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Abstract

Amyotrophic lateral sclerosis is a relentless
progressive and uncurable neurodegenerative disorder
that affects the motor neurons in the brain and spinal
cord. Clinical symptoms, neuro-radiographic patterns of
pathology, and genetics have shed important light on
the association between motor neuron diseases,
cognition, and behavior. In this article, the signs,
symptoms, and staging of the disease and its various
types as well as other motor neuron diseases will be

presented and discussed.

ALS: Amyotrophic lateral sclerosis; fALS: familial
ALS; FAS: Flail arm syndrome; FLS: Flail leg
syndrome; FTD: Fronto-temporal dementia; HD:
Hirayama’s disease; JALS: juvenile ALS; LMN: Lower
motor neuron; MMA: Monomelic atrophy; PDC:

Parkinsonism-dementia complex; PLS: Primary lateral
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sclerosis; PrBP: Progressive bulbar palsy; PrMA:
Progressive muscular; PsBP: Pseudobulbar palsy;

SALS: sporadic ALS; UMN: Upper motor neuron.

Amyotrophic  lateral  sclerosis;  fronto-temporal
dementia; monomelic atrophy; motor neuron diseases;
neurodegenerative diseases; primary lateral sclerosis;
progressive bulbar palsy; progressive muscular atrophy;

pseudobulbar palsy.
-000-

The term amyotrophic lateral sclerosis (ALS) comes
from the Greek language. "A" means no; "myo" refers
to muscle; “trophic” means nourishment so,
amyotrophic means "no muscle nourishment,” and
when a muscle has no nourishment, it "atrophies" or
wastes away. "Lateral" identifies the areas in a person's
spinal cord where portions of the nerve cells that signal

and control the muscles are located. As this area
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degenerates, it leads to scarring or hardening

("sclerosis") in the region.

ALS is a progressive neurodegenerative disorder that
affects the motor neurons in the brain and spinal cord.
Although cognitive and behavioral symptoms were
documented in patients with ALS-type motor neuron
disease in the late 1800’s, many were trained that ALS,
and motor neuron diseases in general, do not impact
thinking and behavior. However, within the last 10
years, there has been a convergence of research on ALS
clinical symptoms, neuro-radiographic patterns of
pathology, and genetics that have shed important light
on the association between motor neuron disease,
cognition, and behavior. In this article, after reviewing
the various ALS types, the signs and symptoms and the
staging of ALS will be discussed. Sidebars will explore
in greater details other motor neuron diseases and the

ALS functional rating scale.

Types of ALS

When describing ALS, a distinction is usually made
between those cases where the disease runs in a family -
so-called ‘familial” ALS (fALS), and the other cases or
‘sporadic’ALS (sALS). However, there are many
different sub-types of ALS, which are distinguished by
their signs and symptoms and their genetic cause or

lack of clear genetic association.
Sporadic ALS

Most people with ALS have a form of the condition that
is described as sporadic, meaning it occurs in people
with no apparent history of the disorder in their family.
This is the most common form of the disease,
accounting for approximately 90-95% of people living
with ALS. In affected individuals, features of the
condition usually first develop in their late fifties or

early sixties.
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Familial ALS

Individuals with familial ALS (fALS) are the first
people in their families known to have the disease. For
most of them, lifestyle, environmental or other risk
factors may have contributed to the development of the
disease. However, about 10% of people with familial
ALS have a mutation in a gene that has been linked to
ALS.

The signs and symptoms of fALS typically first appear
in one's late forties or early fifties. Approximately 5-
10% of people living with ALS in the U.S. have family
members who have also been diagnosed with the
disease, making it probable that a genetic mutation has
been inherited. About two-thirds of people with fALS
have mutations in known ALS genes, indicating that

more genes likely remain to be discovered.

ALS is similar whether it is inherited or appears in a
person with no family history of the disease, although
people with fALS often start showing symptoms at
earlier ages. Regardless of whether the disease is
familial or sporadic, the progression of ALS can vary
quite a bit from one person to another. Even within
families, family members who have been diagnosed
with ALS may have different disease courses.
Researchers are trying to understand these differences
to learn more about how to slow disease progression

and treat ALS more effectively.

