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AMYOTROPHIC LATERAL SCLEROSIS (ALS)

Introduction and Definition

Amyotrophic Lateral Sclerosis (ALS) is a devastating and progressive neurodegenerative disorder
characterized by the selective deterioration and eventual death of motor neurons, the nerve cells
that control voluntary muscles. This condition is universally recognized as a motor neuron disease
(MND), and in the United States, the terms are often used synonymously. ALS fundamentally
impacts both the upper motor neurons (UMNSs), which originate in the cerebral cortex and project
down to the brainstem and spinal cord, and the lower motor neurons (LMNSs), which originate in the
brainstem and spinal cord and directly innervate the skeletal muscles. The combined degeneration
of these neural pathways leads to a complex clinical picture marked by progressive muscle
weakness, atrophy, and spasticity. The term Amyotrophic derives from the Greek, meaning "no
muscle nourishment,” reflecting the resulting muscle atrophy, while Lateral Sclerosis refers to the
hardening (sclerosis) of the lateral columns of the spinal cord, where the descending motor tracts
are located. The profound destruction targets the anterior horn cells within the spinal cord,
brainstem, and the corresponding motor nuclei in the cerebral cortex, leading inexorably to
paralysis and respiratory failure.

ALS is typically an adult-onset disorder, with signs commonly manifesting shortly after an individual
reaches forty years of age, though the incidence increases significantly with advancing age,
peaking between 60 and 70 years. While the disease is relatively rare, its impact is catastrophic
due to the rapid progression and lack of a definitive cure. The disease spares the sensory system,
cognitive function (in the majority of cases), bowel and bladder control, and involuntary muscles
such as the heart, meaning patients remain mentally alert and aware of their deteriorating physical
state. This preservation of cognitive function amidst profound physical decline adds a significant
psychological burden to the patient and their caregivers. The formal diagnosis often follows a
period of perplexing symptoms that gradually escalate in severity and distribution throughout the
body.

Historically, ALS gained significant public recognition in North America under the moniker Lou
Gehrig's disease, named after the famous baseball player who was diagnosed with the condition
in 1939 and subsequently died from it in 1941. This alternate nomenclature highlights the disease's
swift and unrelenting nature. Although ALS is the most common form of motor neuron disease
globally, its presentation can be highly heterogeneous, meaning the initial site of onset and the rate
of progression can vary significantly among individuals. Regardless of the initial presentation--
whether limb-onset, affecting the arms and legs, or bulbar-onset, affecting speech and swallowing
muscles--the disease ultimately spreads throughout the nervous system, compromising all
voluntary motor functions necessary for daily living.
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Pathophysiology and Etiology

The core pathological mechanism of Amyotrophic Lateral Sclerosis involves the toxic accumulation
of protein aggregates and subsequent programmed cell death (apoptosis) of both the upper and
lower motor neurons. The exact sequence of events leading to this widespread neuronal death
remains elusive, but research points toward a complex interplay of genetic susceptibility,
environmental triggers, excitotoxicity, oxidative stress, and impaired cellular protein management.
Within the affected motor neurons, abnormal inclusion bodies containing ubiquitinated proteins,
such as TDP-43 (TAR DNA-binding protein 43), are frequently observed. In approximately 97% of
ALS cases, these TDP-43 aggregates are mislocalized and accumulate in the cytoplasm,
representing a hallmark of the disease pathology, regardless of whether the disease is sporadic or
familial.

While the vast majority of cases (approximately 90-95%) are classified as sporadic ALS (sALS),
meaning they occur without a known family history, a significant minority (5-10%) are classified as
familial ALS (fALS). The discovery of specific genetic mutations has provided crucial insights into
the underlying mechanisms of the disease. The most frequently identified genetic causes include
mutations in the C9orf72 gene, which account for up to 40% of fALS cases and 5-10% of sSALS
cases, typically presenting with concurrent frontotemporal dementia (FTD). Other significant genes
implicated include SOD1 (Superoxide Dismutase 1), which was the first gene linked to fALS and
often leads to the production of dysfunctional proteins that aggregate and become toxic; and genes
like FUS, TBK1, and VCP, each contributing to defects in RNA processing, protein degradation, or
mitochondrial function. These genetic findings suggest that ALS is a disorder of widespread
cellular dysfunction, involving defects in axonal transport, mitochondrial respiration, and glial cell
signaling, particularly concerning astrocytes and microglia, which normally support neuronal health
but become toxic in the disease state.

