscle biopsy (for differential diagnosis of
inclusion body myositis/distal myopathies/glycogen-
storage diseases)

+ Examination of swallowing including FEES, HNT
examination in cases with isolated bulbar/pseudobul-
bar symptoms

Genetic testing

Genetic testing (currently as panel diagnostics and
additional testing for COORF72 repeat expansions with
Southern Blot for determination of repeat length) should
routinely be performed only in patients with positive
family history (including dementias and psychiatric dis-
orders) after obtaining informed consent.

These recommendations may change in case of availa-
ble disease modifying gene therapies (particularly regard-
ing SOD1, C9ORF72 and FUS mutations) rendering
genetic testing relevant also for apparently sporadic cases
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(due to lack of complete penetrance of some mutations
and the possibility of de-novo-mutations).

Testing for mutations in the androgen receptor and
SMN1 genes should be initiated in cases with isolated
lower motor neuron affection leading to clinical suspi-
cion of SBMA or SMA.

Therapy

Disease modifying pharmacotherapy

There is a high unmet need for more efficient neuropro-
tective treatments of ALS. So far, only riluzol has been
approved in Europe as disease modifying treatment of
ALS. Its acts as a blocker of voltage-gated sodium chan-
nels and has been shown to significantly increase survival
without tracheostomy after 12 months [43]. Pooled data
from clinical registries showed a survival increase of up
to 10 months [4, 26]. The comparison of different doses
showed best efficacy with best tolerability of a dose of
100 mg/d [32]. It is available as tablet or suspension and
in general well tolerated but can lead to a significant
increase in liver enzymes.

The antioxidant edaravone has so far been approved
for the treatment of ALS in the US, Canada, South Korea
and Switzerland. A randomized placebo-controlled trial
had not shown efficacy in a mixed ALS patient popula-
tion [1] but a subsequent study with inclusion criteria
based on post hoc analyses showed significant slowing of
deterioration in the ALSFRS-R in selected patients while
data on survival are lacking so far [62]. Phase 3 studies
with oral edaravone formulations as well as other experi-
mental treatments are currently ongoing.

All ALS patients should be treated with riluzol in a
dosage of 50 mg BID, transaminases should be regularly
monitored. A general recommendation for edaravone can
not be given at the moment. Patients should be offered
the possibility to participate in clinical trials in special-
ized MND clinics.

Physical and occupational therapy

Aims of physical therapy are maintenance of function-
ality and autonomy, quality of life, cardiovascular func-
tion and prevention of secondary complications such as
pain and contractures [6, 14, 30]. Measures such as lym-
phatic drainage or respiratory therapy should be initiated
according to patients’ symptoms.

Speech and swallowing therapy should be started early
in patients with bulbar affection and should be comple-
mented by advice on communication devices with fur-
ther disease progression [51].

Chronic respiratory insufficiency
Non-invasive ventilation (NIV) can increase survival and
improve quality of life of ALS patients [7, 45, 49]. Patients
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with predominantly spinal as opposed to bulbar symp-
toms show better benefit in general. Pulmonary function
should be regularly monitored and patients should be
informed early about treatment options and limitations.

NIV should be started when symptoms of chronic
hypoventilation become apparent or increased pCO2 lev-
els are detected at nocturnal capnometry.

Mechanic insufflator/exsufflator (cough assist) devices
can used to alleviate weak cough and bronchial obstruc-
tion by thick mucus.

Diaphragm pacing cannot be recommended [23, 40].

Prior to tracheostomy and invasive ventilation, the
individual disease course, set of values and psychosocial
resources of each patient should be considered.

Prevention of pneumonia

Pneumonia should be prevented by physical therapy,
inhibition of mucus production (if necessary by gastros-
tomy), treatment of sialorrhea and use of mechanic insuf-
flators/exsufflators [53].

Palliative care/terminal respiratory insufficiency

Individual treatment aims and limitations including non-
invasive and invasive ventilation and percutaneous endo-
scopic gastrostomy (PEG) should be discussed early and
repeatedly with patients and caregivers.

In cases of respiratory distress, inhalation with bron-
chodilators such as ipratropiumbromide/salbutamole),
morphine (s.c./i.v./nasal spray) and anxiolytics (e.g. loraz-
epam, midazolam) can be used.