Other forms of ALS are:

Juvenile ALS

Rarely, people with familial ALS develop symptoms in
childhood or their teenage years. These individuals have

a rare form of the disorder known as juvenile ALS
(JALS).
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ALS - Frontotemporal dementia

A small proportion of people with ALS, estimated at 5-
10% have a family history of ALS or a related condition
called frontotemporal dementia (FTD), which is a
progressive brain disorder that affects personality,
behavior, and language. The condition also develops in
approximately 20% of all individuals with ALS. Here,
changes in personality and behavior may make it
difficult for affected individuals to interact with others
in a socially appropriate manner. Communication skills
worsen as the disease progresses. It is unclear how the
development of ALS and FTD are related. Individuals
who develop both conditions are diagnosed as having
ALS-FTD. (For more information on. dementia, see this

author’s book on the subject).
ALS-Parkinsonism-Dementia complex

A rare form of ALS that often runs in families is known
as ALS-parkinsonism-dementia complex (ALS-PDC).
This disorder type is characterized by the signs and
symptoms of ALS, in addition to a pattern of movement
abnormalities known as parkinsonism, and a
progressive loss of intellectual function (dementia).
Signs of parkinsonism include unusually slow
movements (bradykinesia), stiffness, and tremors.
Affected members of the same family can have different
combinations of signs and symptoms. (For more
information on Parkinson’s disease and parkinsonism,

see this author’s book on the subject).

Other motor neuron diseases

ALS is a motor neuron disease, which is a group of
neurological disorders that selectively affect motor
neurons, the cells that control voluntary muscles of the

body. Other motor neuron diseases include:
»  Primary lateral sclerosis (PLS);

»  Progressive muscular atrophy (PrMA);
»  Progressive bulbar palsy (PrBP);
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» Pseudobulbar palsy (PsBP); and
» Monomelic atrophy (MMA) also-called
Hirayama’ s disease (HD).
As a disease, ALS itself can be classified in a few
different ways:
» By which part of the motor neurons are
affected;
» By the parts of the body first affected;

Y

Whether it is genetic; and
» By the age at which it started.

Each individual diagnosed with the condition will sit at
a unique place at the intersection of these complex and
overlapping subtypes, which presents a challenge to

diagnosis, understanding, and prognosis.

Subtypes of motor neuron diseases

ALS can be classified by the types of motor neurons
that are affected. To successfully control any voluntary
muscle in the body, a signal must be sent from the
motor cortex in the brain down the upper motor neuron
(UMN) as it travels down the spinal cord. There, it
connects via a synapse to the lower motor neuron
(LMN) which connects to the muscle itself. Damage to
either the UMN or LMN, as it makes its way from the
brain to muscle, causes different types of symptoms.
Damage to the UMN typically causes spasticity
including stiffness and increased tendon reflexes or
clonus, while damage to the LMN typically causes

weakness, muscle atrophy, and fasciculation.

Classical ALS

Classical (or classic) ALS involves degeneration to both
the UMN:Ss in the brain and the LMNs in the spinal cord.
PLS involves degeneration of only the UMNs while
PrMA involves only the LMNSs. There is a debate over
whether PLS and PrMA are separate diseases or simply
variants of ALS (Table 1).
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Main ALS subtypes
Classical ALS Yes
Primary lateral sclerosis (PLS) Yes

Progressive muscular atrophy No
(PrMA)
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Upper motor neuron degeneration  Lower motor neuron degeneration

Yes
No
No

Table 1: Classification of the main ALS subtypes

Classical ALS accounts for about 70% of all cases of ALS and can be subdivided into where symptoms first appear as

these are usually focused to one region of the body at initial presentation before later spreading. We distinguish between

limb-onset ALS (also known as spinal-onset) and bulbar-onset ALS. Limb-onset ALS begins with weakness in the hands,

arms, feet, and/or legs and accounts for about two-thirds of all classical ALS cases. Bulbar-onset ALS begins with

weakness in the muscles of speech, chewing, and swallowing and accounts for about 25% of classical ALS cases. A rarer

type of classical ALS affecting around 3% of patients is respiratory onset, in which the initial symptoms are difficulty

breathing (dyspnea) upon exertion, at rest, or while lying flat (orthopnea). (see Tables 2 and 3).

ALS sub-type
Limb (or spinal) onset

Bulbar onset o Weakness in the

0 25% of all cases
Respiratory onset

(orthopnea).