The theory of excitotoxicity posits that motor neurons are destroyed by excessive stimulation
from the neurotransmitter glutamate. While glutamate is essential for normal synaptic transmission,
its prolonged or excessive presence leads to an influx of calcium ions into the motor neuron,
triggering cellular damage cascades. Furthermore, evidence strongly supports the role of oxidative
stress, where an imbalance between the production of reactive oxygen species and the body's
ability to detoxify them leads to cellular damage, particularly targeting mitochondria, the cell's
powerhouses. Although environmental factors have been long suspected--including heavy metal
exposure, viral infections, and physical trauma--no single environmental agent has been
conclusively proven to cause sALS. Current research suggests that the development of sporadic
ALS is likely a multifactorial process, where a genetically susceptible individual encounters
environmental factors that trigger the final common pathway of motor neuron degeneration.
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Clinical Presentation and Symptomology

The clinical presentation of ALS is defined by a combination of signs reflecting both upper motor
neuron (UMN) and lower motor neuron (LMN) damage, often simultaneously present in the same
anatomical region. Initial symptoms are typically subtle and vary depending on the site of onset. In
70-80% of cases, the onset is limb-related, beginning with asymmetric weakness in the distal
limbs, such as difficulty gripping objects, tripping over the feet, or dragging one foot. LMN
involvement manifests as muscular atrophy (wasting), muscle fatigue, and fasciculations
(involuntary, fine twitching movements visible under the skin), particularly noticeable in the calves
or tongue. As the disease progresses, patients experience fractional and eventually full-blown
paralysis in the affected limbs, severely limiting mobility and manual dexterity.

UMN signs contrast with LMN signs and include spasticity (muscle stiffness and increased tone),
hyperreflexia (magnified or brisk tendon reflexes), and pathological reflexes, such as the Babinski
sign. These UMN signs often result in slow, stiff movements that further impede the patient's ability
to walk or utilize their arms effectively. The mixture of flaccid weakness (LMN) and spastic stiffness
(UMN) is highly characteristic of ALS. When the disease begins in the bulbar region (affecting the
brainstem nuclei), the initial symptoms involve difficulties with speech (dysarthria) and swallowing
(dysphagia). Bulbar-onset ALS, which occurs in 20-30% of cases, tends to have a faster
progression and a poorer prognosis, primarily because of the early compromise of airway
protective mechanisms.

As the illness advances, the symptoms generalize. Speech handicap becomes severe, evolving
from slurred articulation to anarthria (complete inability to speak). Troubles swallowing or aspirating
solids and liquids become life-threatening, often necessitating nutritional support via percutaneous
endoscopic gastrostomy (PEG) tube insertion. Crucially, respiratory muscle weakness--affecting
the diaphragm and intercostal muscles--is the most common cause of morbidity and death.
Patients experience increasing difficulty respirating, particularly when lying down (orthopnea),
leading to chronic fatigue, morning headaches, and hypoventilation. Loss of death usually sets in
within two to five years of the appearance of illness indicators, primarily due to respiratory failure,
although survival times are highly variable, with some individuals surviving ten years or more.
Furthermore, some patients may exhibit signs of pseudobulbar affect, characterized by
uncontrollable episodes of laughing or crying that are disproportionate to the emotional context,
reflecting UMN damage in the corticobulbar pathways.