Sialorrhea
Sialorrhea as a result of impaired swallowing should be
treated to prevent social stigmatization and pneumonia.
Pharmacological treatment options include pirenzepine,
ipratropium bromide spray, scopolamine transdermal
patch, amitriptyline, sublingual application of atropine
1% eye drops, ultrasound-guided injection of incobotuli-
numtoxin A into the parotid and submandibular salivary
glands, starting with 100 MU (approved for the treatment
of sialorrhea in 2019 [28]).

Careful dose titration is important to prevent dry
mouth [63].

Fractionated radiation of salivary glands (7-8 Gray) is
an option in treatment-resistant sialorrhea [5].

Laryngospasms
Laryngospasms are frequent in SBMA but may also occur
in ALS partients [20]. Patients should be informed that
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they are harmless and self limitating. If patients are suf-
fering from them, treatment can be attempted by proton
pump inhibitors or prokinetic agents, in a second step by
botulinum toxin injections into the vocal folds [18].

Prevention of thrombosis

Risk for deep vein thrombosis in ALS is highly variable
and depends on the location and severity of pareses and
presence of other risk factors.

As there are no larger studies in ALS patients, recom-
mendations should be based on general recommenda-
tions for paraplegic patients [59].

In addition to basic measures such as sufficient
hydration and mobilization by physical therapy,
severely immobilized patients should receive prophy-
lactic treatment with low molecular heparins. In case of
contra-indications, direct oral anticoagulants (DOAK)
in reduces dosages may be used off-label [64].

Treatment of dysphagia and catabolism

Nutritional status of ALS patients is an independent
risk factor for survival [16]. Dysphagia occurs early in
bulbar onset ALS and frequently also in spinal onset
patients within the disease course. FEES may be help-
ful to detect clinically inapparent dysphagia and for
adjustment of logopedic treatment [46]. Catabolism
can be caused not only by dysphagia but also due to
respiratory insufficiency, hypermetoabolism or loss of
appetite. Positive effects of a high caloric diet could not
be confirmed in a clinical phase 2b trial for the whole
study population but post hoc analyses indiated ben-
eficial effects particularly in patients with rapid disease
progression [36].

Patients should be regularly monitored for dysphagia
and weight loss. Treatment should be initiated in cases
of patients’ suffering, weight loss, dehydration and risk
of aspiration. First measures should be nutrition coun-
selling and prescription of high caloric liquid nutrition
as well as logopedic treatment. Percutaneous endoscopic
gastrostomy (PEG) with pre-intervention antibiotic treat-
ment, slow restoration of feeding and peri-interventional
ventilation if required is recommended in cases of more
advanced dysphagia and weight loss.

Dysarthria
Early initiation of measures facilitating patients commu-
nication abilities can improve patients’ and caregivers
quality of life [33].

The combination of quinidine/dextromethorphan
had positive effects on bulbar function in a short rand-
omized trial [57] and may be prescribed by specialized
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clinics [41]. Measures to improve communication include
speech therapy, alphabet tables, communication apps on
tablets/mobile phones and electronic speech devices.
Brain-computer interfaces have so far only been tested
in experimental settings and their use in ALS may be
limited by multisystem neurodegeneration in advanced
stages.

Depression

Patients with ALS are at higher risk to develop depres-
sion and to commit suicide than the general population
[52, 56]. This is particularly true for early stages of the
disease and in patients with a history of affective disor-
ders and/or a insufficient social support.

There is a lack of large and well-designed trials to assess
pharmacological interventions against depression in
ALS patients [21, 24]. ALS patients with clinically mani-
fest depression should therefore be treated according
to general national and international depression guide-
lines taking into account other ALS related symptoms:
anticholinergic side effects may be useful in ALS patients
with sialorrhea, antinociceptive effects in patients with
pain, sedation and increase of appetite in patients with
sleep disturbances and weight loss.

Emotional lability
Increased emotional lability and pathological laughing/
crying are often more disturbing for relatives than for
patients themselves.

Patients should be informed about emotional lability as
a symptom of ALS. Selective serotonin reuptake inhibi-
tors such as citalopram or tricyclics such as amitriptyline
can be used off-label to treat emotional lability. A small
clinical trial showed efficacy of quinidin/dextrometro-
phan but with frequent side effects [11].

Pain

Pain is a frequently underdiagnosed symptom in ALS
[13]. It should be classified and treated according to pain
type (nociceptive, musculoskeletal, neuropathic) based
on national/international guidelines.