0 3% of all cases

Body area and % of occurrence
o Weakness in hands, arms, feet, and/or legs o 66.4% of all cases
muscles of speech, chewing, and swallowing

o Difficulty breathing (dyspnea) upon exertion, at rest, or while lying flat

Table 2: Sub-types of classical ALS by onset and percentage of occurrence

Primary lateral sclerosis

Primary lateral sclerosis (PLS) is a subtype of the
overall ALS category which accounts for about 5% of
all cases and only affects the upper motor neurons in the
arms, legs, and bulbar region. However, more than 75%
of people with apparent PLS go on to later develop
lower motor neuron signs within four years of symptom
onset, meaning that a definitive diagnosis of PLS

cannot be made until several years have passed.

PLS has a better prognosis than classical ALS, as it
progresses slower, results in less functional decline,
does not affect the ability to breathe, and causes less

severe weight loss than classical ALS.
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Progressive muscular atrophy

Progressive muscular atrophy (PrMA) is another
subtype that accounts for about 5% of the overall ALS
category and affects lower motor neurons in the arms,
legs, and bulbar region. While PrMA is associated with
longer survival on average than classical ALS, it is still
progressive over time, eventually leading to respiratory
failure and death. As with PLS developing into classical
ALS, PrMA can also develop into classical ALS over
time if the lower motor neuron involvement progresses
to include upper motor neurons, in which case the

diagnosis might be changed to classic ALS.
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Rare, isolated variants

Isolated variants of ALS have symptoms that are limited
to a single region for at least a year; they progress more
slowly than classical ALS and are associated with
longer survival. These regional variants of ALS can
only be considered as a diagnosis should the initial
symptoms fail to spread to other spinal cord regions for
an extended period (at least 12 months). Variants

include:

Flail arm syndrome

Flail arm syndrome (FAS) is characterized by lower
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motor neuron damage affecting the arm muscles,
typically starting with the upper arms symmetrically

and progressing downwards to the hands.

Flail leg syndrome

Flail leg syndrome (FLS) is characterized by lower
motor neuron damage leading to asymmetrical
weakness and wasting in the legs starting around the
feet. Isolated bulbar palsy is characterized by upper or
lower motor neuron damage in the bulbar region (in the
absence of limb symptoms for at least 20 months),
leading to gradual onset of difficulty with speech
(dysarthria) and swallowing (dysphagia).

ALS sub-type

Primary lateral sclerosis (PLS)

Progressive muscular

(PrMA)

atrophy

Body area and % of occurrence

o Affects UMNs in the arms, legs, and bulbar region.
0 5% of all cases

0 > 75% of PLS people develop LMNs signs within 4 years

o Better diagnosis: Progresses slower, results in less functional
decline, does not affect the ability to breathe, and causes less severe
weight loss

o Affects LMNs in arms, legs,
0 5% of all cases

and bulbar region

o Longer survival than classical ALS.
o Over time, can develop into classical ALS

Rare isolated variants:
o Flail arm syndrome (FAS)
o Flail leg syndrome (FLS)

o LMN damage affecting arm muscles
o LMN damage affecting legs

Table 3: Sub-types of classical ALS and percentage of occurrence

Signs and Symptoms

The disease is characterized by symptoms and signs of
degeneration of the upper and lower motor neurons,
which are specialized nerve cells that control muscle
movement. These nerve cells are found in the brain and
spinal cord. In ALS, motor neurons die (atrophy) over
time, leading to progressive weakness of the bulbar,
limb, thoracic and abdominal muscles. Other brain
functions, including oculomotor and sphincter function,

are relatively spared, but may be involved in some
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patients. Cognitive dysfunction occurs in 20-50% of
cases, and 5-15% develop dementia usually of the
frontotemporal type. Death because of respiratory
failure follows on average 2—4 years after symptom
onset, but 5-10% of patients may survive for a decade
or more. The mean age of onset is 4352 years when
the disease runs in a family and 58—63years in other
cases. The life-time risk of developing ALS is 1 in 350—
500, with male sex, increasing age, and hereditary

disposition being the main risk factors.

