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(Abstract N

Individuals suffering from quadriplegia can experience feelings of hopelessness, leading to a myriad of
emotional challenges such as depression, anxiety, and guilt. Previous studies have found that spinal cord
injury doubled the risk of mental health disorders, and markedly increased the risk of suicidal ideation.
Physical limitations, combined with subsequent decline in mental health, can further decrease rates of
school enrolment and economic participation. The use and availability of technology to help stable quadri-
plegics live a happy and fulfilling life often depends on income, geography, and sociocultural factors. This
case study examines the emotional impact of eye-tracking computer system technology in a quadriplegic

man living in a rural and resource-limited town. We examine how this affordable technology helped give

this patient newfound hope, and a second chance at emotional well-being.
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Background

Individuals with diseases and injuries of the high spinal cord can experience complete paralysis
below the neck, and even become ventilator-dependent, resulting in an inability to use their voice to com-
municate [17,19]. Until recently, such dramatic physical limitations also led to limitations in one’s ability
to take advantage of otherwise intact cognitive functions to pursue activities such as higher education or
pursuing a profession [10,15,18]. However, with the advent of Eye-Tracking Computer Systems (ETCS),
patients with a myriad of disabling spinal cord conditions are able to effectively and easily read and write,
maintain social communication, pursue degrees, make a living, and gain significant independence [16,19].
ETCSs work by projecting infrared light on the eyes. A sensor then analyses the position of the pupils and
the infrared reflection from the cornea to precisely determine the location of the patient’s gaze on a com-
puter screen. This allows the patient to click buttons on the computer with their eyes, opening the door to
typing, surfing the web, making phone calls, and other computer functions [19].
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Case Presentation

In 2008, a previously healthy man presented to a clinic in a rural town with headache and neck
pain. While being examined, he subsequently lost motor control and sensory perception below the neck.
Subsequent studies in the hospital revealed a rare anterior spinal cord infarction at the level of C2, leaving
the patient quadriplegic and respirator-dependent. A definitive cause for this event has never been
ascertained, but was previously theorized to have possibly been a delayed reaction to minor and otherwise

unremarkable trauma that occurred in a motor vehicle accident eight months prior.

After spending 3 months between a major hospital and rehabilitation center a couple hours away
from his home-town, he ultimately returned home bedbound, with a percutaneous endoscopic gastrostomy
tube, a suprapubic catheter, and a mechanical ventilator. He receives home-care from local medical staff,
and his parents serve as around-the-clock caregivers, tasked with managing the ventilator, suctioning the
tracheostomy, feeding and cleaning the patient, and providing physiotherapy. The costs associated with
the patient’s treatment are paid for in large part by the heavily subsidized healthcare system in Israel.
Otherwise, he also receives financial and social support from a large extended family, friends, and the very

tight-knit community at large.

As of January 2023, the patient has been paralyzed for the last 15 years of his life, but has only
utilized the sophisticated eye-tracking computer system for the past 4 years. In discussion with the patient,
he demonstrates many accomplishments, while also reporting a long and difficult journey to get to where he
is today. In the first few years after the patient’s vascular accident, he suffered from significant depression,
and had thoughts of ending his life. Over several years, with the hard work and loving devotion of his family,
the local clinic, and his tight-knit community, he became more optimistic about the future, and tried to

focused on what he can do from his bed.

In the early years following his paralysis, the patient attempted the use of several less sophisticated
assistive technologies to varying degrees of success, in order to aid communication. During this time, he
remained completely dependent on his family to do such tasks as turning on the television or communicating
with friends. Today, with ETCSs, he reports gaining significant independence. He is able to browse the web,
play computer games, watch movies, read books, and text, call, and video chat with friends. The ability to
easily communicate and connect with people, both within his home and across the country, has played
a major role in improving his mood and general outlook on life as a quadriplegic. He also describes how
the technology has allowed him to pursue his professional and intellectual interest in computer science.
At the time of his accident, the patient had to put an indefinite hold on his college education. Today, he is
actively pursuing a degree in computer science, proudly demonstrating his ability to fully engage in online
courses at university. ETCS enables him to easily participate in online courses by rapidly producing text,
quickly flipping through books and videos, and very effectively creating his own computer software using
nothing but his gaze. He feels proud of these accomplishments and looks forward to working as a computer
programmer in the future. This technology has given him a second chance at living a happy and fulfilling
life, where he can continue to work, play, create, and connect.
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Discussion

Although patients with diseases and injuries of the spinal cord face extreme challenges in activities
of daily living, the use of cutting-edge eye-tracking computer technology drastically improves patients’
mental health by offering independence, hope, and opportunity [13]. ETCSs allow them to practicalize their
intact cognitive function, which has the additional benefit of reducing the likelihood of developing further
disabling depression and anxiety [16,12,8].

The rural town in which this patient resides is by and large a resource-limited region, and is both
geographically and culturally isolated. Making a living from work within the town can be difficult, and the
costs associated with caring for a quadriplegic family member are high [4,5]. Indeed, the patient’s father
previously reported that the family only makes enough money to support the patient two-thirds of the
month, and the rest of the much-needed resources are provided by the help of extended family members,
friends, and the support of the local clinic [9]. One may naturally assume that such advanced eye-tracking
computer systems are an expensive luxury of the rich, but fortunately, this revolutionary technology is
relatively inexpensive, and currently available for as low as a few hundred dollars [7]. Thus, in contrast
to many other medical devices and services that are highly inaccessible in resource-limited areas, ETCSs
can more reasonably be obtained to improve the lives of quadriplegics in low-income families, towns, and

countries across the world [2].

Our patient continues to receive strong familial and community support, including around-the-
clock care from his mother, and significant household and vehicular modifications to provide the most
accommodating possible environment. Yet in spite of all this, living with ventilator-dependent quadriplegia
left him not only without the ability to freely ambulate, but stripped him of the use of his voice to effectively
communicate, and rendered him socially isolated. Social isolation is a known major risk factor for
depression, and a lack of social relationships have been shown to be extremely detrimental to well-being,
and this is true both in and absent of spinal cord injury [6]. Conversely, social support, communication, and
interaction have all been shown to increase life satisfaction, and decrease depression, helplessness, and
pessimism, and thus should be highly encouraged in both short-term and long-term lifestyle planning by

patients, their families, their physicians, and communities [14,11].

Paralysis and spinal cord injury can represent a colossal obstacle to many cognitive and intellectual
pursuits, beyond physical. A lack of ability to seek education and employment adds to an overall loss of
independence, self-esteem, opportunity for stimulation, and socialization [3,1]. Our patient was abruptly
forced to discontinue university studies following his paralysis, potentially jeopardizing his chances at
participating in higher education and having a professional life. Today, much of this has been ameliorated
thanks to the use of life-changing ETCS technology. He has resumed his university education, and plans to
pursue a career in computer science, embodying a success story about the culmination of individual efforts,

community support, and technological advancements.
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Learning points

e Quadriplegia can have serious consequences on mental health, and is associated with increased risk of
depression, anxiety, and suicidal ideation.

e  ETCSs enable paralyzed patients to perform most any computer function with only their gaze.

e ETCSs can significantly improve the mental well-being of paralyzed patients, and enables them to
pursue higher education and a professional life.

o ETCSs are relatively inexpensive, and are reasonably attainable in low-income families, towns, and
countries.

e Interaction and communication are crucial elements of well-being that should be heavily emphasized

in individuals post-spinal injury.
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