Diagnostic Procedures

Diagnosing Amyotrophic Lateral Sclerosis is primarily a process of clinical observation and
exclusion, as there is currently no single blood test or imaging modality that definitively confirms
the disease. The diagnosis rests upon the clinical documentation of progressive motor dysfunction
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involving both UMN and LMN signs in multiple body regions, in the absence of other diseases that
could account for the observed symptoms. The initial work-up involves a detailed neurological
examination to identify muscle weakness, atrophy, fasciculations, spasticity, and hyperreflexia,
along with a thorough medical history documenting the progression timeline.

The most critical laboratory test for supporting the diagnosis and excluding mimickers is
electromyography (EMG) and nerve conduction studies (NCS). NCS usually remains normal,
reflecting the health of the sensory nerves, while the EMG demonstrates widespread denervation
and reinnervation changes. The EMG reveals active denervation (fibrillation potentials and positive
sharp waves) and chronic changes (large motor unit potentials), which must be present in at least
three body regions (e.g., cervical, thoracic, lumbar, or bulbar) to meet the formal criteria for
definitive or probable ALS. This testing provides objective evidence of LMN involvement, which is
essential for diagnosis.

To standardize the diagnosis globally, clinicians rely on formalized guidelines, most notably the
Revised El Escorial Criteria. These criteria classify ALS into categories ranging from suspected to
definite ALS based on the clinical and electrophysiological evidence of UMN and LMN signs across
the bulbar, cervical, thoracic, and lumbosacral regions. Imaging studies, particularly magnetic
resonance imaging (MRI) of the brain and spinal cord, are indispensable for ruling out conditions
that mimic ALS, such as cervical myelopathy, spinal cord tumors, multiple sclerosis, or certain
inflammatory neuropathies. The MRI in ALS patients is usually unremarkable, though some
advanced cases might show subtle hyperintensities in the corticospinal tracts, reflecting gliosis.
Laboratory blood and urine tests are performed to exclude infectious, metabolic, or autoimmune
disorders that might present with similar motor symptoms, ensuring a comprehensive differential
diagnosis is undertaken before the final devastating diagnosis of ALS is rendered.

Progression and Prognosis

The progression of Amyotrophic Lateral Sclerosis is relentlessly downhill, though the rate of
decline is highly individualized. The average life expectancy from the time of symptom onset is
generally cited as two to five years, but it is critical to note that this is an average, and
approximately 10% of individuals with ALS survive for ten years or longer. The most significant
prognostic factors are the age of onset and the region of onset. Individuals diagnosed at a younger
age (under 40) often experience a slower trajectory of progression compared to those diagnosed
later in life. Furthermore, bulbar-onset ALS, which compromises swallowing and breathing muscles
early on, typically carries a poorer prognosis than limb-onset ALS, due to the rapid onset of severe
nutritional deficits and respiratory compromise.

Progression is characterized by the sequential spread of weakness from the initial site of onset to
contiguous and then non-contiguous muscles. For instance, a patient starting with weakness in
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one hand will typically see the weakness spread to the arm, shoulder, and then the contralateral
limb or the bulbar muscles. The decline in functional status is often measured using standardized
scales, such as the Revised ALS Functional Rating Scale (ALSFRS-R), which assesses 12
functional domains including speech, swallowing, dressing, and respiratory capacity. A consistent
drop in this score over time confirms rapid progression. The primary cause of mortality in ALS is
respiratory insufficiency, resulting from the progressive paralysis of the diaphragm and accessory
breathing muscles.

While the physical decline is universal, the potential for cognitive and behavioral changes must
also be considered. While traditionally viewed as a purely motor disorder, modern research
indicates that ALS is part of a spectrum of neurodegeneration linked to frontotemporal dementia
(FTD). Approximately 50% of ALS patients experience mild cognitive changes, and about 15%
develop overt FTD, characterized by significant personality changes, executive dysfunction, and
behavioral disinhibition. The presence of FTD often complicates care, impairs decision-making
capabilities, and is generally associated with a shorter survival time. Understanding the variability
in progression and the potential for cognitive involvement is crucial for managing expectations and
planning multidisciplinary care.