The first signs and symptoms of ALS may be so subtle

that they are overlooked. The earliest symptoms include
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muscle twitching, cramping, stiffness, or weakness.
Affected individuals may develop slurred speech
(dysarthria) and, later, difficulty chewing or swallowing
(dysphagia). Many people with ALS experience
malnutrition because of reduced food intake due to
dysphagia and an increase in their body's energy
demands (metabolism) due to prolonged illness.
Muscles become weaker as the disease progresses, and
arms and legs begin to look thinner as muscle tissue
atrophies. Individuals with ALS eventually lose muscle
strength and the ability to walk. Affected individuals
eventually  become  wheelchair-dependent  and
increasingly require help with personal care and other
activities of daily living. Over time, muscle weakness
causes affected individuals to lose the use of their hands
and arms. Breathing becomes difficult because the
muscles of the respiratory system weaken. Most people
with ALS die from respiratory failure within 2 to 10
years after the signs and symptoms of ALS first appear;
however, disease progression varies widely among

affected individuals.

Motor symptoms (chorea)

The disorder causes muscle weakness, atrophy, and
muscle spasms throughout the body due to the
degeneration of the upper motor and lower motor
neurons. Sensory nerves and the autonomic nervous
system are generally unaffected, meaning the majority
of people with ALS maintain hearing, sight, touch,

smell, and taste.

We can distinguish between five different motor

symptoms, as further succinctly described:

Initial-onset symptoms

The start of ALS may be so subtle that the symptoms
are overlooked. The earliest symptoms of ALS are
muscle weakness or muscle atrophy, typically on one
side of the body. Other presenting symptoms include

trouble swallowing or breathing, cramping, or stiffness
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of affected muscles; muscle weakness affecting an arm
or a leg; or slurred and nasal speech. The parts of the
body affected by early symptoms of ALS depend on

which motor neurons in the body are damaged first.

Limb-onset symptoms

In limb-onset ALS, the first symptoms are in the arms
or the legs. If the legs are affected first, people may
experience awkwardness, tripping, or stumbling when
walking or running; this is often marked by walking
with a "dropped foot" that drags gently on the ground. If
the arms are affected first, they may experience
difficulty with tasks requiring manual dexterity, such as

buttoning a shirt, writing, or turning a key in a lock.

Bulbar-onset symptoms

In bulbar-onset ALS, the first symptoms are difficulty
speaking or swallowing. Speech may become slurred,
nasal in character, or quieter. There may be difficulty

with swallowing and loss of tongue mobility.

Respiratory-onset symptoms

A small proportion of people experience "respiratory-
onset" ALS, where the intercostal muscles that support

breathing are affected first.

Upper- and lower-motor neuron symptoms

Over time, people experience increasing difficulty
moving, swallowing (dysphagia), and speaking or
forming words (dysarthria). Symptoms of upper motor
neuron involvement include tight and stiff muscles
(spasticity) and exaggerated reflexes (hyperreflexia),
including an overactive gag reflex. While the disease
does not cause pain directly, pain is a symptom
experienced by most people with ALS caused by
reduced mobility. Symptoms of lower motor neuron
degeneration include muscle weakness and atrophy,

muscle cramps, and fleeting twitches of muscles that
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can be seen under the skin (fasciculations).

Cognitive, emotional, and behavioral symptoms

Cognitive impairment or behavioral dysfunction is
present in 30-50% of individuals with ALS and can
appear more frequently in later stages of the disease.
Language dysfunction, executive dysfunction, and
troubles with social cognition and verbal memory are
the most commonly reported cognitive symptoms in
ALS.

Cognitive impairment is found more frequently in
patients with C9orf72 gene repeat expansions, bulbar
onset, bulbar symptoms, family history of ALS, and/or

a predominantly upper motor neuron phenotype.

Emotional lability is a symptom in which patients cry,
smile, yawn, or laugh, either in the absence of
emotional stimuli, or when they are feeling the opposite
emotion to that being expressed. It is experienced by
about half of ALS patients and is more common in
those with bulbar-onset ALS. While relatively benign
relative to other symptoms, it can cause increased
stigma and social isolation as people around the patient
struggle to react appropriately to what can be frequent

and inappropriate outbursts in public.

