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Many patients with amyotrophic lateral sclerosis (ALS) experience severe dysarthria and communication
difficulties because of muscle weakness and atrophy. The objective of this study was to develop a new ALS

communication device that helps prevent patients from entering a totally locked-in state (TLS) and to evaluate its



applicability during long-term follow-up.

The study team consisted of 4 groups of researchers that addressed the topics of nursing care, technology
development, neurophysiology, and neuropathology.

Significant progress was made as a result of this 3-year project. First, we developed a 5-stage classification system
(Stage | to Stage V) based on the level of communication and used it throughout the project as a standard
assessment tool. Second, we identified tracheostomy for mechanical ventilation within 2 years of disease onset and
ocular motility disturbance as key prognostic factors for Stage V communication difficulty. Third, we developed
the concept of “adverse clinical signs” to delineate a group of conditions that compromise effective communication.
These clinical signs underscore the importance of nursing care in supporting patients’ communication capabilities.
Fourth, we found that assistive communication devices that rely on biological signals should be introduced in the
early stages of disease. Fifth, brain imaging studies of the relationship between the tegmentum and communication
stages showed that atrophy of the periaqueductal gray matter is typically associated with Stage V disease (TLS).
Sixth, evaluation of somatosensory and visually evoked potentials in Stage V patients suggested that the visual
pathway is less prone to degeneration than somatosensory and auditory pathways in advanced ALS patients, who
have damage to a variety of neural systems, including the motor neurons. Seventh, TAR DNA-binding protein 43
(TDP-43)—positive inclusions were rarely observed in patients who remain at Stage | for approximately 30 years.
Their pathology mostly consisted of motor neuron degeneration. Among Stage V patients, however, there was a
wide continuum of cerebral atrophy and pathology not attributable to the accumulation of aggregated proteins.
Finally, we found that visual and olfactory pathways are generally preserved in Stage V patients. Axonal
accumulation of phosphorylated TDP-43 and activation of non-phosphorylated mechanistic target of rapamycin

(mTOR) possibly cause severe neural damage.
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