Management and Therapeutic Approaches

The management of ALS is complex, focusing primarily on symptomatic relief, maintenance of
quality of life, and maximizing functional independence for as long as possible, delivered through a
dedicated multidisciplinary care team. Although there is currently no cure, therapeutic strategies
aim to slow disease progression and manage the debilitating symptoms. Pharmacological
interventions approved specifically for ALS include Riluzole and Edaravone. Riluzole, an FDA-
approved drug since 1995, is believed to exert its effect by inhibiting glutamate release, thereby
reducing excitotoxicity. Clinical trials have demonstrated that Riluzole modestly extends survival,
typically by a few months, or slows the time to tracheostomy.

More recently, Edaravone (Radicava) has been approved, acting as a potent scavenger of free
radicals, aiming to reduce oxidative stress and thus potentially mitigating motor neuron damage.
While its effects are also modest, both Riluzole and Edaravone represent foundational disease-
modifying therapies. Beyond these, symptomatic management addresses the specific challenges
faced by the patient. Physical therapy and occupational therapy are essential for maintaining range
of motion, preventing contractures, and providing assistive devices (e.g., walkers, wheelchairs,
braces) to aid mobility and daily activities. Speech therapy is crucial for managing dysarthria, and
communication aids, ranging from simple writing tablets to advanced eye-tracking technology,
become necessary as speech deteriorates.

Nutritional support is paramount, as dysphagia leads to weight loss and malnutrition, which
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negatively impacts survival. Dieticians monitor weight, recommend texture-modified diets, and
often facilitate the placement of a PEG tube when oral intake becomes unsafe or insufficient.
Furthermore, the management of respiratory failure is critical. Non-invasive positive pressure
ventilation (NIPPV), typically delivered via a mask at night, is highly effective in improving sleep
quality, reducing fatigue, and prolonging survival. When NIPPV becomes insufficient, patients and
families must confront the decision regarding invasive mechanical ventilation (tracheostomy), a life-
sustaining measure that profoundly alters the patient's quality of life and care requirements.
Psychological support, addressing issues like anxiety, depression, and grief, is also a mandatory
component of comprehensive ALS care.

Historical Context and Notable Cases

The formal recognition and initial description of Amyotrophic Lateral Sclerosis are credited to the
influential French neurologist, Jean-Martin Charcot, in 1869. Charcot and his student, Alexis
Joffroy, meticulously documented the clinical syndrome, linking the progressive muscle weakness
and atrophy to the pathological findings of sclerosis in the lateral columns of the spinal cord and
the degeneration of motor neurons. Charcot's work established the foundation for understanding
ALS as a distinct, identifiable neurological entity, differentiating it from other paralytic conditions of
the time. His detailed pathological studies confirmed the advanced destruction of the anterior horn
cells in the spinal cord and brainstem, thereby cementing the understanding of ALS as a unified
disease process affecting both central and peripheral motor components.

The disease achieved widespread public visibility in the United States in the late 1930s with the
diagnosis of baseball legend Lou Gehrig. Gehrig's sudden decline from peak athletic performance,
followed by his retirement and subsequent death in 1941, brought national attention to the
previously obscure illness. His famous "luckiest man on the face of the earth" farewell speech
galvanized public awareness, leading to the enduring association of the condition with his name:
Lou Gehrig's disease. This visibility spurred early funding and research efforts, although
significant breakthroughs in treatment would take many decades.

More recently, the decades-long survival of physicist Stephen Hawking, who was diagnosed with
an extremely slow-progressing form of ALS in his early 20s, dramatically challenged the typical
short prognosis associated with the disease. Although Hawking's case was highly atypical, his
extraordinary life and dependence on sophisticated technology, such as speech synthesizers and
advanced ventilatory support, illustrated the potential for long-term survival and quality of life
maintenance, provided intensive support is available. These notable cases--from Charcot's initial
clinical description to the public profiles of Gehrig and Hawking--have been instrumental in shaping
both the scientific understanding and the societal perception of this complex and challenging motor
neuron illness.
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