In addition to mild changes in cognition that may only
emerge during neuropsychological testing, around 10—
15% of individuals have signs of frontotemporal
dementia (FTD). Repeating phrases or gestures, apathy,
and loss of inhibition are the most frequently reported
behavioral features of ALS. ALS and FTD are now
considered to be part of a common disease spectrum
(ALS-FTD) because of genetic, clinical, and
pathological similarities. Genetically, repeat expansions
in the C9orf72 gene account for about 40% of genetic
ALS and 25% of genetic FTD.

Cognitive and behavioral issues are associated with a

poorer prognosis as they may reduce adherence to
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medical advice, and deficits in empathy and social

cognition which may increase caregiver burden.

The stages of ALS can vary from person to person, but
the disease typically progresses in a predictable way

through different stages as outlined below.
Early stage (mild symptoms)

 Initial symptoms: The early stage of ALS may
present with mild initial symptoms, such as:

0 Muscle weakness or twitching (fasciculations).

o Difficulty with fine motor skills (e.g., buttoning a
shirt or writing).

o Slurred speech or difficulty swallowing (dysphagia).

o Mild muscle cramps or stiffness (spasticity).

o Unexplained falls or stumbling.

» Impact: The symptoms are usually localized to one
part of the body, such as the hands, arms, or legs. Many
people can still carry out most of their daily activities

with little difficulty.
Middle stage (progressive weakness)

As the disease spreads, many muscles weaken and start
to stiffen. Range of motion exercises will likely be
recommended by physical therapists to help keep
muscles loose and prevent the formation of contractures
and muscle pain. Breathing may become affected. A
BiPAP machine or a phrenic pacer might be suggested,
particularly to help improve sleeping. A feeding tube
might be recommended to help meet nutritional needs.
Medications might be also recommended to help
control pseudobulbar effect (uncontrolled laughing or

crying) or to help reduce muscle spasms.

People with bulbar-onset ALS often work with a speech
therapist to keep their ability to speak for longer. Those
with limb-onset ALS may rely on a cane, walker, or

wheelchair due to difficulties walking and maintaining
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balance. To summarize, middle stage symptoms

involve:

* Increased weakness: The muscle weakness and
atrophy (muscle wasting) begin to spread to other areas
of the body, including:

o Difficulty with walking, standing, or using the arms
and hands.

o More noticeable speech problems (e.g., difficulty
articulating words).

o Increased difficulty swallowing and breathing.

* Loss of mobility: Patients may need assistive devices
like a walker or wheelchair.

* Loss of independence: As motor function declines,
individuals may require help with daily activities like

dressing, feeding, and bathing.

Late stage (severe disability)

As ALS progresses and a person's muscles become
paralyzed, they may lose the ability to move and speak.
Many people with ALS may require a wheelchair to get
around. Some may communicate through assistive
devices like an eye-tracking device or a letter board.
Others may choose to undergo a tracheostomy, a
procedure in which a tube is surgically inserted into the
throat, to help them breathe. People with late-stage ALS
are often cared for at home or in a hospice. To

summarize, late-stage symptoms involve:

« Severe weakness: Muscle weakness becomes severe,
and most voluntary muscles lose function, including:

o Loss of the ability to move arms, legs, or head.

o Complete loss of speech and swallowing ability.

o Respiratory difficulties as the muscles responsible for

breathing become weak.
* Complete paralysis: In the later stages, patients are

often paralyzed and may require a ventilator to assist

with breathing.
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* Cognitive changes: While ALS mainly affects motor
neurons, some people may experience cognitive
changes, such as difficulties with memory, problem-
solving, and decision-making (this is known as

frontotemporal dementia in some ALS patients).

» Total dependence: Patients become completely

dependent on caregivers for all daily activities.

Late-stage disease management

Difficulties with chewing and swallowing make eating
very difficult (dysphagia) and increase the risk of
choking or of aspirating food into the lungs. In later
stages of the disorder, aspiration pneumonia can
develop. Maintaining a healthy weight can become a
significant problem that may require the insertion of a
feeding tube. As the diaphragm and intercostal muscles
of the rib cage that support breathing weaken, measures
of lung function such as vital and inspiratory pressure
diminish. In respiratory-onset ALS, this may occur
before significant limb weakness is apparent.
Individuals affected by the disorder may ultimately lose
the ability to initiate and control all voluntary
movement, known as locked-in syndrome. Bladder and
bowel function are usually spared, meaning urinary and
fecal incontinence are uncommon, although trouble
getting to a toilet can lead to difficulties. The
extraocular responsible for eye movement are usually
spared, meaning the use of eye tracking technology to
support augmentative communication is often feasible,
albeit slow, and needs may change over time. Despite
these challenges, many people in an advanced state of

disease report satisfactory wellbeing and quality of life.

