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Primary Disciplinary Field(s): Neurology, Clinical Medicine, Neurodegenerative Disease

1. Core Definition

Amyotrophic Lateral Sclerosis, commonly abbreviated as ALS, is a devastating and progressively
fatal neurodegenerative disorder characterized by the selective destruction of motor neurons
responsible for controlling voluntary muscles. This comprehensive motor neuron illness impacts
both the upper motor neurons (UMNS), which originate in the brain's cerebral cortex, and the
lower motor neurons (LMNSs), which originate in the brainstem and spinal cord. The hallmark of
ALS involves the advanced destruction of the anterior horn cells within the spinal cord, cerebral
cortex, and brainstem, leading to an inability of the central nervous system to initiate and control
muscle movement. This degeneration results in profound weakness, atrophy, and eventual
paralysis, though typically, cognitive functions and sensory modalities remain intact.

In the United States, ALS is frequently put to use correspondently with the broader term Motor
Neuron Disease (MND), which encompasses a spectrum of related disorders. However, classical

ALS involves the simultaneous deterioration of both UMNs and LMNs, distinguishing it from related
conditions that might affect only one population of neurons. The relentless progression of the
disease leads inexorably to respiratory failure, as the muscles required for breathing become
paralyzed, making ALS one of the most feared diagnoses in clinical neurology due to its high
mortality rate and lack of curative treatment.

2. Etymology and Nomenclature

The name Amyotrophic Lateral Sclerosis is descriptive of the pathological changes observed in
the affected tissues. "Amyotrophic" is derived from Greek, meaning "no muscle nourishment,"
indicating the muscle wasting or atrophy that occurs when muscles no longer receive signals from
the nerve cells. "Lateral" refers to the areas in the spinal cord where the degenerated nerve cell
bodies are located, specifically the lateral columns, which contain the fibers connecting the motor
cortex to the spinal cord. Finally, "Sclerosis" refers to the hardening or scarring of tissue in these
lateral columns as the damaged nerves are replaced by non-functional scar tissue (gliosis).

Historically and culturally, ALS is often referred to as Lou Gehrig's disease. This eponym honors

the famous New York Yankees baseball player who was diagnhosed with the condition in 1939 and
subsequently died from it in 1941, just short of his 38th birthday. Gehrig's public battle with the
illness brought significant national attention to ALS, securing the name's prevalence in popular
culture, particularly across North America, even though the disorder had been clinically described
much earlier by the French neurologist Jean-Martin Charcot in 1869. The dual nomenclature
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highlights the intersection of medical history and public awareness in defining this severe
neurological disorder.

3. Pathophysiology: Motor Neuron Destruction

The underlying pathophysiology of ALS centers on the progressive degeneration and eventual
death of the motor neurons. While the precise mechanism initiating this neurodegeneration
remains elusive in the majority of sporadic cases, current research points toward a complex
interplay of genetic mutations, protein aggregation, oxidative stress, excitotoxicity, and
mitochondrial dysfunction. The loss of UMNSs results in signs associated with spasticity and
hyperreflexia, while the loss of LMNs results in muscle weakness, atrophy, and fasciculations
(twitching).

A significant area of investigation involves the role of the protein Superoxide Dismutase 1

(SOD1). Mutations in the SOD1 gene are responsible for a notable percentage of familial
(inherited) ALS cases. These mutations cause the SOD1 protein to misfold and aggregate,
becoming toxic to the motor neurons. Furthermore, research increasingly implicates the abnormal
accumulation of other proteins, such as TDP-43 and FUS, which are involved in RNA processing.
The accumulation of these toxic aggregates disrupts crucial cellular functions, ultimately triggering
apoptosis (programmed cell death) of the motor neurons.

The structural damage is evident upon post-mortem examination, revealing advanced sclerosis
and atrophy in the ventral horns of the spinal cord and in the motor tracts of the brainstem and
cortex. The consequence of this destruction is a complete breakdown in communication between
the brain and the musculature, transforming what starts as minor muscular fatigue into full-blown
paralysis, affecting limbs, speech, swallowing, and, critically, respiration.