Muscle cramps

Fasciculations and cramps are a frequent and mostly
temporary symptom mainly in early disease stages. Fas-
ciculations only very rarely require treatment. Cramps
can be treated with magnesium, quinidine sulfate, mexi-
letine (of which the efficacy has been confirmed in two
randomized clinical trials in ALS patients [47, 60]) or
ranozaline. In treatment resistant cases, cannabinoids
may be used.
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Spasticity
Spastiticy resulting in contractures and musculoskeletal
pain primarily occurs in patients with upper motor neu-
ron dominant ALS or PLS and can be treated with physi-
cal therapy and antispastic agents such as lioresal.
Delta-9-tetrahydrocannabinol and cannabidiol (THC/
CBD: 50:50) spray resulted in decreased spasticity symp-
toms in a placebo-controlled randomized phase 2 trial
in ALS patients [50]. Botulinum toxin A may be used in
focal treatment resistant spasticity [39].

Anxiety

Data on the prevalence of anxiety in ALS patients are
sparse but smaller studies indicate that it is not more fre-
quent than in the general population [25, 48].

As no large well-designed clinical trials on the treat-
ment of anxiety in ALS exist, it should be performed
according to general guidelines. Depending on the
severity, psychotherapeutic and/or pharmacological
treatments should be used, including short acting ben-
zodiazepines for acute attacks and antidepressants (SSRI,
SNRI, tricyclics) in chronic anxiety.

Assistive devices

Provision of assistive devices to maintain patients’ auton-
omy, communication and mobility, enable social par-
ticipation and symptom control is a central part in the
treatment of ALS, It should preferably occur in special-
ized centers experienced in the care of ALS patients.

Psychosocial care

Psychosocial care should be offered to patients and car-
egivers and information on patient support groups
should be provided by specialized MND clinics. It may
contribute to alleviate the burden of caregivers [12, 15].

Coordination of care
Diagnosis of ALS should preferable made during an
inpatient stay in the hospital. In cases seeking for a sec-
ond opinion, an ambulatory setting in specialized MND
clinics can be an alternative. Further treatment of ALS
patients including coordination of symptomatic treat-
ment measures and care as well as advance care plan-
ning should also take place in an interdisciplinary ALS
center. Individual treatment aims and limitations should
be discussed and the option to create advanced directives
should be offered. Specialized outpatient palliative care
should be organized if needed.

In cases with more complex or life-threatening symp-
toms, inpatient hospital admission is required for
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symptom control. Patients with hypoventilation and the
need for non-invasive/invasive ventilation should be
treated in specialized centers who are experienced in the
treatment of neuromuscular diseases. PEG placement
should also be performed in an inpatient setting, experi-
enced centers are strongly recommended.

For symptom control in patients with terminal res-
piratory insufficiency, inpatient treatment in palliative
care wards or hospices can be considered.

Contributing Scientific Societies

Kommission Leitlinien der Deutschen Gesellschaft fir Neurologie (DGN).
Osterreichische Gesellschaft fiir Neurologie (OGN).

Schweizerische Neurologische Gesellschaft (SNG).

Methodological approach

The project was managed by the coordinators Susanne Petri, Albert Ludolph
and Julian Grosskreutz using adaptation of European and US-American
Guidelines.

The topics were worked on by author-teams based on the current data situ-
ation and then coordinated in a first Delphi round by the guideline group.
This S1 level guideline (AWMF-registry number 8.0a) is based on a systematic
Pubmed search. Where possible, the following sources were used: systematic
research in Medline and Cochrane, use of defined inclusion and exclusion
criteria. The guideline is further developed from DGN guidelines 2003, 2008,
2011 and 2014 and integrates Practice Parameters of the American Academy
of Neurology [9, 42] and guidelines of the EFNS Task Force [2, 3]. The core
statements were evaluated according to the guidelines of the Oxford Centre
for Evidence-based Medicine—Levels of Evidence and from this a strength
of recommendation was derived. In a second Delphi round, all recommenda-
tions were finally agreed upon by the neurological guidelines group. The
guideline was reviewed by the Guideline Committee of the German Neuro-
logical Society and approved by the German Neurological Society. Patient
organizations were not involved.

Joint recommendations: German Neurological Society (DGN), Austrian Neuro-
logical Society (OGN) and Swiss Neurological Society (SNG).
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