End-stage (terminal phase)

* Respiratory failure: In the final stage of ALS,
respiratory failure occurs due to the weakening of the
respiratory muscles. Most individuals with ALS die
from complications related to respiratory failure, such

as pneumonia, or from respiratory insufficiency.
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* Death: This stage typically occurs 2 to 5 years after
the initial onset of symptoms with one in ten people
surviving for at least 10 years. Some individuals may
survive longer with the help of life-sustaining

interventions such as mechanical ventilation.

It is important to note that the progression of ALS can
vary significantly between individuals, and some people
may experience a more rapid decline, while others may
have a slower progression. Early intervention with
medical care, including respiratory support and physical
therapy, can help manage symptoms and improve the

quality of life.

Progression

Although the initial site of symptoms and the
subsequent rate of disability progression vary from
person to person, the initially affected body region is
usually the most affected over time, and symptoms
usually spread to a neighboring body region. For
example, symptoms starting in one arm usually spread
next to either the opposite arm or to the leg on the same
side. Bulbar-onset patients most typically get their next
symptoms in their arms rather than legs. Arm-onset
patients typically spread to the legs before the bulbar
region, and leg-onset patients typically spread to the
arms rather than the bulbar region. Over time,
regardless of where symptoms began, most people
eventually lose the ability to walk or use their hands and
arms independently. Less consistently, they may lose
the ability to speak and to swallow food. It is the
eventual development of weakness of the respiratory
muscles, with the loss of ability to cough and to breathe
without support, that is ultimately life-shortening in
ALS.

Functional rating scale
The rate of progression can be measured using the ALS

Functional Rating Scale - Revised (ALSFRS-R), a 12-

item instrument survey administered as a clinical
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interview or self-reported questionnaire that produces a
score between 48 (normal function) and 0 (severe
disability). The ALSFRS-R is the most frequently used
outcome measure in clinical trials and is used to track
disease progression (see Sidebar2). Though the degree
of variability is high, and a small percentage of people
have a much slower progression, on average, people
with ALS lose about 1 ALSFRS-R point per month.
Brief periods of stabilization ("plateaus") and even
small reversals in ALSFRS-R score are not uncommon,
since the tool is subjective, can be affected by
medication, and different forms of compensation for
changes in function. However, it is rare (<1%) for these
improvements to be large (i.e. greater than 4 ALSFRS-
R points) or sustained (i.e. greater than 12 months). A
survey-based study among clinicians showed that they
rated a 20% change in the slope of the ALSFRS-R as
being clinically meaningful, which is the most common
threshold used to determine whether a new treatment is

working in clinical trials.

Prognosis, Staging, and Survival

Although respiratory support using non-invasive can
ease problems with breathing and prolong survival, it
does not affect the progression rate of ALS. Most
people with ALS die between two and four years after
the diagnosis. Around 50% of people with ALS die
within 30 months of their symptoms beginning, about
20% live between five and ten years, and about 10%

survive for 10 years or longer.

The most common cause of death among people with
ALS is respiratory failure, often accelerated by
pneumonia. Most ALS patients die at home after a
period of worsening difficulty breathing, a decline in
their nutritional status, or a rapid worsening of
symptoms. Sudden death or acute respiratory distress
are uncommon. Access to palliative care is
recommended from an early stage to explore options,

ensure psychosocial support for the patient and
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caregivers, and to discuss advance healthcare directives.

As with cancer staging, ALS has staging systems

numbered between 1 and 4 that are used for research

Stage 1
Symptom-onset

Stage 2
Stage description

2A: Diagnosis
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purposes in clinical trials. Two very similar staging
systems emerged around a similar time, the King's
staging system (KSS) and the Milano-Torino (MiToS)
functional staging (see Tables 4 and 5, respectively):

Stage 3 Stage 4

4A: Need for a

involvement of the 2B; Involvement of Involvement of the feeding tube

first region

the second region

4B: Need for non-
invasive ventilation
4A: 17.7 months
4B: 30.3 months

third region

23.3 months

Table 4: King’s ALS staging system and prognosis at each stage

Median time in 13.5 months 17.7 months
stage
Stage 0 Stage 1
Stage No loss of Loss of 1 Loss
description afunctional functional
domain domain
Probability 7% 26% 33%
of death at
each stage