4. Clinical Presentation and Progression

The onset of ALS is insidious, with initial signs typically arriving soon after a person reaches forty
years of age, though onset can occur earlier or later. The disease presentation can be highly
variable; symptoms may begin in the limbs (limb onset), resulting in difficulty walking or grasping
objects, or they may begin with bulbar onset, affecting muscles used for speech and swallowing.

Key clinical indicators consist of muscular atrophy, leading to visible wasting, and persistent
fatigue due to the effort required to move weakened muscles. As the disease advances, fractional
and full-blown paralysis sets in. Patients invariably develop a speech handicap (dysarthria) and
troubles swallowing (dysphagia), which poses serious risks of malnutrition and aspiration
pneumonia. Additionally, due to the involvement of the upper motor neurons, physical signs often
include fitfulness (cramps or spasms) and magnified tendon reflexes (hyperreflexia), which are
indicative of spasticity.
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The progression of ALS is notoriously rapid and devastating. While survival rates vary, loss of life
usually sets in within two to five years of the appearance of illness indicators, primarily due to
respiratory failure resulting from the paralysis of the diaphragm and chest wall muscles. Although
some individuals live longer--a small percentage may survive a decade or more--the overwhelming
majority face a short, difficult clinical course marked by increasing dependency on caregivers and
medical intervention.

5. Diagnosis and Management

Diagnosis of ALS is primarily clinical, based on a comprehensive neurological examination
confirming the presence of both upper and lower motor neuron signs in at least three regions (limb,
bulbar, or respiratory). Because there is no single definitive test for ALS, electromyography (EMG)
and nerve conduction studies are critical ancillary tests used to document the extent of LMN loss
and rule out other treatable conditions that mimic ALS, such as multifocal motor neuropathy or
cervical spondylosis.

Management of ALS is predominantly supportive and palliative, focusing on symptom control and
maintaining quality of life. Multidisciplinary care, involving neurologists, physical therapists,
respiratory specialists, nutritionists, and speech therapists, is essential. Treatments include
physical and occupational therapy to maintain mobility as long as possible, respiratory support
(non-invasive or invasive ventilation) for breathing difficulties, and percutaneous endoscopic
gastrostomy (PEG) tubes to ensure adequate nutrition when swallowing becomes impossible.

Pharmacological interventions currently offer only modest benefits in extending survival or slowing
progression. Riluzole (approved in 1995) and Edaravone (approved in 2017) are the two primary
medications approved by the FDA for ALS treatment. Riluzole is thought to reduce damage to
motor neurons by decreasing the levels of glutamate, while Edaravone, an antioxidant, is
hypothesized to reduce oxidative stress, which contributes to neuronal death. These treatments
offer only incremental improvements in life expectancy, underscoring the severe therapeutic
challenge posed by the disease.

6. Research Directions and Therapeutic Challenges

Research into ALS is aggressively pursuing several fronts, including genetics, stem cell therapy,
and targeted drug delivery. The identification of humerous genes linked to both familial and
sporadic ALS (such as C9orf72, which accounts for the most common genetic form) has opened
doors for gene-targeted therapies, including antisense oligonucleotides (ASOs) aimed at correcting
faulty protein production.

A significant challenge lies in the complex and multifactorial nature of the disease, which makes
single-target drug therapies often ineffective. Furthermore, accessing the central nervous system
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with therapeutic agents is hindered by the blood-brain barrier. Future therapeutic approaches are
likely to involve combination therapies addressing multiple pathological processes simultaneously--
such as reducing inflammation, countering excitotoxicity, and promoting neuronal survival. Global
collaboration in clinical trials remains vital to accelerate the discovery of effective treatments that
can halt or reverse the progression of this devastating condition.

Further Reading

Amyotrophic lateral sclerosis (ALS) - Wikipedia
ALS Association Official Website
National Institute of Neurological Disorders and Stroke (NINDS) - ALS Information
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