Stage 2

functional
domains

Stage 3 Stage 4 Stage 5
of 2 Loss of 3 Loss of 4 Death

functional functional

domains domains

33% 86% 100%

Table 5: Mitos ALS staging system and prognosis at each stage

Providing individual patients with a precise prognosis is
not currently possible, though research is underway to
provide statistical models on the basis of prognostic
factors including age at onset, progression rate, site of

onset, and presence of frontotemporal dementia.

Those with a bulbar onset have a worse prognosis than
limb-onset ALS; a population-based study found that
bulbar-onset ALS patients had a median survival of 2.0
years and a 10-year survival rate of 3%, while limb-
onset ALS patients had a median survival of 2.6 years

and a 10-year survival rate of 13%.

Those with respiratory-onset ALS had a shorter median
survival of 1.4 years and 0% survival at 10 years. While
astrophysicist Stephen Hawking lived for 55 more years

following his diagnosis, his was an exceptional case.
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Conclusions and take-aways

> ALS is a progressive neurodegenerative
disorder that affects the motor neurons in the
brain and spinal cord. However, within the last
10 years, there has been a convergence of
research on ALS clinical symptoms, neuro-
radiographic patterns of pathology, and
genetics that have shed important light on the
association between motor neuron disease,

cognition, and behavior.

» Motor symptoms (chorea) include muscle
weakness, atrophy, and muscle spasms
throughout the body due to the degeneration of

the upper motor and lower motor neurons.
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Sensory nerves and the autonomic nervous
system are generally unaffected, meaning the
majority of people with ALS maintain hearing,

sight, touch, smell, and taste.

» Five different motor symptoms can be
categorized as: Initial-onset symptoms, limb-
onset symptoms, bulbar-onset symptoms,
respiratory-onset symptoms, and upper- and

lower-motor neuron symptoms.

» Symptoms of cognitive impairment or
behavioral dysfunction are present in 30—-50%
of individuals with ALS and can appear more
frequently in later stages of the disease.
Language dysfunction, executive dysfunction,
and troubles with social cognition and verbal
memory are the most commonly reported

cognitive symptoms.

» In addition to mild changes in cognition,
around 10-15% of individuals have signs of
frontotemporal dementia (FTD). Indeed, ALS
and FTD are now considered to be part of a
common disease spectrum because of genetic,

clinical, and pathological similarities.

» Cognitive and behavioral issues are associated
with a poorer prognosis as they may reduce
adherence to medical advice, and deficits in
empathy and social cognition which may

increase caregiver burden.

» The stages of ALS can vary from person to
person, but the disease typically progresses in
a predictable way through different stages
from early stage (mild symptoms) to middle
stage (progressive weakness), to late stage
(severe disability), to end stage (terminal

phase).

» It is important to note that the progression of

J Neurol Psychol Res, an open access Journal
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ALS can vary significantly between
individuals, and some people may experience a
more rapid decline, while others may have a

slower progression.

» Early intervention with medical care, including
respiratory support and physical therapy, can
help manage symptoms and improve the

quality of life.

» Although the initial site of symptoms and the
subsequent rate of disability progression vary
from person to person, the initially affected
body region is usually the most affected over
time, and symptoms usually spread to a

neighboring body region.

» The rate of progression can be measured using
the ALS Functional Rating Scale - Revised
(ALSFRS-R), a 12-item instrument survey
administered as a clinical interview or self-
reported questionnaire that produces a score
between 48 (normal function) and 0 (severe

disability) as detailed in the Sidebar.

Sidebar - The ALS Functional Rating Scale

The ALS Functional Rating Scale - Revised (ALSFRS-
R), a 12-item instrument survey (three of which are
newer items) administered as a clinical interview or

self-reported questionnaire. It devolves as follows:
Criteria

ALSFRS-R includes 12 questions that can have a score
of 0 to 4. A score of 0 on a question would indicate no
function while a score of 4 would indicate full function.
This scale has been useful for doctors in diagnosing
patients, measuring disease progression and for
researchers when selecting patients for a study and

measuring the potential effects of a clinical trial.

Volume 6 ¢ Issue 1 » 2025



Alain L. Fymat, J Neurol Psychol Res (2025), 6:1

The ALSFRS-R scale has some limitations though since
it is not useful to compare scores of people who present
with different onset. In ALS, the main type of onset is
bulbar followed by limb-onset, which describes the
region of motor neurons first affected. Individuals may
also present with respiratory-onset ALS, but this occurs
very rarely. Since there are three different types of ALS,
ALSFRS-R scores are often grouped in categories

depending on the type of onset.

Since there are three main pathways of progression, the
questions are also divided in relation to the types of
onsets. Questions 1 to 3 are related to bulbar onset,
questions 4 to 9 are related to limb onset and questions
10 to 12 are related to respiratory onset. Further
developments of the ALSFRS-R include an extended
version (ALSFRS-EX) to mitigate the floor effect and a

version with explanatory notes, which is particularly
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Progression

ALSFRS-R scores calculated at diagnosis can be
compared to scores throughout time to determine the
speed of progression. The rate of change, called the

ALSFRS-R slope can be used as a prognostic indicator.

Relating the ALSFRS-R score to staging criteria is also
useful in determining prognosis. The King's system
(KS) relies on the clinical spread of disease as a
measure of progression while the Milano-Torino
Staging (MiToS) utilizes the sub scores produced by the
ALSFRS-R to define stages.

Questions

The questions used to determine an individual's

ALSFRS-R score are listed in Table 6 below:

suitable for self-assessment (ALSFRS-R-SE, self-
explanatory).
Question 4 3
1. Speech Normal Detectable
processes disturbance
2. Salivation Normal Slight but

definite excess
of saliva in

mouth; may
have nighttime
drooling

3. Swallowing Normal eating Early eating

habits problems;

occasional
choking

4. Handwriting Normal Slow or sloppy:
all words are
legible

5a. Cutting food & Normal Somewhat slow

handling utensils and clumsy, but

(patients w/o no help needed

gastrostomy)

5b. Cutting food & Normal Clumsy but

handling utensils able to perform

(patients with all

gastrostomy) manipulations
independently

6. Dressing and Normal Independent

hygiene function and complete

J Neurol Psychol Res, an open access Journal

2 1 0

Intelligible Combined with Loss of useful

with repeating  nonvocal speech
communication

Moderately Marked excess Marked

excessive of saliva with drooling;

saliva; may = some drooling requires

have minimal constant tissue

drooling or handkerchief

Dietary Needs NPO

consistency supplemental (exclusively

changes tube feeding parenteral  or

Not all words
are legible

Able to grip pen
but unable to
write

enteral feeding)
Unable to grip
pen

Can cut most Food must be Needs to be fed
foods, although cut by someone

clumsy and but can still

slow; some feed slowly

help needed

Some help = Provides Unable to
needed  with minimal perform  any
closures  and = assistance to = aspect of task
fasteners caregiver.

Intermittent Needs attendant = Total
assistance  or for self-care dependence
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7. Turning in bed Normal
and adjusting bed

clothes

8. Walking Normal
9. Climbing stairs Normal
10. Dyspnea (new)  None
11. Orthopnea None
(new)

12. Respiratory None

insufficiency (new)

self-care  with
effort or
decreased
efficiency
Somewhat slow
and clumsy, but
no help needed

Early
ambulation
difficulties

Slow

Occurs  when

walking

Some difficulty
sleeping at
night due to
shortness of
breath.  Does
not  routinely
use more than
two pillows.
Intermittent use
of BiPAP
(Bilevel
Positive Airway
Pressure)

substitute
methods

Can turn alone
or adjust
sheets, but with
great difficulty
Walks with
assistance

Mild
unsteadiness or
fatigue

Occurs with
one or more of
the following:
eating, bathing,
dressing (ADL)

Needs extra
pillows in order
to sleep (more
than two)

Continuous use
of BiPAP
during the
night

Can initiate but
not turn or
adjust  sheets
alone

Non-
ambulatory
functional
movement
Needs
assistance

Occurs at rest,
difficulty

breathing when
either sitting or

lying

Can only sleep
sitting-up

Continuous use
of BiPAP during
the night and
day.

Table 6: Questions used in the ALS Functioning Rating Scale
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